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ABSTRACT 
It was aimed to determine the antifungal susceptibility of Candida species 

isolated from patients by the colorimetric method, one of the standard 

modifications. Therefore ‘Sensititre YeastOne’ using an indicator alamar 

blue standard commercial kit was used. 

The samples from patients applied to Yeditepe University Hospital Medical 

Microbiology Laboratory between years 2009-2011 were included to the 

study. 149 strains were isolated from 136 samplas. These strains were 

isolated from abscess, mouth swab, bronchoalveolar lavage (BAL), sputum, 

urine and urine catheter, blood culture, catheter, tracheal aspirate, sterile 

body fluid, vaginal swab and wound swab samples. Candida, Candida 

glabrata, Candida parapsilosis, Candida tropicalis, Candida dubliniensis, 

Candida krusei and, Candida incons./norveqen. of genus Candida were 

isolated. 

Antifungal susceptibility tests were applied for seven antifungals including 

fluconazole, caspofungin, voriconazole, amphotericin B, posaconazole, 

itraconazole and 5- flusitosine. There was no resistant strain to caspofungin 

although the most resistant group was found in azole group antifungals. 

The resistance rates for fluconazole, voriconazole, itraconazole, 5- 

flusitosine, respectively were as 18.8%,13.4%,37.6%,2.7%. For 

amphotericin B and posaconazole minimum inhibition concentration (MIC) 

values because of in vivo-in vitro discrepancy, were excluded from the 

evaluation. It was performed by E TEST method, because of high 

fluconazole resistance rate and the same resistance rate was observed.  

Because of easy evaluation, this test is found as a practical test for 

antifungal susceptibility. 
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Introduction 
The Candida species are present at the normal flora of 
skin, mucosa and gastrointestinal system. They are 
colonized at the mucosae immediately after the birth and 
pose a risk for the endogenous injection. The increase 
seen at the diagnostic and therapeutic interventional 
procedures which have been applied to the patients 
along with the development of modern medicine, the 
transplantation applications, the use of broad spectrum 
antibiotic and frequent incidence of immunosuppression 
have led to increase on the rate of Candida albicans and 
non albicans infections 1. Along with the increase observed 
at the Candida infections, the resistance against the 
antifungals used has been also gradually increasing 2. 
The Candida 3 and Aspergillus 4 infections are most 
frequently seen among the fungal infections and the 
mortality of these infections occur at high level 5. It is 
thought that the transplantation patients, neutropenic 
cases, allergic reactions and the increase at the numbers 
of patients who receive corticosteroid treatment at high 
doses and other immunosuppressive patient groups may 
lead to the increase of mortality 4. 
 
At Candida infections, Candida albicans is the specie which 
is most frequently seen especially in the invasive 
candidiasis. Besides that, Candida glabrata, Candida 
tropicalis, Candida parapsilosis and Candida kruse are 
also frequently isolated from the clinical samples 6. 
Candida species may be also identified with various 
biochemical tests and commercial kits. The success ratio of 
commercial kits is very high 7.  
 
Antifungal susceptibility tests allow for the use of 
antifungal drug which is the most appropriate one for the 
factor detected. The macro and microdilution methods 
certified by CLSI (Clinical Laboratory Standards Institute) 
and The European Committee on Antimicrobial 
Susceptibility Testing (EUCAST) are used for the 
antifungal susceptibility. These methods most frequently 
seen in microdilution methods is the detection of MIC 
(minimum inhibitor concentration) value which is done with 
RPMI 1640 (2% glucose) agar. In addition to that, the 
conformity of microdilution based colorimetric methods 
were determined with reference methods and the use was 
increased due to the ease of implementation 8. In the 
recent years, the use of susceptibility kit which is the 
commercial type of colorimetric method has increased. Its 

use and evaluation is practical as this method is based on 
the principle of color change 2. Also, the result of 
susceptibility may simultaneously be obtained for 7 unit 
antifungals.  
 

