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Abstract 
Microbiota studies are an increasingly important issue today. In the 

literature, there are limited studies on the antifungal resistance and biofilm 

formation capacity of yeasts isolated from the mouths of young 

individuals. For this reason, our study was carried out with 133 yeast 

isolates isolated from the mouths of 17 young individuals between the ages 

of 18-25 in 2018-2020. When the biofilm-forming capacities of 133 

isolates were examined, it was determined that 99.25% were biofilm 

producers by tissue culture plate method and 66.92% by tube method. One 

hundred thirty-three yeast isolates and seven reference strains were first 

evaluated against fluconazole antifungal by agar disc diffusion method. 

The isolates were found to be susceptible to fluconazole. According to this 

result, 20 isolates with strong biofilm-forming capacity were selected from 

133 yeast isolates. Antifungal resistance was evaluated with fluconazole, 

itraconazole, clotrimazole, amphotericin B and nystatin gradient test 

strips. It was determined that 20 isolates were resistant to amphotericin B, 

and 18 were resistant to nystatin antifungal. It was determined that the 

sensitivity of itraconazole to 14 isolates and clotrimazole to 3 isolates was 

dose-dependent. As a result, azole group antifungals can be used mainly 

in treating oral yeast infections. 

Keywords: Antifungal resistance, biofilm, Candida, gradient test, oral 

yeast 
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Öz 
Mikrobiyota çalışmaları günümüzde önemi giderek artan bir konudur. 

Literatürde genç bireylerin ağızlarından izole edilen mayaların antifungal 

direnci ve biyofilm oluşturma kapasitesi üzerine sınırlı sayıda çalışma 

bulunmaktadır. Bu nedenle çalışma 2018-2020 yıllarında 18-25 yaş arası 

17 genç bireyin ağzından izole edilen 133 maya izolatı ile 

gerçekleştirilmiştir. 133 izolatın biyofilm oluşturma kapasiteleri 

incelendiğinde doku kültürü plak yöntemi ile %99.25'inin, tüp yöntemi ile 

%66.92'sinin biyofilm oluşturduğu belirlendi. 133 maya izolatı ve 7 

referans suş ilk önce agar disk difüzyon yöntemiyle flukonazol 

antifungaline karşı değerlendirildi. İzolatların flukonazole duyarlı olduğu 

bulundu. Bu sonuca göre 133 maya izolatı arasından biyofilm oluşturma 

kapasitesi güçlü 20 izolat antifungal dirençliliğin belirlenmesi için 

seçilmiştir. Antifungal direnç flukonazol, itrakonazol, klotrimazol, 

amfoterisin B ve nistatin gradyan test şeritleri ile değerlendirilmiştir. 20 
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Introduction 

Fungi constitute a small part of the oral microbiota; some species cause dental caries, periodontal 

diseases, and endodontic diseases in the mouth [1-3]. Approximately 75% of healthy individuals carry 

yeast species as a natural commensal of the oral microbiota. However, yeasts of the genus Candida are 

an opportunistic pathogen that can cause acute or chronic infection in some individuals, especially under 

various conditions that compromise host immunity. Candidiasis is the most common form of oral disease 

caused by yeasts of the genus Candida [1-4]. C. albicans is the most common and pathogenic Candida 

species and has been defined as the most common yeast in oral candidiasis. However, other non-albicans 

Candida (NCAC) species may also contribute to the development of oral candidiasis [4]. It has been 

determined that oral candidiasis has increased recently due to various factors such as age, prosthetic use, 

diabetes, cell-mediated immunodeficiency, systemic steroid and antibiotic use, pernicious anemia, 

malignancy, and head and neck radiation therapy. Therefore, the sensitivity of the oral mycobiota to the 

antifungal drugs used in treating these diseases is important. Antifungal agents such as polyenes 

(amphotericin B and nystatin) and azoles (fluconazole, itraconazole, and miconazole) are used to treat 

oral candidiasis. Azole group antifungals are used in oral applications to treat these diseases because 

they are mostly inexpensive and non-toxic. Although the resistance of fungi to polyenes is rare, they can 

gain resistance to the azole group [1-3]. In addition, there is information about increased antifungal 

resistance due to excessive or unconscious use of antifungal agents. Therefore, antifungal susceptibility 

testing is needed for an effective treatment of oral candidiasis [1]. The mouth provides an ideal 

incubation area with the temperature, humidity and nutritive environment required for the reproduction 

and proliferation of microorganisms. Dynamic complex interactions between host and diet lead to the 

colonization of microorganisms in the mouth and subsequent biofilm formation. Biofilm formed on teeth 

or dental materials surfaces has been determined as a virulence factor in forming many oral infections, 

especially dental caries, endodontic and periodontitis [5]. Pathogenic microorganisms have developed 

techniques such as colonization, invasion, and pathogenesis, which will contribute to their virulence, 

many of which are for survival and species continuity. Many virulence factors, such as hemolysis, 

extracellular hydrolase production, phenotypic change, and adhesion, affect the pathogenesis of 

