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ABSTRACT  

Background and objectives: The pathogenic species that is most frequently isolated from fungus 

infections is Candida albicans. The host's immune system, the severity of the infection, and the antifungal 

medication of choice all influence the management of these infections. Despite the advancement of novel 

antifungal medications, epidemiological investigations have demonstrated that resistance to antifungal 

agents in C. albicans strains is becoming a significant issue. The aims of this study were to (I) determine 

the prevalence of antifungal resistance in 53 oral Candida albicans isolates and (II) investigate the effect 

of biofilm production capacity on antifungal resistance rates. 

Methods: Fifty-three isolates of Candida albicans were evaluated for biofilm production using the Tissue 

Culture Plate Method (TCPM). The antifungal susceptibility pattern of these isolates for amphotericin B, 

caspofungin, anidulafungin, voriconazole, itraconazole, ketoconazole, and posaconazole was determined 

using the E-test. 

Results: The present study showed strong, moderate, weak, and negative biofilm production in 18.9%, 

34.0%, 26.4%, and 20.8% of the C. albicans isolates, respectively. Amphotericin B, anidulafungin, and 

caspofungin effectively inhibited all of the tested isolates. The resistance rates of C. albicans isolates to 

fluconazole, itraconazole, ketoconazole, voriconazole, and posaconazole were 35.8%, 20.7%, 37.7%, 

13.2%, and 20.7%, respectively. Strong and moderate biofilm-producing isolates displayed higher 

resistance rates compared to weak and negative biofilm producers. The majority of antifungal treatments 

showed a significant difference (p <0.05)". 

Conclusion: Our results suggest that the study area has a higher prevalence of azole-resistant Candida 

albicans. Thus, there is an urgent need to develop a plan to decrease the overuse and unneeded adverse 

effects of antifungal medications. Testing for antifungal susceptibility and fungus culture will be helpful in 

monitoring resistance and providing therapy for patients. It was observed that the development of Candida 

albicans biofilms was correlated with the drug resistance component of oral Candida albicans isolates. 

In vitro sensitivity of Candida albicans isolates to antifungal agents and 

the effect of biofilms on the drug resistance rate 
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1. Introduction:   

 

Fungal infections have increased over the past 

few decades due to the extensive use of 

corticosteroids, immunosuppressive drugs, 

antineoplastic medicines, and broad-spectrum 

antibiotics [1-3]. The pathogenic species that is 

most frequently isolated from these fungal 

infections is Candida albicans [4]. The host's 

immune system, the severity of the infection, 

and the antifungal medication of choice all 

influence how these infections are treated [5]. 

Novel antifungal medications have been created 

recently and put into clinical practice to treat 

fungal infections. Despite the advancement of 

novel antifungal medications, epidemiological 

investigations have demonstrated that treatment 

resistance in C. albicans strains is becoming a 

significant issue [6, 7]. The pathophysiology of 

candidiasis depends on the development of 

virulence factors such as adhesions, germ tube 

formation, phenotypic switching, biofilm 

formation, and the production of hydrolytic 

enzymes [8–10]. Candida albicans-related 

disorders are mostly caused by biofilm 

development. Biofilms are made up of 

microorganisms that grow complex three-

dimensional structures on both biotic and 

abiotic surfaces while embedded in extracellular 

matrix (ECM) [11]. Biofilms have the ability to 

form on mucosal surfaces as well as the plastic 

surfaces of indwelling devices [12–14]. 

The most used class of antifungal medications is 

triazoles [3]. However, azole resistance in 

Candida species has emerged as a result of 

increased usage of triazoles in both empiric and 

preventive therapy [6]. Fluconazole resistance 

rates in C. albicans isolates have been found to 

be higher in numerous investigations [15, 16]. 

The more recent triazoles, posaconazole and 

voriconazole, exhibit broad-spectrum efficacy 

against molds and yeasts, including fluconazole-

resistant Candida spp. [17,18]. Cross-resistance 

has been documented despite the fact that 

voriconazole and posaconazole are effective 

against fluconazole-resistant Candida spp. 

[18,19]. 

Given the frequent reports of treatment failure 

and rising antifungal resistance rates in C. 

albicans strains, in vitro antifungal 

susceptibility testing is a crucial technique for 

choosing an appropriate antifungal medication 

[15–17, 20–21]. Characterizing the alterations 

in C. albicans strains' antifungal sensitivity 

patterns is another benefit of antifungal 

susceptibility testing. For assessing the in vitro 

susceptibilities of Candida species to the azoles, 

amphotericin B, and caspofungin, the agar-

based Etest is a valuable technique [22–25]. 