Material and Methods 
Material: In this paper, the samples of patients who 
applied to Yeditepe University Hospital Microbiology 
Laboratory between the dates of December 2009 and 
May 2011 and the strains grew on these samples were 
used. The strains used in our study were isolated from 
abscess, mouth swab, bronchoalveolar lavage (BAL), 
sputum, urine and urine catheter, blood culture, catheter, 
tracheal aspirate, sterile body fluid, vaginal swab and 
wound swab samples. 
 
Method: The Candida strains were produced from the 
clinical samples with the microbiological culture method 
and their identifications were made with the routine 
methods. The germ tube test was primarily applied to the 
strains and the pigmentation statuses were reviewed in 
the ChromAgar Candida medium. The strains of which 
germ tube test was genitive and the strains which do not 
appear like C. albicans in the ChromAgar Candida 
medium were identified with API ID 32C, Biomerieux 
(France) kit. 
 
Then, the antifungal susceptibility tests of Candida strains 
isolated. For the antifungal susceptibility tests, there are 
two methods certified by CLSI (Clinical Laboratory 
Standards Institute, USA). These are macro and 
microdilution tests. Some methods which were created 
with the modifications of these reference methods were 
developed in order to meet the requirements of clinical 
laboratories in this regard 8. In our study, it was aimed to 
determine the antifungal susceptibilities of Candida 
species isolated by using the colorimetric method which is 
one of these new standard modifications. With this aim, 
standard commercial Sensititre YeastOne kit at which 
alamar blue is used as colorimetric indicator was used in 
determination of MIC (Figure 1). 
 
The susceptibility antifungal is a colorimetric microdilution 
test and used for the assigned of antifungal susceptibility 
of Candida and Cryptococcus species. It is a method at 
which qualitative and quantitative Minimum Inhibitor 
Concentration (MIC) is assigned in a dried plaque format.  

 

 
Figure 1: Antifungal drug distribution at Sesititre YeastOne plaque 

(POS: Positive Control, AND: Anidulafungin, AB: Amphotericin B, MF: Micafungin, CAS: Caspofungin, FC: 5-Flusitosine, 
PZ: Posaconazole, VOR: Voriconazole, IZ: Itraconazole, FZ: Fluconazole) 
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Taken MIC results of resistent strains were also performed 
with E TEST (Biomerieux, Germany) method as the 
susceptibility ratio of Fluconazole was determined as 
high. 
 

Implementation and evaluation of susceptibility test: 
Primarily, Candida colonies were suspended in the way 
that will be 0.5 McFarland in the distilled water and 
distributed into the plaques in the way that the final 
concentration will be 1.5-8x103 CFU/ml. The YeastOne 
plaque was covered with a guard band and incubated 
at 35˚C for 24-25 hours for Candida species. For control, 

10 l Sabouraud Dextrose Agara was cultured from 
YeastOne Broth suspension. 15-80 colony reproduction 

was waited. The control tests were also implemented with 
various standard strains (Candida albicans (ATCC 
90028), Candida parapsilosis (ATCC 22019), Candida 
glabrata (KUEN 1573), Candida tropicalis (KUEN 1025) 
and Candida krusei (ATCC 6258)). In the evaluation, the 
value belonging the first well which did not give positive 
color was accepted as the minimum inhibitor 9.  
 
The evaluation of antifungals as susceptible or resistant 
were made by taking the values suggested by the kit into 
basis. When there is no reproduction in the plaque, the 
blue color occurs and this is the indicator of susceptibility 
of antifungals (Figure 2).  
 

 

 
Figure 2: The coloration status at the Sesititre YeasOne plaque as a result of reproduction (When there is pink color 
reproduction; this indicates that there is no blue color reproduction. Therefore, the first blue color which is observed 

from left to right is taken as MIC value). 
 
Table 1. The interpreter MIC values for Candida species according to Sensititre YeastOne (YO10) 9.  

