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Determination of Resistance Rates of Candida albicans Species Isolated from 
Sterile Body Fluids to Triazoles by Microdilution Method
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Özet
Amaç: Azollerin profilaksi veya tedavi amacıyla yaygın ve tekrarlayan kullanımı Candida albicans (C.albicans) türlerinde direnç gelişimine yol açmıştır.
Gereç ve Yöntemler: Bu çalışmada, steril vücut sıvısı kültürlerinden izole edilen C.albicans izolatlarının flukonazol, itrakonazol ve vorikonazole in vitro di-
renç oranlarının belirlenmesi amaçlanmıştır. Tür düzeyinde tanımlama, geleneksel tanı yöntemleri ve BD Phoenix 100 (BD, ABD) otomatik tanımlama sistemi 
kullanılarak yapıldı. Antifungal duyarlılık testi, %2 glukoz içeren RPMI kullanılarak mikrodilüsyon yöntemiyle değerlendirildi. Triazoller olan flukonazol, 
itrakonazol ve vorikonazol için bulanıklığın belirgin (≥%50) olarak azaldığı kuyucuktaki konsantrasyon, MİK50 değeri olarak belirlendi. Çalışmada kontrol 
suş olarak C.albicans ATCC 90028 kullanıldı.
Bulgular: C.albicans izolatlarının %88.2’si (n=45) yoğun bakım ünitelerinden alınan örneklerden izole edildi. Örneklerin 26 (%50.9)’sı yaş ortalaması 
68.6±18.29 yıl olan kadın hastalardan, 25 (%49)’i yaş ortalaması 62.22±21.08 yıl olan erkek hastalardan alındı. İzolatların 48 (%94.1)’i kan,1 (%1.96)’i 
beyin omurilik sıvısı, 1 (%1.96)’i steril vücut sıvısı, 1(%1.96)’i peritoneal sıvı kültüründen tanımlandı. Antifungal duyarlılık test sonuçlarına göre türlerin 7 
(%12.2)’si flukonazol, 14 (%27.4)’ü itrakonazol ve 5 (%9.8)’i vorikonazole dirençli bulundu. Toplam 6 (%11.7) örnekte ise çapraz dirence rastlandı.
Sonuç: C.albicans izolatlarında triazollere direncin yanısıra diğer azollere karşı da çapraz direnç saptanmıştır. Bu nedenle uygun tedavi için antifungal duyar-
lılık test sonuçları dikkate alınmalıdır.
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Abstract
Objective: Widespread and repeated use of azoles for prophylaxis or therapy has led to the development of resistance in Candida albicans (C.albicans) 
species. In this study, it was aimed to determine the in vitro resistance rates of C.albicans isolates isolated from sterile body fluid cultures to fluconazole, 
itroconazole and voriconazole.
Material and Methods: Fifty one C.albicans species isolated from sterile body fluid cultures of patients hospitalized in various clinics between January 
2020 and April 2021 were included in the study. Species-level identification was assessed using conventional methods and the BD Phoenix 100 (BD, USA) 
automated identification system. Antifungal susceptibility testing was performed by microdilution method using RPMI medium containing 2% glucose. For 
the triazoles fluconazole, itroconazole and voriconazole, the concentration in the well at which turbidity was reduced significantly (≥50%) was determined as 
the MIC50 value. C.albicans ATCC 90028 was used as control strain.
Results: Eighty-eight point two percent (n=45) of C.albicans isolates were isolated from samples taken from intensive care units. Twenty-six (50.9%) of the 
samples were taken from female patients with a mean age of 68.6±18.29 years, and 25 (49%) from male patients with a mean age of 62.22±21.08 years. Of the 
isolates, 48 (94.1%) was identified from blood, 1 (1.96%) cerebrospinal fluid, 1(1.96%) sterile body fluid, 1(1.96%) peritoneal fluid culture. According to the 
antifungal susceptibility test results; 7 (12.2%) of the species were resistant to fluconazole, 14 (27.4%) to itroconazole, and 2 (3.9%) to 5 (9.8%) voriconazole. 
Cross-resistance was detected in a total of 6 (11.7%) samples.
Conclusion: In addition to resistance to triazoles, cross-resistance was also detected against other azoles in C.albicans isolates. Therefore, antifungal suscep-
tibility test results should be taken into account for appropriate treatment.
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INTRODUCTION