Candida species. In addition, they produce large amounts of sticky substances in glucose-containing 

environments. Biofilm formation is also an important factor contributing to the virulence of Candida 

species. Biofilms of Candida species are often found on biomaterial implants, the host surface and in 
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izolatın amfoterisin B'ye, 18 izolatın ise nistatin antifungaline karşı 

dirençli olduğu belirlenmiştir. İtrakonazolün 14 izolata ve klotrimazolün 

3 izolata duyarlılığının doza bağımlı olduğu tespit edilmiştir. Sonuç 

olarak, azol grubu antifungaller ağırlıklı olarak oral maya 

enfeksiyonlarının tedavisinde kullanılabilir. 

Anahtar Kelimeler: Antifungal direnç, biyofilm, Candida, gradiyent test, 

oral maya. 
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normal sites where they can more easily help escape host defense. They cause persistent infections as 

they escape the host defense mechanism. Its extensive biofilm-forming ability on catheters and other 

prosthetic devices contributes to its prevalence as an etiologic agent of intravascular nosocomial 

infection. Antifungal-resistant Candida species producing biofilms pose a major challenge for 

healthcare professionals and pharmaceutical companies, especially in designing therapeutic and 

prophylactic strategies. In addition, it causes economic losses due to failure in treatment, high mortality 

and long-term hospital stay [6-9]. Biofilm formation provides various advantages to microorganisms, 

such as environmental protection, nutrient availability, metabolic cooperation, and the acquisition of 

new properties [6-9]. Most importantly, biofilm formation protects microorganisms against natural 

immunological defences and causes resistance to antimicrobial drugs [10, 11]. Depending on limited 

nutrients, slow growth and stress conditions, the regulation of cell metabolism and cell density of 

microorganisms change. This contributes to biofilm resistance. These properties are very important as 

it is estimated that approximately 65% of human infections caused by microorganisms contain biofilm 

[11, 12]. Additionally, biofilm-producing species have been associated with the death of infected 

patients [11, 13-15]. For example, Candida cells that survive in prostheses after chemical or mechanical 

treatment form a biofilm in the presence of nutrients, causing a relapse of chronic infection [10, 11]. In 

addition, the oral cavity contains a wide variety of microbial species. Microbiota can interact intensely 

as the biofilm structure is formed to perform physiological functions and induce microbial pathogenesis 

[11, 16-18]. Biofilm-producing microorganisms are responsible for many persistent infections, and 

biofilm-associated diseases pose a significant problem in society, both economically and health-wise. 

However, an almost universal feature of biofilms is their resistance to chemical and physical injury, i.e., 

resistance to antibiotics and antifungals by various methods, including limited drug penetration to 

microorganisms, reduced growth rate, and expression of resistance genes. Therefore, it makes it very 

difficult to fight in clinical settings and is a burden that must be overcome regarding human health [5, 

7, 9, 11, 19-21]. The role of bacterial biofilms in disease has been investigated in detail for several years, 

and there is substantial literature on their structure and properties. Since biofilm formation provides 

resistance to antimicrobial agents, the biofilm-forming capacity of Candida species, which are 

opportunistic pathogens, is critical for infection. Therefore, further recognition and understanding of 

Candida biofilms are crucial in studying human candidiasis. Studies on oral yeast load and yeast 

diversity in young individuals are limited in the literature. Özcan Ateş [22] has brought new information 

to the literature on the subject between 2018 and 2020. There is no information in the literature about 

the antifungal resistance and biofilm formation capacity of yeasts isolated from the oral mycobiota of 

young individuals. Studies in the literature have generally determined the antifungal resistance and 

biofilm-forming capacity of fungi isolated from individuals with various diseases. Therefore, this study 

aims to determine the antifungal resistance and biofilm formation capacity of yeast isolates isolated from 

the mouths of young individuals. 
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Materials and Methods 

Sampling 

The study obtained 133 yeast isolates identified by matrix-assisted laser desorption ionization time-of-

flight mass spectrometry (MALDI-TOF MS) from 17 participants aged 18-25. Yeast isolates in stock 

culture were resuscitated at 37°C using Sabouraud Dextrose Broth (SDB) (NCM0147, Neogen, USA) 

medium. Candida genus isolates were cultivated on HiCrome™ Candida Differential Agar (M1297A, 

Himedia, India) medium, and Wickerhamomyces subpelliculosus (Kurtzman) Kurtzman, Robnett & 

Bas.-Powers and Pichia manshurica Saito (1914) isolates were cultivated on Sabouraud Dextrose Agar 

(SDA) medium (NCM0147, Neogen, USA) and their purity was checked.  