Name of Antifungal  Susceptible Medium Susceptible Resistant  

Caspofungin ≤ 2  > 2 

Fluconazole ≤ 8  ≥16 

5-Flusitosine ≤4 8 – 16 ≥32 

Itraconazole ≤0.12  ≥ 1 

Voriconazole ≤1  >4 

 
Implementation and evaluation of E Test: 28 unit strains 
which were detected as resistant with susceptibility were 
studied with E Test method. For this method, each strain 
which was taken through sterile swab was spread on 
RPMI 1640 agar surface with 2% glucose. Following the 
dehydration of plaques, fluconazole (0.016-256 µg/ml) 
E Test strips were placed into the central of plaques. They 
were taken into evaluation at the end of 24 hours’ 
incubation at 37°C 9.  
 

Results 
In our study, total 136 samples were studied and 149  

units Candida strains were isolated. The species isolated 
were identified as phenotype. In accordance with the 
results obtained, 54.4% of strains isolated were 
identified as Candida albicans and 45.6% were 
identified as Non-albicans Candida (Figure 3). Then, 
advanced identification was implemented at Non-
albicans Candida strains and Candida parapsilosis 
(15.4%), Candida tropicalis (14.1%) and Candida 
glabrata (12.1%) at the rate close to each other were 
isolated. Candida krusei (2.0), Candida dubliniensis 
(1.3%) and Candida incons./norveqen (0.7) in very small 
quantities were identified (Table 2).  

 
 

 
Figure 3. Percentages of Candida albicans and Nonalbicans Candida strains 

 
 
 

54.40%

45.60%
Candida albicans

Nonalbicans
Candida
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Table 2. Distribution of strains isolated in terms of the species 

Name of species Quantity  (%) 

Candida albicans 81 54,4 

Candida parapsilosis 23 15,4 

Candida tropicalis 21 14,1 

Candida glabrata 18 12,1 

Candida krusei 3 2,0 

Candida dubliniensis 2 1,3 

Candida incons./norveqen. 1 0,7 

 
The antifungal susceptibility tests were performed 
against 7 different antifungals (Fluconazole, 
Caspofungin, Voriconazole, Amphotericin B, 
Posaconazole, Itraconazole and 5-Flusitosine) with 
Sensitire YeastOne kit based on the colorimetric method. 
Any strain resistant to caspofungin was not determined 
among the echinocandins. The highest resistance ratio was 
determined against the itraconazole (37.6%) among the 
azole group antifungals. The fluconazole (18.8%) and 

voriconazole (13.4%) followed this. The resistance 
against 5- flusitosine included into the pyrimidine group 
was observed at 2.7% of the strains isolated (Table 3). 
The antifungal susceptibility results for amphotericin B 
and posaconazole were not analyzed due to invivo-
invitro discrepancy and it was enabled that the patient 
was evaluated by the clinician with the MIC values 
determined in accordance with the clinic. 

 
Table 3. Antifungal Susceptibility Results 

Antifungal Adı Susceptible Medium Susceptible Resistant 

Fluconazole 121 (81.2%)   28 (18.8%) 

Voriconazole 129 (86.6%)   20 (13.4%) 

Itraconazole 93 (62.4%)   56 (37.6%) 

5-Flusitosin 141 (94.6%) 3 (2.0%) 4 (2.7%) 

Caspofungin 149 (100%)   0 (0.0%) 

 
In terms of resistance ratios, it was determined that the highest resistance was against fluconazole in C. albicans (Table 
4).  
 
Table 4. Distribution of resistance ratios in terms of species. 

Name of 
Antifungal C. albicans C. parapsilosis C. glabrata C. tropicalis 

Fluconazole 14.8% 4.3% 27.8% 33.3% 

Voriconazole 9.9% 4.3% 0.0% 28.6% 

Itraconazole 22.2% 8.7% 77.8% 81.0% 

5-Flusitosine 1.2% 0.0% 5.6% 19.0% 

Caspofungin 0.0% 0.0% 0.0% 0.0% 

 
The resistance ratio of fluconazole was determined as 18.8% with E Test. MIC50 and MIC90 values determined in terms of 
species are given in Table 5. 
 