Clinical symptoms of systematic candida infections 
are generally nonspecific and it has been reported that 
due to the delay in starting antifungal treatment morta-
lity rates increase (1). In most clinics, Candida albicans 
(C. albicans) is the main reason for candidiasis. As C. al-
bicans, found in oral, conjunctival, gastrointestinal, and 
genitourinary microbiota, can cause superficial infecti-
on, it can also cause septicemia as a result of invasion.

According to the Centers for Disease Control and 
Prevention data, Candida species are the third most 
isolated microorganisms from blood in the USA (2). In 
Turkey, among the factors causing bloodstream infec-
tion Candida spp. is ranked as third and the Candida 
albicans is ranked as fourth (3).

Preventing and treating the infections caused by the 
Candida species usually necessitates long-term drug use 
(4). Azoles, polyenes, and echinocandins are used as the 
first-line therapy for invasive candidiasis in many hos-
pitals. But in severe infections, due to infusion-related 
side effects and dose-limiting nephrotoxicity, the use of 
polyenes is limited. Azoles inhibit fungus-specific la-
nosterol 14-α-demethylase and prevent the synthesis of 
fungus-specific ergosterol. This provides an advantage 
in terms of use. Azoles are divided into two groups as 
imidazoles (e.g. mycanazole and ketoconazole) and tria-
zoles (e.g. itraconazole, fluconazole, voriconazole). Flu-
conazole resembles ketoconazole in terms of antifungal 
spectrum and mechanism of action and provides a safer 
profile of usage. (1).

In C. albicans species high-level azole resistance mi-
ght occur depending on the infection type and prior 
use of fluconazole (5). C. albicans can easily avoid host 
immune defense through its properties like forming bi-
ofilm and changing its form from yeast to hypal or pseu-
dohyphal form. Up to 1000 times more azole resistance 
has been reported in the biotypes of C. albicans which 
produces biofilm (1). In addition, selection of sponta-
neous mutations, which reduces the susceptibility to 
antifungals, chromosomal abnormalities (aneuploidy), 
alteration in the synthesis of ergosterol and lanosterol 
demethylase (Erg11p) which is the aim of the drug, and 
upregulation or overexpression of efflux pumps are held 
responsible for azole resistance.

Overexpression of efflux pumps has been associated 
with azole resistance, particularly in the early stages of 
biofilm formation in C. albicans (7-9).

In this study, it was aimed to evaluate the susceptibi-
lity of C.albicans isolates isolated from sterile body flui-
ds in a tertiary hospital to triazole antifungals by micro-
dilution method.

MATERIALS AND METHODS

Identification of Candida isolates
In this study, C. albicans isolates obtained from ste-

rile body fluid culture samples sent to Kahramanmaraş 
Sütçü Imam University Microbiology Laboratory for 
routine diagnosis between January 2020 and April 2021 
were included. Blood samples were incubated in the Ba-
ct-ALERT (Biomerieux, USA) automated system. Blo-
od culture bottles with growth signals and other sterile 
body fluid samples were inoculated on 5% sheep blood 
agar (BD, USA), EMB agar (BD, USA), and Saboraud’s 
dextrose agar (HIMEDIA, India) and incubated at 37̊C. 
Yeast appearance was examined in microscopy with 
Gram staining. Germ tube test, growth on Cornmeal 
agar (HIMEDIA, India), chlamydospore formation, pre-
sence of pseudohyphae, and typical green colony appea-
rance on HiCrome™ Candida Differential Agar (HIME-
DIA, India) were evaluated for identification of isolates. 
In addition, species-level identification was performed 
with the BD Phoenix 100 (BD, USA) automated identi-
fication system.