Determination of Biofilm Forming Capacity by Congo Red Agar (CRA) Method 

Congo Red Agar (CRA) method was performed as described in previous studies [7-9, 23]. Yeast isolates 

were first taken from the stock cultures, cultured in SDA medium, and incubated for 24 hours at 37°C. 

Then each culture was inoculated into CRA medium (Congo red 0.8 g/L (HiMedia, India), Brain Heart 

Infusion Broth 37 g/L (Oxoid, England), Agar 10 g/L (Liofilchem, Italy), Sucrose 50 g/L) and incubated 

at 37°C for 24–48 h. After incubation, black or purple-coloured colonies with a dry crystal consistency 

were interpreted as positive biofilm-producing strains and red-coloured colonies as negative for biofilm 

production. This analysis was carried out in triplicate. 

Determination of Biofilm Forming Capacity by Tube Method (TM) 

A qualitative assessment of biofilm formation was performed as described in previous studies [7, 9, 24]. 

Stock yeast cultures were resuscitated in 5 mL of SDB medium. 10 µL of resuscitated culture was 

cultivated SDB containing 8% glucose and incubated at 37°C for 48 hours. After incubation, the tubes 

were emptied, washed with Phosphate Buffered Saline (PBS) (pH-7.2), and dried. The tubes were 

stained with 0.1% v/v crystal purple (HiMedia, India). Tubes were washed with deionized water to 

remove excess dye. The tubes were then dried in the inverted position for biofilm determination. Biofilm 

formation was considered positive when visible film covered the wall and bottom of the tube. Ring 

formation at the liquid interface was not considered biofilm. The tube containing only sterile SDB was 

used as a negative control. This analysis was carried out in triplicate. 

Determination of Biofilm Forming Capacity by Tissue Culture Plate (TCP) Method 

(Crystal Violet Method) 

Quantitative biofilm formation was evaluated by modifying the methods described by Muadcheingka 

and Tantivitayakul [25] and Kıvanç and Er [26]. Yeast isolates were resuscitated overnight at 37°C in 5 

mL of medium. Revived cultures were adjusted to OD600 = 1.0 (107 cells/mL) in an SDB medium 

containing 8% glucose. Then, 200 µL of inoculated SDB medium containing 8% glucose was added to 
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the wells of 96-well flat-bottom microplates. Microplates were incubated at 37°C for 48 hours. After 

incubation, the microplates were washed 3 times with sterile physiological saline (PS, 0.85% NaCl). 

After washing, 200 µL of 99% methanol (Merck, Germany) was added for fixation and incubated for 

15 minutes. The plates were then emptied and dried at room temperature. Afterwards, 200 μL of 1% 

(v/v) crystal violet was added to each well and incubated for 15 minutes. After incubation, the 

microplates were washed twice with sterile distilled water, and the plates were dried at room 

temperature. Then, 200 µL of 33% acetic acid (Merck, Germany) was added to the plates and evaluated 

in a microplate reader (Thermo Multiscan FC) at 570 nm. Biofilm formation was evaluated with the 

following formula: no biofilm production (ODs ≤ ODnc), weak biofilm production (ODnc <ODs ≤ 

2.ODnc), moderate biofilm production (2.ODnc < ODs ≤ 4.ODnc), and strong biofilm production (4.ODnc 

< ODs) [27]. The study was carried out in two parallels and three repetitions. 

Antifungal Disk Diffusion Method 

In vitro antifungal resistance of 133 resuscitated isolates against fluconazole (25 mcg) (SD232-5CT, 

Himedia, India) antifungal disc according to NCCLS M44-A [28] standard method Mueller-Hinton Agar 

+ 2% Glucose, 0.5 μg/mL Methylene Blue Agar (MHA+GMB) (M1825, Himedia, India) medium. To 

compare the antifungal resistance of the isolates, C. albicans (C.P. Robin) Berkhout ATCC 10231, C. 

albicans ATCC 14053, C. albicans ATCC 24433, C. albicans ATCC 90028, Candida tropicalis 

(Castell.) Berkhout ATCC 1021 Candida parapsilosis (Ashford) Langeron & Talice ATCC 22019, 

Cryptococcus neoformans var. grubii Franzot et al. ATCC 90112 were used as reference strains. The 

isolates were first resuscitated from stock cultures by seeding in an SDA medium and incubating 

overnight at 37°C. The inoculum of the resuscitated isolates was adjusted to 0.5 McFarland (1-5x106 

cells/mL) with a McFarland densitometer with PS. Within 15 minutes after adjusting the turbidity of the 

inoculum suspension, the suspension was inoculated with a sterile cotton swab (swab) by rubbing the 

swab evenly over the entire agar surface of the dried surface of the MHA+ GMB petri plate. Fluconazole 

antifungal disc was placed on the agar surface 15 minutes after inoculation. The plates were then 

incubated at 37°C for 24 hours. Poorly grown ones were incubated for 48 hours. After incubation, zone 

diameters were measured with a caliper (KMP150, OEM, CHINA). The study was carried out in 2 

parallels. 