Table 5. MIC50 and MIC90 values of strains isolated. 

  

Fluconazole Voriconazole Posaconazole Itraconazole 5-Flusitosine 
Amphotericin 

B 
Caspofungin 

MIC50 MIC90 MIC50 MIC90 MIC50 MIC90 MIC50 MIC90 MIC50 MIC90 MIC50 MIC90 MIC50 MIC90 

C. albicans 0,5 >256 <0,008 8 0,06 >8 0,12 >16 <0,06 0,5 0,5 1 0,06 0,12 

C. glabrata 4 16 0,06 0,25 0,5 1 0,25 1 <0,06 <0,06 0,5 1 0,06 0,06 

C. 
parapsilosis  1 1 0,015 0,12 0,12 0,12 0,12 0,12 0,12 0,12 1 1 0,5 0,5 

C. 
tropicalis  2 >256 0,12 >8 0,25 >8 0,25 >16 <0,06 >64 1 1 0,06 0,12 

Discussion 
Candida species may show resistance against the 
antifungal drugs with various mechanisms. Today, there 
are antifungal drugs which have various mechanisms of 
action although they are not too much. Selecting the right 
antifungal is very significant in order to increase the 

success of treatment. This is because Candida species have 
natural resistance against some antifungals. For example; 
some of C. glabrata species have natural resistance 
against the azole group antifungal drugs. In order that, 
antifungal susceptibility tests are required to be 
conducted 10.  
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In the recent years, it has been observed that C. albicans 
strains show resistance against the azoles as primarily 
fluconazole 11. It was determined that C. albicans strains 
which were isolated in our study were mostly resistant 
against the azole group antifungals and a strain which 
was resistant against an azole group antifungal were 
determined as resistant against other antifungals in 
almost every group. It is thought that the repetitive use of 
azoles has led to the resistance increasing against the 
azoles and the candidiasis which fail to respond the 
systemic antifungal treatment 10. C. albicans strains were 
determined as high susceptible against the antifungals 
outside the azole group. This case is also stated in similar 
studies (12). As this specie is Candida specie which is most 
frequently isolated among the clinical samples, knowing 
the antifungal susceptibilities caries significant. This is 
seen especially in the patients who are in intensive care 
units and women as infection factor 13-14. It is the primary 
one of the fungal species which lead to opportunistic 
infections in the patients of which immune systems have 
been suppressed. C. albicans specie 7 which is the main 
factor of superficial or deep acute or chronic fungal 
infections, respiratory tract infections or systemic fungal 
infections were frequently isolated in our study. 
 
C. parapsilosis is the primary one of nosocomial infections 
which are frequently isolated in the blood samples. It is 
frequently seen not only in oncology and transplantation 
patients but also in the patients who are in the intensive 
care units. It is put forth that various surgical interventions 
and long hospitalization durations lead to this 15. The 
increase of C. parapsilosis infections has drawn attraction 
in the recent years 16. In our study, the specie which is most 
isolated is C. parapsilosis following C. albicans. Also, 18 
of 23 strains isolated were isolated from blood culture 
and the patients at whom this specie was isolated were 
the intensive care patients who had to hospitalized in the 
hospitality for long time or the patients who received 
oncology treatment. In various studies like our study, it is 
stated that this specie is most isolated among Non-
albicans Candida strains in Europe and Latin America 17-

19. In C. parapsilosis strains, susceptible results at high 
ratios were taken. In a study which was conducted in 
Spain in 2011, the antifungal susceptibilities of C. 
parapsilosis strains were studies and it was stated that 
susceptibility at high ratios were obtained for 
voriconazole, amphotericin B and anidulafungin 15.  
 
In terms of antifungal susceptibility results of C. glabrata 
strains, it was seen that its resistance ratio was high 
against the azole group antifungals. Fluconazole resistant 
in C. glabrata strains were seen in elder patients. While 
resistance against the azoles have increased in the recent 
years, the dose increase in treatment sometimes give 
effective results (20). In our study, fluconazole resistance 
was seen at five strains in this specie and these strains 
were isolated from the patients who were above 65 
years. 
 