The current study aims are to isolate Candida 

albicans from bucall mucausa of denture 

patients, OFA patients, and normal healthy 

individuals, detect biofilm formation, and 

investigate their antifungal susceptibility pattern 

and its association with biofilm development. 

This is because there are very few studies on 

biofilm formation and drug resistance reported 

from Yemen. 

2. Materials and methods  

The isolated Candida albicans was then 

phenotypically identified using accepted 

methods in compliance with the Clinical and 

Laboratory Standards Institute's 2015 

recommendations (CLSI) [26]. 

Biofilm production detection  

Biofilm was identified using the tissue 

culture/microtiter plate technique (TCA) [27, 

28]. Yeast isolates on fresh agar plates were 

covered with two milliliters of Brain Heart 
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Infusion (BHI) broth, and the plates were then 

incubated at 37°C for the entire day. Each 

microtitration plate received 200 μl of the 

sample that had been diluted 1:40 times with 

fresh medium (BHI broth supplemented with 

1% glucose). The plates were then incubated for 

a further 24 hours at 37°C. Free floating sessile 

Candida albicans was removed by repeatedly 

rinsing it with phosphate buffered saline (pH 

7.2) after gently tapping the contents. The yeast 

was maintained with 2% sodium acetate after 

attaching to the surface and creating biofilms, 

and it was then colored with 0.1% w/v crystal 

violet for ten to fifteen minutes. The plate was 

allowed to dry after the removal of the unbound 

crystal violet solution using three different PBS 

washes. After releasing the dye in each well 

with 200 l of 95% ethanol, an optical density 

(OD) measurement was made at 630 nm. Each 

test strain's OD values as well as those of the 

negative control were computed, and the OD 

cutoff values (ODc) were evaluated [28, 29]. 

Antifungal sensitivity testing (Epsilometer 

test) 

Amphotericin B, voriconazole, caspofungin, 

fluconazole, ketoconazole, itraconazole, 

posaconazole, and anidulafungin were used in 

antifungal susceptibility studies. 

The test was carried out in accordance with the 

manufacturer's instructions. 1.5% agar and 2% 

glucose were added to RPMI-1640 medium 

(Sigma, USA) before the agar plates were 

created. Furthermore, the solution was buffered 

to a pH of 7.0 using 0.165 mol L-1 MOPS (3-

[N-morpholino] propanesulfonic acid) (Sigma, 

USA). Yeast colonies were suspended in saline, 

and the turbidity of the final inoculum was 

adjusted to 0.5 McFarland. The agar plates were 

inoculated by dipping a sterile swab into the 

suspension and swabbing the surface three 

times. After the plates were allowed to dry in a 

safety cabinet for fifteen minutes, test strips 

were applied to the agar surface using sterile 

forceps. For 24 to 48 hours, the plates were 

incubated at 35°C. Species-specific breakpoints 

from the Clinical and Laboratory Standards 

Institute's (CLSI) M27-S4 document were used 

to determine an isolate's sensitivity to 

itraconazole, voriconazole, fluconazole, and 

caspofungin [26]. 

Statistical Analysis: Version 7 of Epi-Info 

Statistics was used to analyze the data. To take 

into consideration the level of antibiotic 

resistance of 148 Candida albicans with 

different levels of biofilm formation, a 

statistical analysis was carried out. For each 

tested antifungal with a given quantity of 

biofilm development, the diffrance, 95% 

confidence interval, and p-value of the 

antifungal resistance were determined. 

3. Results  

The 310 participants in the study were divided 

into 104 groups—104 with dentures, 104 with 

orthodontic abaratus, and 102 controls without 

dental prostheses—with a mean ± SD of age 

equal to 37.01 ± 20.9 years old. Of these, 41.9% 

were male and 58.1 were female. The age group 

of 21–30 years old comprised the majority of 

participants (25.8%), followed by ≥51 years old 

(23.9%) and 31–40 years old (22.3%). 34.8% 

(108/310) of the samples had Candida 

colonization (Table 1). 