Determination of Minimum Inhibitory Concentration of Antifungal Agents by Gradient 

Test 

Since 133 isolates were determined to be susceptible to fluconazole by the in vitro agar disc diffusion 

method, 20 isolates known as strong biofilm producers were selected to determine the Minimum 

Inhibitory Concentration (MIC). Fluconazole (0.016-256 mcg/mL, EM072, Himedia, India), 

itraconazole (0.002-32 mcg/mL, EM073, Himedia, India), clotrimazole (0.002-32 mcg/mL, EM144, 
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Himedia, India), nystatin (0.002-32 mcg/mL, EM145, Himedia, India) and amphotericin B (0.002-32 

mcg/mL, EM071, Himedia, India) gradient test strips were performed to determine MIC values as 

specified in CLSI M27-A2 [29]. The inoculum suspension was adjusted as previously described. Within 

15 minutes after adjusting the turbidity of the inoculum suspension, the suspension was inoculated with 

a sterile cotton swab (swab) by rubbing the swab evenly over the entire agar surface onto the dried 

surface of the petri plate containing RPMI 1640 agar containing 0.165 M MOPS + 2% glucose (M1972, 

Himedia, India). Fifteen minutes after inoculation, antifungal gradient test strips were placed on the 90 

mm diameter agar surface as 1-2 pieces. The plates were then incubated at 37°C for 24 hours. Poorly 

grown ones were incubated for 48 hours. After incubation, MIC values were determined. Results were 

compared in line with NCCLS guidelines and previous studies. 

Statistical Analysis 

In evaluating the data, the Chi-square homogeneity test and the one-way and two-way analysis of 

variance were performed using SPSS Package Program (v23.0, IBM Corp) at a significance level of 

0.05. Results are given as mean (M) ± standard deviation (sd). 

Results 

The biofilm-forming capacities of 133 yeast isolates isolated from the mouths of healthy young 

individuals were evaluated by three different methods: Congo Red Agar (CRA), Tube Method (TM) 

and Tissue Culture Plate (TCP) method. Comparisons of the methods used for biofilm formation 

determination of yeast isolates in three different methods are given in Table 1. 

Table 1. Comparison of the methods used to determine the biofilm-forming capacity of isolates at the 

species level 

Species CRA 

TM TCP 

Weak 
Moderately 

strong 
Strong Weak 

Moderately 

strong 
Strong 

C. albicans 2 29 2 0 42 10 4 

C. dubliniensis 2 18 4 4 16 13 11 

C. parapsilosis 0 2 6 19 2 0 27 

C. inconspicua 0 2 0 0 0 1 2 

P. manshurica 0 3 0 0 0 0 3 

W. subpelliculosus 0 0 0 0 0 0 1 

Total 4 54 12 23 60 24 48 

As seen in Table 1, oral yeast isolates were composed of 43.60% C. albicans, 30.08% C. 

dubliniensis, 21.05% C. parapsilosis, 2.26% C. inconspicua, 2.26% P. manshurica and 0.75% 

W. subpelliculosus. It was determined that C. dubliniensis and C. parapsilosis were the most isolated 

species from 71 isolates of NCAC species, respectively. While it was determined that 47 isolates were 

strong and 24 isolates were moderately strong biofilm producers by the TCP method, 23 isolates were 
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determined to be strong biofilm producers, and 12 isolates were moderately strong biofilm producers by 

the TM method. In the CRA method, only four isolates were identified as biofilm producers. The 

comparison of the biofilm-forming capacities of 133 isolates at the species level with the TCP method 

is given in Figure 1. 

 

Figure 1. Comparison of biofilm-forming species with the TCP method 

When the biofilm-forming capacities of the isolates were investigated, it was found that 99.25% of the 

isolates were biofilm producers with TCP, and 66.92% were biofilm producers with TM. 53.45% and 

65% of C. albicans and C. dubliniensis isolates were biofilm producers by TM and 98.28% and 100% 

by TCP, respectively. For C. parapsilosis, 92.86% with TM and 100% with TCP were observed to be 

biofilm producers. The chi-square homogeneity test was used to find whether it varies according to the 

TM and TCP method used to determine the biofilm-forming capacity of the orally isolated species. As 

a result, the Pearson Chi-Square value was detected as χ2=3.271 and degrees of freedom (v=5). It was 

determined P=0.658 and found that it did not differ according to the TM and TCP method used in 

determining the species and biofilm-forming capacity (P>0.05). Regarding antifungal resistance, 133 

isolates and seven standard strains were first evaluated against fluconazole antifungal by agar disc 

diffusion method. As a result, 133 yeast isolates were sensitive to fluconazole. Regarding antifungal 

resistance, 133 isolates and seven standard strains were first evaluated against fluconazole antifungal by 

agar disc diffusion method. As a result, it was determined that 133 yeast isolates were sensitive to 

fluconazole. The minimum and maximum values for fluconazole based on species are given in Table 2 

in mm. Reference strains were also evaluated to assess the quality control range for antifungal resistance. 