Antifungal Susceptibility Test
Microdilution method was used according to the 

European Committee for Antibiotic Susceptibility 
Testing (EUCAST) recommendations for antifungal 
susceptibility testing. Serial dilutions of fluconazo-
le (0.25-128 µg/mL), itroconazole (0.0156-8 µg/mL) 
and voriconazole (0.0156-8 µg/mL) were performed in 
RPMI medium containing 2% glucose on flat-bottomed 
microplates. Candida suspension was inoculated into 
the wells 1-11 at 0.5 McFarland turbidity setting and a 
final volume of 1-5x105cfu/mL. Distilled water was ad-
ded to well 12 as a negative control.

For fluconazole (FLU), itraconazole (ITZ), and vo-
riconazole (VOR), the concentration in the well where 
turbidity was significantly reduced (≥50%) was conside-
red the MİK50 value.

Based on clinical breakpoints, ≥4 µg/mL was evalu-
ated as resistant (R) for FLU, ≥0.064 µg/mL R for ITZ, 
and ≥0.25 µg/mL R for VOR. C.albicans ATCC 90028 
was used as the control strain in the study.
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Ethics Committee Approval
This study has been approved by Kahramanmaras 

Sutcu Imam University Clinical Research Ethics Com-
mittee in session dated 25.05.2021 with the decision 
number of 03-2021/18 and informed consent from pa-
tients have been obtained. Throughout the research, the 
Helsinki Declaration was adhered to.

RESULTS

C.albicans strains were isolated from intensive care 
units (88.2%), internal clinics (3.9%), and oncology and 
hematology clinics (3.9%), respectively (Figure 1). Of 
the samples, 1 (1.9%) was cerebrospinal fluid, 1 (1.9%) 
was sterile body fluid, 1 (1.9%) was bronchoalveolar la-
vage, and 48 (94.1%) were blood cultures. Twenty-six 
(50.9%) of the samples were taken from female patients 
with a mean age of 68.6±18.29 years, and 25 (49%) from 
male patients with a mean age of 62.22±21.08 years.

Figure 1. Distribution of C.albicans species isolated from 
clinics

MIC50 values were determined as 0.5 µg/mL for FLU, 
0.0625 µg/mL for ITZ and 0.0312 µg/mL for VOR (Tab-
le 1).

Seven (12.2%) of C. albicans isolates were found to 
be resistant to FLU, 14 (27.4%) to ITZ, and 5 (9.8%) to 
VOR. Cross-resistance was found in a total of 6 (11.7%) 
samples (Figure 2).

Figure 2. Resistance rates of C.albicans isolates to triazole 
antifungals (%)
FLU: fluconazole, ITZ: itroconazole, VOR: voriconazole

Of these; two isolates from the same patient were re-
sistant to FLU+ITZ, one isolate to ITZ+VOR, and th-
ree isolates to FLU+ITZ+VOR. MIC50 values of C.albi-
cans ATCC 90028 strain were evaluated as 0.25 µg/mL, 
0.0156 µg/mL and 0.0156 µg/mL for FLU, ITZ and VOR, 
respectively.

DISCUSSION

The increased use of antifungal drugs has placed hi-
ghly selective pressure on fungal species, and resistance 
has occurred in three ways. These are intrinsic resis-
tance, acquired resistance, and clinical resistance (10). 
Acquired resistance usually develops after exposure to 
an antifungal agent and is reversible due to temporary 

 Table 1. MIC ranges, MIC50 and MIC90 values for fluconazole, itroconazole and voriconazole of Candida albicans isolates

Antifungal
Agent

Breackpoints 
(µg/mL)
S                 R

MIC Range
(µg/mL)

MIC 50
(µg/mL)

MIC 90
(µg/mL)

GM
(µg/mL)