 
Table 1: General characteristics of participate in the 

study 

Characters  N (%) 

Sex 

Male 130 (41.9) 

Female 180 (58.1) 

Ages (years) 

<21 years 50 (16.1) 

21-30 80 (25.8) 

31-40 69 (22.3) 

41-50 40 (12.9) 

≥51  74 (23.9) 

Mean age 37.01Years 

SD 20.9 Years 

Mode 23 Years 

Median 26 Years 

Min-Max 9- 90 Years 

Type of  patients 

 Denture 104 (33.5) 
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orthodentic 104 (33.5) 

Normal 102 (32.9) 

Total 310 (100) 

The final statistical analysis included 310 

qualified research participants in total. 34.8% of 

the 108 individuals with OCC had a prevalence 

rate. 108 OCC patients had 148 oral Candida 

spp. identified. C. albicans (49.1%) was the 

most often isolated species throughout our 

study, followed by C. glabrata (35.2%) and C. 

dubliniensis (13%), as shown by the species 

distribution in Table 2. 
Table 2:  Distribution of Candida strains isolated 

from denture, FOA and normal teeth individuals  

Species n (%) 

Candida albicans 53 (49.1) 

Candida glabrata 38 (35.2) 

Candida dubliniensis 14 (13) 

Candida tropicalis 15 (13.9) 

Candida famata 8 (7.4) 

Candida kefyr 8 (7.4) 

Candida krusei 4 (3.7) 

Candida parapsilosis 3 (2.8) 

Candida africana 3 (2.8) 

Candida stellatoidea 2 (1.9) 

Single growth candida isolates 68/148 (45.9) 

Mixed growth candida isolates 80 /148 (54.1) 

Total candida isolates 148 

Mono-infection cases 64/310  (20.6) 

Co-infection cases 44/310 (14.2) 

Positive candidaiasis  cases 108/310 

(34.8) 

 For the first time, Candida kefyr, Candida 

krusei, Candida famata, Candida africana, and 

Candida stellatoidea were isolated from the oral 

cavities of Yemeni dental patients. Moreover, 

mixed cultures of two to three species of 

Candida were found in 44 cases (14.2%) out of 

310 people. The presence of non-albicans 

species was most frequently associated with co-

infection with Candida albicans and/or Candida 

glabrata. Further details on co-infection of 

Candida species are included in Table 2. Table 

3 gives the interpretation of biofilm 

development by the tested Candida albicans 

based on the average biofilm formation with an 

OD value obtained from the tissue culture plate 

method. Twenty.8% of the tested candida 

albicans showed a negative ability to build 

biofilms (OD < 0.17), and 26.4% showed a 

weak ability (OD = 0.17–0.34). 34% of the 

artificially isolated Candida albicans exhibited 

moderate positivity (OD = 0.35-0.68), while 

only 18.9% of the studied Candida albicans 

showed significant positive for biofilm 

production (OD > 0.68). The relationship 

between Candida biofilm development and 

antifungal resistance in isolates from patient 

buccal mucosa is displayed in Table 4. For 

example, the difference in fluconazole 

resistance was 45.1%, which indicates that 

biofilm-producing bacteria (moderate/strong) 

have a 45.1% resistance to Fluconazole 

compared to negative/weak strains. This result 

is highly statistically significant (p=0.0007), and 

the rate varies from 19.6 to 63.2%. In summary, 

compared to negative/weak biofilm-producing 

strains, moderate/strong biofilm-producing 

strains of Candidaalbicans exhibited a higher 

risk of drug resistance to the isoniconazole, 

ketoconazole, voriconazole, and posaconazole 

under investigation. Anidulafungin, 

capsofungin, and amphotericin B were all 

effective against Candida albicans. Isolates 

with minimum inhibitory concentrations (MICs-

90%) of less than 0.064 μg/mL for amphotericin 

B, ≤256 μg/mL for ketoconazole, and >32 

μg/mL for posaconazole were considered 

sensitive.It was shown that isolates with MICs 

for ketoconazole ranging from 0.002 μg/mL to 

0.5 μg/mL were dose-dependently sensitive. It 

was shown that isolates with posaconazole 

MICs ≤ 0.25–0.5 μg/mL showed intermediate 

resistance. Reactions were considered resistant 

if their minimal inhibitory concentrations 

(MICs) for amphotericin B, ketoconazole, or 

posaconazole were at least 2 μg/mL, 1 μg/mL, 

or 1 μg/mL, respectively. The resistant rates for 

fluconazole, Itraconazole, ketoconazole, 

voriconazole, and posaconazole  were 35.8%, 

20.7%, 37.7%, 13.2%, and 20.7% respectively. 