Disk diffusion results of reference strains are shown in Table 3. 
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Table 2. Maximum and minimum values in mm against fluconazole (FLC) antifungal 

Species (n) max  min  

C. albicans (58) 45.16 20.24 

C. dubliniensis (40) 44.79 28.07 

C. parapsilosis (28) 51.01 20.81 

C. inconspicua (3) 38.36 27.87 

P. manshurica (3) 36.42 32.93 

W. subpelliculosus (1) 33.69 33.69 

As seen in Table 2, C. albicans and C. parapsilosis isolates against fluconazole antifungal have a 

minimum inhibition zone of 20.24 and 20.81 mm and a maximum of 45.16 and 51.01 mm, respectively. 

While the minimum inhibition zone values of C. dubliniensis and C. inconspicua isolates against 

fluconazole are close to each other, their maximum values differ. On the other hand, there is no big 

difference between the minimum and maximum inhibition zones of P. manshurica isolates against 

fluconazole. 

Table 3. Quality control zone diameters (in mm) recommended by CLSI for fluconazole (FLC) 

antifungal and detected in our study 

Referans strains FLC (25 µg) FLC (25 µg) (CLSI) 

C. albicans ATCC 10231 38.33±0.62 - 

C. albicans ATCC 14053 39.47±0.57 - 

C. albicans ATCC 24433 37.57±0.31 - 

C. albicans ATCC 90028 37.97±0.57 28-39 

C. parapsilosis ATCC 22019 32.25±0.52 22-33 

C. tropicalis ATCC 1021 27.77±0.26 - 

Cryptococcus neoformans ATCC 90112 37.79±0.01 - 

Table 3 shows that the fluconazole antifungal used in the study was within the specified standards as a 

result of the evaluation with reference strains. Zone diameters regarding the participants and species are 

given in Figure 2. As a result of the statistical analysis made considering the participant and the species, 

it was determined that the inhibition zones against fluconazole (P=0.000) antifungal were statistically 

significant. As a result of determining that all isolates were susceptible to fluconazole by agar disc 

diffusion, 20 isolates, which are strong biofilm producers, were selected to determine their resistance to 

itraconazole, clotrimazole, amphotericin B and nystatin antifungals. The resistance of 20 isolates to 

itraconazole, clotrimazole, amphotericin B, and nystatin antifungals was evaluated with gradient test 

strips, and antifungal resistance was expressed as the MIC against each isolate. MIC values against 20 

isolates and 2 quality control strains, which are strong biofilm producers, are given in Table 4.  
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Figure 2. Fluconazole zone diameters in mm against participant and yeast strain 

Table 4. MIC values (in µg/ml). 

Isolates 

No 
Species Fluconazole Itraconazole Clotrimazole Amphotericin B Nystatin 

S106 C. albicans 0.25 * 0.50* 0.38 4 >32 

S111 C. albicans 0.25* 0.50* 0.25 4 >32 

S131 C. dubliniensis 0.125 0.125 0.008 1 12** 

S138 C. dubliniensis 0.50 0.38 0.023 8** >32 

S144 P. manshurica 8* 4* 0.125 2 8** 

S145 C. albicans 0.75 0.25 0.023 8 >32 

S148 C. parapsilosis 0.75 0.38 0.032 12 >32 

S150 C. parapsilosis 1 0.38 0.032 8 >32 

S154 C. dubliniensis 0.25 0.38 0.023 8** >32 

S161 C. parapsilosis 1.5 0.50 0.023 8** >32 

S164 C. parapsilosis 1.5 0.50 0.023 2 >32 

S168 C. parapsilosis 0.75 0.50 0.016 12 >32 

S207 C. dubliniensis 0.25 0.19 0.012 16 >32 

S210 C. dubliniensis 0.25 0.25 0.012 16 >32 

S216 C. parapsilosis 0.75 0.38 0.023 8 >32 

S306 C. parapsilosis 0.25 0.125 0.012 16 >32 

S308 C. parapsilosis 0.25 0.125 0.012 8 >32 

S318 C. parapsilosis 0.125 0.19 0.016 8 >32 

S342 W. subpelliculosus 1.5 0.19 0.023 12 >32 

S470 C. albicans 1 0.25 0.38 4 >32 

- 
C. albicans ATCC 

90028 
0.38* 0.19* 0.125* 8 32 

- 
C. parapsilosis 

ATCC 22019 
0.25* 0.19* 0.125* 2 6** 

*detachable microcolonies, **small ellipse, resistant isolates 
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Table 4 shows that 20 isolates that are strong biofilm producers and 2 quality control strains are 

susceptible to fluconazole antifungal.It was determined that 14 isolates were sensitive to itraconazole, and 