Fluconazole ≤2              >4 0.25-32 0.5 4 0.844
Itroconazole ≤0.064 0.0156-1 0.0625 0.25 0.053
Voriconazole ≤0.064       >0.25 0.0156-0.5 0.0312 0.25 0.033
S: Sensitive; R: Resistant; MIC: Minimum inhibitory concentration; MIC50: The minimum inhibitory concentration that inhibits growth of 
microorganisms by 50%; MIC90: Minimum inhibitory concentration that inhibits growth of microorganisms by 90%, GM: Geometric mean
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adaptation in the fungus or may become permanent due 
to one or more chromosomal mutation (10). Clinical 
resistance is defined as the progression of the infection 
despite the initiation of treatment with a sensitive an-
tifungal in vitro (11). Clinical conditions differ signifi-
cantly from in vitro conditions (12). In particular, pa-
tients hospitalized in the intensive care unit are under 
the pressure of both antifungal agents and other drugs. 
Drug interactions could contribute to clinical resistance.

Fluconazole and drugs such as ibuprofen, pyrazina-
mide, amphotericin B or the flavonoid kaempferol may 
have a synergistic effect, while the simultaneous use of 
fluoroquinolones or rifampicin may have an antagonis-
tic effect (1). For these reasons antifungal susceptibility 
testing plays an increasing role in cases of clinical and/or 
in vitro antifungal resistance or increased tolerance (12).

EUCAST and the Clinical Laboratory Standards 
Institute (CLSI) accept microdilution methods as the 
gold standard for antifungal susceptibility testing (13). 
According to EUCAST and CLSI, interpretation diffe-
rences in MIC values could alter resistance results (5). 
In our study, antifungal susceptibility tests were eva-
luated according to EUCAST criteria. In a multicen-
ter study conducted in Switzerland, C. albicans species 
isolated from blood samples at a rate of 61.9% compa-
red to other fungal agents were evaluated according to 
EUCAST and CLSI criteria: FLU resistance was deter-
mined as 0.4% vs 1.6%, and VOR resistance as 0.6% vs 
0.4% (14). Similarly, Lindberg et al. detected C.albicans 
as the most common (65%) fungal agent in blood cul-
tures and found that only one of them was resistant to 
FLU and one isolate to VOR (15). They determined the 
MIC ranges as 0.12-4 µg/mL for FLU, 0.015-0.12 µg/mL 
for ITZ, and 0.008-0.25 µg/mL for VOR. In our study, 
the MIC ranges were 0.25-32 µg/mL for FLU, 0.0156-1 
µg/mL for ITZ, and 0.0156-0.5 µg/mL for VOR. Dalyan 
et al. found that MIC values determined according to 
EUCAST criteria were mostly higher than CLSI criteria 
(16). According to Gulat et al. ITZ resistance was found 
in 4 of 5 fluconazole-resistant Candida albicans isolates 
and none of them reported VOR resistance according 
to CLSI criteria (17). In our study, the highest resistance 
was found to ITZ (27.4%), the lowest to VOR (9.8%), 
and cross-resistance was 11.7% (n=6). On the other 
hand, Coskun et al. found the FLU MIC ranges for C.al-
bicans species isolated from blood and urine samples as 
0.5-64 µg/mL and 0.25-16 µg/mL, respectively (18). In 
a tertiary hospital in Bulgaria, 7 of 61 C.albicans species 

isolated from blood cultures were resistant to all azoles 
(5).

Higher resistance in FLU and ITZ compared to 
VOR, in general, may be attributed to the more frequent 
use of these antifungal agents. FLU is a drug that does 
not require routine monitoring, except for invasive can-
didiasis, treatment of isolates with reduced susceptibi-
lity, and newborns with central nervous system diseases 
(19).

Although the main purpose of antifungal susceptibi-
lity testing is to determine the appropriate therapeutic 
agent, these methods also allow the detection of resis-
tant isolates and the acquisition of local epidemiologi-
cal data. In particular, patients hospitalized in intensive 
care units and receiving long-term azole therapy should 
be monitored due to drug side effects and the risk of se-
lecting strains prone to drug resistance.
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