All Candida albicans were sensitive to 

amphotericin B, anidulafungin, and 

capsofungin. 
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Table 3: Biofilm production by candida albicans isolates 

 
OD value N (%) 

<0.17 Negative    11 (20.8) 

0.17-0.34 Weak positive       14 (26.4) 

0.35-0.68 Moderate positive 18 (34) 

>0.68 Strong positive  10 (18.9) 

Total  53 (100) 

 

Table 4: Association of biofilm formation and Antifungal resistant of  Candida albicans isolated 

 

 Total n=53 

Biofilm 

Negative/weak 

N=25 

Biofilm 

Moderate/strong 

N=28 DF% (95% CI) p value 

Antifungal Agents 
Resistance 

N (%) 

Resistance 

N (%) 

Resistance 

N (%) 

Fluconazole  19 (35.8) 3 (12) 16 (57.1) 45.1 (19.6-63.2) 0.0007 

Itraconazole  11 (20.7) 3 (12) 8 (28.6) 16.6 (-5.7-36.7) 0.1 

Ketoconazole  20 (37.7) 5 (20) 15 (53.6) 33.6 (7.4-53.8) 0.01 

Voriconazole  7 (13.2) 2 (8) 5(17.9) 9.9 (-9.7-28.5) 0.29 

Posaconazole  11 (20.7) 2 (8) 9 (32.1) 24.1 (1.9-43.5) 0.03 

Amphotericin B  0 (0.0) 0 (0.0) 0 (0.0) - - 

Anidulafungin  0 (0.0) 0 (0.0) 0 (0.0) - - 

Caspofungin 0 (0.0) 0 (0.0) 0 (0.0) - - 

DF=difference (%)  
Table 5. Antifungal sensitivity testing of Candida albicans 

 

Antifungal Agents 
MIC, μg/mL 

Resistant 
Range 50% 90% 

Fluconazole  0.064 - 256  1  > 256  19 (35.8) 

Itraconazole  0.004 - 32  0.016  > 32  11 (20.7) 

Ketoconazole  0.002 - 32  0.016  > 32  20 (37.7) 

Voriconazole  0.002 - 32  0.012  > 32  7 (13.2) 

Posaconazole  0.004 - 32  0.047  > 32  11 (20.7) 

Amphotericin B  0.003 - 0.25  0.016  0.064  0 (0.0) 

Anidulafungin  < 0.002 - 0.006  < 0.002  0.002  0 (0.0) 

Caspofungin 0.012-0.5 0.19 0.38 0 (0.0) 

 

4. Discussion  

Biofilms are complex, multicellular, and 

mutually dependent communities of 

microorganisms that are adhered to surfaces and 

covered in an exopolysaccharide matrix. They're 

present on a variety of surfaces, including 

medical equipment's [8, 9]. The ability of 

Candida species to form biofilms, which is 

essential for virulence during candidiasis, is 

associated with their pathogenicity [33]. The 

current study found that twenty-eight (52.8%) 

of the Candida albicans generated biofilms, 

which is regarded as moderate or strong. This 

result is nearly the same as that reported by 

Kumar et al. [34]. The research participants' 

increased incidence of Candida albicans 

colonization and biofilm development in the 

oral mucosa may cause oral infections or extend 

to the digestive and respiratory systems. 

Douglas study supports this notion by 

demonstrating that biofilms, including bacterial 

and fungal biofilms, are responsible for over 

80% of all microbial illnesses [35]. Because of 

structural and physiological features, the 

biofilms are innately resistant to antimicrobial 
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therapy as well as the host's immune system. 

Biofilms cause a wide range of diseases, 

including superficial mucosal infections and 

serious, widespread bloodstream infections. 

Biofilms that form on mucosal surfaces or on 

implanted medical devices, including dentures 

and FOA, are the most frequent source of these 

infections [8, 9]. 

In comparison to negative/weak biofilm-

producing strains, moderate/strong biofilm-

producing strains of Candida albicans showed a 

higher rate of medication resistance to the tested 

imitraconazole, ketoconazole, voriconazole, and 

posaconazole. This result can be explained by 

the fact that changes in metabolic states and 

constitutive activation of drug pumps cause 

cells in biofilms to become effectively resistant 

to medicines [36]. Because biofilms are 

hypothesized to offer fungus with physical 

protection from drugs, Candida albicans 

biofilms are also resistant to traditional 

antifungal medications. Four stages comprise 

the development of albicans biofilm in 

vitro:[35–39] Round yeast cells attach to 

surfaces and begin to colonize them; (2) yeast 

cells grow and proliferate, forming a basal layer 

of anchoring cells; (3) yeast cells grow into long 

cylindrical cells called hyphae and 

pseudohyphae, which grow in tandem with the 

production of extracellular matrix; and (4) yeast 

cells disperse from the biofilm to find new sites 

to colonize.  