3 were dose-dependent on clotrimazole antifungal. On the other hand, all tested isolates were found to be 

resistant to amphotericin B and nystatin antifungal. The obtained MIC values were interpreted according 

to NCCLS guidelines and previous studies [1, 4, 29-33], and the values are given in Table 5. 

Table 5. Interpretation of MIC values according to NCCLS guidelines and previous studies 

Antifungal agents 
Interpretation criterion (µg/mL) 

Susceptible Susceptible-dose dependent  Resistant 

Flukonazole ≤ 8 µg/mL 16–32 µg/mL ≥ 64 µg/mL 

Itrakonazole ≤ 0.125 µg/mL 0.25-0.5 µg/mL ≥ 1 µg/mL 

Klotrimazole ≤ 0.125 µg/mL* 0.25-0.5 µg/mL* ≥ 1 µg/mL* 

Amphotericin B ≤ 1 µg/mL - > 1 µg/mL 

Nystatin - - ≥ 16 µg/mL 

* Evaluated by the manufacturer's recommendations. 

When the standard strains and the interpretation criteria given in Table 5 are evaluated, the azole group 

antifungal results show the accuracy of the tests. However, the quality control results of amphotericin B 

and nystatin gradient tests are out of the manufacturer's results. Therefore, although 18 of 20 isolates 

were resistant to nystatin and 19 of 20 were resistant to amphotericin B, different methods must confirm 

these values. 

Discussion 

In this study, the biofilm-forming capacity of yeast isolates obtained from 17 participants aged 18-25 

was examined by 3 different methods. It was determined that the most sensitive method among the 

applied methods for determining the biofilm formation potential was TCP, followed by TM and CRA 

methods. The results of this study are consistent with the results of the studies by Gogoi et al. [34] and 

Shrestha and Shakya [9]. Gogoi et al. [34] identified 115 bacterial isolates from different clinical 

samples, such as blood, and urine from urinary catheters, endotracheal tubes, tracheal aspirates, and 

drainage catheters by standard microbiological methods. The isolates they identified and non-biofilm-

forming Escherichia coli (ATCC 25922) and Staphylococcus aureus (ATCC 25923) and biofilm-

forming Pseudomonas aeruginosa (ATCC 27853) cultures were evaluated by TCP, TM and CRA 

methods in determining the biofilm formation. They determined that TCP, TM and CRA methods were 

61.7%, 41.7% and 18.2% in determining the biofilm-forming capacity of the isolates. In another study, 

Shrestha and Shakya [9] investigated the biofilm-forming capacities of 42 C. albicans isolates, which 

they isolated from 200 oral rinse samples collected with 10 mL of sterile PS for 1 minute, using three 

different methods. They defined the isolated C. albicans cultures according to their colony 

characteristics, simple staining, germ tube and chlamydospore characteristics. With the CRA method, 

they determined that 16 isolates were strong and moderate biofilm producers, while 26 isolates were 
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weak or not biofilm producers. They calculated that the sensitivity of the CRA method was 27.77%, the 

specificity was 16.66%, and the accuracy was 21.42%. They determined that 18 isolates were strong 

and medium biofilm producers, and 24 were not weak or biofilm producers in the TM method. They 

calculated that the sensitivity of the TM method was 71.4%, the specificity was 62.85%, and the 

accuracy rate was 64.28%. In the TCP method, they determined that 29 isolates were strong and 

moderate biofilm producers, and 13 isolates were weak or not biofilm producers. They stated that the 

TCP method is more sensitive, specific and accurate for quantitative biofilm screening than the TM and 

CRA methods. Comparing the results of this study with other studies, a high similarity is observed. In 

the study, 132 of 133 yeast isolates were found to be biofilm producers with TCP, while 89 isolates with 

TM were determined to be biofilm producers. As a result, it was determined that TCP is more sensitive 

in evaluating the biofilm-forming capacity of orally isolated yeasts. As a result of the study, it was 

determined that especially NCAC species isolated from the mouth are strong biofilm producers, while 

only 6.70% of C. albicans isolates are strong biofilm producers. The study results are similar to those 

of Pathak et al. [35] and Mohandas and Ballal [36]. Pathak et al. [35] evaluated biofilm formation on 

the surface of dental acrylic resin strips of single-species and multi-species combinations of C. albicans 

and NCAC. They isolated Candida isolates from many oral candidiases of neutropenic patients. After 

growing the isolates in an 8% glucose SDB medium, they were evaluated with crystal violet. As a result, 

they determined that single species (C. glabrata > C. krusei > C. tropicalis > C. albicans) and multi-

species combinations (highest for C. albicans and C. glabrata and lowest for all four species 

combinations) had the biofilm-forming ability. The biofilm-forming ability of NCAC isolates was 

higher than C. albicans isolates isolated from multi-species oral candidiasis of neutropenic patients. 