C. glabrata is the second most frequent candidemia factor 
in USA. But C. tropicalis or C. parapsilosis take the second 
place in European countries. C. glabrata is frequently 
seen in the patients at whom fluconazole is used at 
prophylaxis and old people are seen at an ever-
increasing frequency and the infections depending on this 

specie progress more seriously and fatal. In Turkey, as 
European countries, C. parapsilosis and C. tropicalis are 
the species which make most frequent candidemia 
following C. albicans. C. tropicalis candidemia are seen in 
the patients who rather have neutropenia and mucositis 
and especially the patients who have not received 
fluconazole prophylaxis 21.  
 

The candidemia based on C. krusei are rather seen in the 
patients who have hematologic malignity, bone marrow 
and blood receptors and especially in the patients to 
whom fluconazole prophylaxis is applied. 
 

C. dublininesis is a Candida specie which is frequently 
isolated from the persons infected with HIV and confused 
with C. albicans due to the germ tube positivity in the 
routine diagnosis methods. In our study, two units were 
isolated among these species and differentiated in 
ChromAgar Candida medium. Therefore, it is certain that 
this medium assist in the diagnosis. 
 

Sensititre YeastOne Kit may be used for Candida, 
Cryptococcus, Aspergillus which reproduce easily and 
various yeast species which reproduce fast. It is not 
convenient for using detecting the antifungal 
susceptibilities of Histoplasma or Blastomyces of which 
reproduction is hard or slow and filamentous molds. ın the 
studies which were conducted in order to determine the 
antifungal susceptibilities of Candida species, it was 
determined that the results obtained with Sensititre Yeast 
One kit were in conformity with the reference methods at 
the rate of 85% 22.  
 

Various researchers believe that reading MIC results 
after 24 hours’ incubation is more convenient than 
reading after 48 hours’ incubation. But it is emphasized 
that CLSI 48 hours’ reading is more successful. But as there 
is not sufficient data, the time of accurate reading 
remains unanswered. Therefore, the time of reading 
should be also clearly stated in reporting. At the end of 
24 hours, the reading should not be made if the control 
well does not completely become positive. Also, the 
discoloration in the wells is analyzed in accordance with 
the complete discoloration not the principle of turbidity. 
Thanks to that, the challenges in the determination of 
antifungal susceptibilities of candida strains which yield 
different MIC values and named as trailing are 
recovered as a result of 24 and 48 hours’ incubations. 
These strains are rather isolated from the blood and other 
sterile body fluids 9.  
 

When the resistance ratios in our country and the 
resistance ratio of C. albicans (14,8%) strains against the 
fluconazole that we obtained in our study; we observed 
high rate of resistance 23-25. The view of that high 
resistance ratio against fluconazole may be trailing was 
created. But these data should be verified with more 
samples. The fluconazole resistance ratio was also 
studied with E Test method certified by FDA due to this 
high ratio acquired and it was determined at same level. 
While the resistance ratio of C. albicans strains against 
the fluconazole was determined as 5,5% in a study 
conducted by Altuncu et al. (2010), it was stated that the 
response which was clinically acquired was higher 
compared to this ratio due to invivo-invitro discrepancy 
26.  
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It is indisputable that the non-albicans species showed an 
increase in candida infections and the resistance of these 
species against the antifungal drugs was high and 
therefore determination of factor at specie level in 
Candida infections and research of antifungal 
susceptibility is beneficial in terms of effectiveness of 
treatment and prevention of resistance development 27. 
Due to that the diagnosis and treatment challenges are 
very much in candidemia and invasive candidiasis, the 
prevention and control of these diseases gain importance. 
There are three effective, easy and cheap methods in this 
regards; hand hygiene, catheter care and prudent and 
careful use of antifungals 28. 
 

Conclusion  
In conclusion, this method may be suggested due to that 
its evaluation as a result of the data obtained is objective. 
But it is required to study with more samples. 
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