Monitoring antifungal resistance in Candida 

albicans is crucial because it can reveal newly 

developing risks posed by resistant forms of the 

infection, which can help with empirical 

treatment. All 53 of the Candida albicans 

isolates that we analyzed turned out to be 

amphotericin B sensitive, which is in line with 

the results reported by Arora et al. [40]. 

Additionally, similar outcomes have been noted 

in earlier research conducted in European 

nations [41–44]. Badiee and Alborzi [19] have 

shown that in Southern Iran, the amphotericin B 

resistance rate of C. albicans isolates was 7%. 

As per our findings, 35.8% of the C. albicans 

strains isolated from candiduria had fluconazole 

resistance. Similarly, studies by Zarei 

Mahmoudabadi et al. [45] demonstrated that 

55.2% of these strains were resistant to the drug. 

The same authors also found that C. albicans 

had a 59.2% fluconazole resistance rate in 

another investigation [45]. Previous studies 

have revealed minimal resistance rates for 

fluconazole [42, 44, 46-51], which is in contrast 

to our findings. Additionally, our sample's 

resistance rates to voriconazole, itraconazole, 

and fluconazole were higher than those seen in a 

prior Turkish investigation [41]. Diverse 

breakpoint values, azole exposure in the past, 

and variations in the patient population could all 

contribute to variations in these resistance rates. 

It is crucial to highlight that in order to assess C. 

albicans strain susceptibility to fluconazole, 

itraconazole, and voriconazole, CLSI recently 

defined new species-specific MIC breakpoints. 

The impact of new MIC breakpoints on azole 

and echinocandin resistance patterns in Candida 

species was assessed by Fothergill et al. [52]. It 

was discovered that isolates of Candida 

albicans had resistance rates higher than those 

previously determined [30] when analyzed 

using the new CLSI criteria. 

Based on our findings, the current study's 

resistance rates to fluconazole, itraconazole, 

ketoconazole, posaconazole, and voriconazole 

were 35.8%, 20.7%, 37.7%, 20.7%, and 13.2%, 

in that order. Yenisehirli et al. reported that the 

frequencies of fluconazole and voriconazole 

resistance in C. albicans were 34% and 14%, 

respectively, in comparable ranges [30]. Also, 

according to research published by Jayalaksmi 

et al. [53], 105 Candida albicans that were 

collected from diverse clinical specimens 

exhibited a 34.3% fluconazole resistance rate. A 

study by Pelletier et al. [54] found that 42 out of 

295 (14.2%) Candida albicans isolates had 

reduced fluconazole susceptibility. Our rates of 

resistance to voriconazole and fluconazole are 

in line with those observed in earlier studies. It's 

possible that the study participants' lengthy and 
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heavy use of voriconazole and fluconazole 

reduced their susceptibility to those antifungals. 

Additionally, our 34.3% fluconazole resistance 

rate is lower than the 55.2% of C. albicans 

strains that were isolated from candiduria that 

had fluconazole resistance, according to 

research by Zarei Mahmoudabadi et al. [55]. In 

another study, the same authors discovered that 

C. albicans had a fluconazole resistance rate of 

59.2% [47]. Additionally, the percentage of 

fluconazole-resistant Candida albicans found in 

this inquiry was 35.8%, which is greater than 

the percentage found in investigations by 

Mohamed and Al-Ahmadey [56] and Nemati et 

al. [57], where the range of fluconazole 

resistance in Candida albicans was 0% to 15% 

[56,57]. Furthermore, studies on the efficacy of 

fluconazole against Candida albicans have 

demonstrated that 75% of strains tested were 

susceptible. Compared to the 95%, 87.5%, and 

89.5% rates that Badiee and Alborzi [19], Citak 

et al. [58], and Mohamed and Al-Ahmadey [56] 

previously published, this sensitivity rate is not 

as comparable. Furthermore, consistent with the 

results of Ng et al. [59], who reported on the 

amphotericin B and ketoconazole susceptibility 

of all yeast isolates. The percentage of Candida 

albicans that is resistant to antifungal agents 

may rise as a result of short courses of 

antifungal therapy, long-term use of suppressive 

azoles, and widespread usage of antifungal 

medications [59]. 

5. Conclusion  

According to our research, the formation of 

biofilms may contribute to the emergence of 

drug resistance. A major problem for the 

medical community is that most yeast, including 

Candida albicans, are found in biofilm form. 

Due to its innate immune response and anti-

fungal properties, Candida albicans is 

extremely difficult to treat since it depends on 

biofilms to thrive. The creation of anti-biofilm 

medications and mouthwashes that stop the 

formation of biofilms depends on an 

understanding of the mechanisms behind the 

production and regulation of oral candida 

biofilms. 
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