Mohandas and Ballal [36] determined by the TM method that 81 (73%) of 111 Candida isolates out of 

250 different clinical samples from patients treated in hospitals and nursing homes produced biofilms. 

They found that only 51% (25/49) of C. albicans isolates produced biofilm. They determined that NCAC 

species such as C. krusei and C. tropicalis formed stronger biofilms than C. albicans. Many protocols 

and media are in the literature for evaluating biofilm formation. Studies on media used to evaluate the 

biofilm formation of Candida species are available in the literature. Weerasekera et al. [37] evaluated 

the biofilm-forming capacity of C. albicans and C. tropicalis isolates using MTT and crystal violet (CV) 

methods in three different media (RPMI 1640, SDB, and yeast nitrogen base (YNB)). Researchers found 

that mono or dual growth was highest in SDB (20 g/L) medium with high sugar content, followed by 

YNB (18 g/L) and RPMI 1640 (2 g/L glucose) mediums. In addition, they determined that C. tropicalis 

species exhibited maximum adhesion in the YNB medium containing 100 mM glucose, while C. 

albicans and mixed Candida species achieved maximum adhesion with RPMI 1640 medium. 

Researchers stated that the medium is important in determining the biofilm-forming capacity of Candida 

species and that the methods should be standardized in this regard [37-39]. Mimicking the composition 

of human fluids rich in amino acids, RPMI 1640 medium is a rich medium containing many different 
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components, including high concentrations of L-Glutamine, L-Arginine, L-Asparagine, as well as 

vitamins and inorganic salts. [37, 40]. However, the glucose content of the RPMI 1640 medium is quite 

low compared to SDB and YNB mediums. For this reason, higher planktonic growth occurs in SDB 

medium with high glucose content compared to other mediums. On the other hand, SDB and YNB media 

are not rich in amino acids like RPMI 1640 media. However, the amino acid-rich composition of RPMI 

1640 medium may promote a favourable biofilm formation. In addition, RPMI 1640 medium is 

recommended according to the NCCLS M27-A3 protocol for evaluating antifungal agents against 

planktonic cells [37]. Konecná et al. [41] investigated the effect of four different culture media on the 

biofilm biomass formation of Candida genus yeasts. Due to their clinical importance, they focused on 

C. albicans isolates in their studies. As a result, they stated that the presence of other components, such 

as amino acids or proteins, in the culture medium, along with glucose, helps to promote the transition of 

Candida yeasts to a stable form. They found that in vitro intact biofilm formation was increased, 

especially in C. albicans isolates, especially in the medium supplemented with fetal bovine serum (FBS). 

They stated that a culture medium with 10 g/L glucose and 10% (v/v) FBS added is important for the 

biofilm production of C. albicans isolates in vitro. Considering the Konecná et al. [41] study, this study 

used SDB containing 8% glucose. Especially C. parapsilosis strains were determined to be strong 

biofilm producers in vitro. For this reason, analyses were performed using an SDB medium containing 

8% glucose in the study. The agar disc diffusion method evaluated the antifungal resistance of 133 yeast 

isolates according to the NCCLS M44-A standard. Then, considering the agar disc diffusion results, the 

resistance of 20 yeast isolates to 5 antifungal agents was investigated according to the NCCLS M27-A 

standard by selecting isolates with strong biofilm-forming ability. Accordingly, 20 yeast isolates and 

two quality control strains isolated from the mouths of healthy young individuals and determined to be 

strong biofilm producers were found to be susceptible to fluconazole antifungal. It was determined that 

14 isolates were sensitive to itraconazole, and three were dose-dependent on clotrimazole antifungal. 

However, it was determined that the results of the amphotericin B and nystatin gradient tests were 

outside the MIC values determined by the manufacturer's recommendations in control of the quality 

control strains. Therefore, these values need to be verified by different methods. Kuriyama et al. [4] 

obtained 618 Candida isolates from 559 patients admitted to Dental Hospitals in Cardiff, Glasgow, 

Belfast and London (Eastman) between 2000-2003. They evaluated the antifungal resistance of these 

isolates against amphotericin B, nystatin, fluconazole, itraconazole, ketoconazole, miconazole, and 

voriconazole using NCCLS M27-A guide broth microdilution method. They determined that 521 of the 

isolates they obtained were C. albicans, and 0.3% were resistant to fluconazole. They determined that 

the remaining 97 isolates were NCAC (C. glabrata, C. krusei, C. parapsilosis, C. tropicalis, other 

Candida sp.) species. They found that both C. albicans and NCAC isolates were susceptible to 

ketoconazole, miconazole and voriconazole antifungals. They determined that 23.7% of C. glabrata 

isolates were resistant to itraconazole. They reported little difference in the antifungal susceptibility of 
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Candida species isolated from patients who used and did not use antifungals before. Dhanasekaran et 

al. [42] evaluated 30 Candida isolates they isolated from dental plaque in terms of antifungal resistance 

against six clinically important antifungal agents such as amphotericin b, nystatin, clotrimazole, 

fluconazole, ketoconazole, and itraconazole by agar disc diffusion method. As a result, they determined 

that biofilm-forming isolates were significantly resistant to antifungal drugs compared to non-biofilm-

forming Candida isolates. In our study, the antifungal susceptibility of only biofilm producer isolates 

was evaluated, and it was determined that they were susceptible to the azole group. The broth 

microdilution reference method, used to determine the MIC values of antimicrobial agents and adapted 

by CLSI, is a complex and time-consuming method to apply in the laboratory. Therefore, the gradient 

test method used to determine MIC values is the simple disk diffusion method. The results of this method 

have been used recently because they are compatible with liquid microdilution [1]. Koga-Ito et al. [43] 

evaluated the resistance to amphotericin B, 5-flucytosine, fluconazole, and itraconazole antifungals of 

30 C. albicans isolated from denture-associated oral candidosis patients and 30 C. albicans isolates from 

control individuals using the CLSI reference method and gradient test method. The researchers found 

that the agreement between the two methods was 66.67% for amphotericin B, 65% for flucytosine, 

53.33% for fluconazole, and 45% for itraconazole. The researchers stated that the gradient test method 

could be an alternative to the routinely used susceptibility test due to its simplicity and similarity of 

sensitivity. Song et al. [1] determined the antifungal resistance of 39 C. albicans, 5 C. glabrata and 3 C. 

tropicalis isolates they isolated from 45 patients with oral candidiasis and the C. albicans ATCC 90028 

reference strain using the gradient test method. The MIC values against fluconazole, itraconazole, 

voriconazole and amphotericin B antifungals were determined by gradient test after 24 hours of 

incubation of each isolate on RPMI 1640 agar. They found that all Candida isolates were susceptible to 

amphotericin B and voriconazole. However, they determined that all five C. glabrata isolates were 

resistant to itraconazole, and two were resistant to fluconazole. In conclusion, the gradient test is a 

simple and effective method for antifungal susceptibility testing of Candida species isolated from 

patients with oral candidiasis. The results stated that amphotericin B and voriconazole are effective 

alternatives in treating oral candidiasis. Therefore, in our study, the sensitivity of biofilm producer yeasts 

isolated from the mouths of healthy individuals to antifungals was determined by a gradient test. CLSI 

has determined a cut-off value (ECV) for some Candida (C. albicans, C. glabrata, C. krusei, C. 

parapsilosis, and C. tropicalis) species by evaluating the results of epidemiological studies. 

Accordingly, these Candida species were determined as S≤2 and R>4 mg/ml for fluconazole and S≤1 

and R>1 mg/mL for amphotericin. In itraconazole antifungal, S≤0.06 and R>0.06 mg/mL for C. 

albicans, C. dubliniensis and S≤0.125 and R>0.125 mg/mL for C. parapsilosis and C. tropicalis [44]. 

In line with these values, it was determined that 20 isolates were resistant to itraconazole and 

amphotericin B antifungals and sensitive to fluconazole antifungals. However, MIC values of 

amphotericin B antifungal need to be confirmed. 
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Conclusion 

In summary, it was determined that the sensitivity of the TCP method, one of the three methods used to 

evaluate biofilm formation, is high. It was determined that 99.25% of the isolates formed biofilms with 

TCP. MICs of antifungals for oral yeast strains could be determined quickly and successfully against 

azole antifungals, except for amphotericin B and nystatin antifungals, using a simple gradient test 

method. In conclusion, biofilm formation as a virulence factor is important for human health, and more 

research is needed on opportunistic pathogenic fungi species found in both healthy and diseased 

individuals. In addition, further studies with more clinical isolates are required to investigate the 

antifungal resistance tendency in sick and healthy individuals. Finally, it is necessary to investigate the 

resistance of yeasts isolated from the mouths of diseased and healthy individuals to antifungals after 

forming a biofilm. 
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