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Introduction 

Oral candidiasis (OC), also known as 

thrush, is a frequent opportunistic infection of the 

oral cavity caused by an overgrowth of different 

candida species, mostly Candida albicans, and an 

invasion of superficial tissues [1,2].  

Moreover, other non-C.albicans (NCA) 

species, such as Candida tropicalis, Candida 

parapsilosis, and Candida glabrata, are also 

involved in this infection [3]. 

It is widespread and underdiagnosed in 

older individuals, and it is often preventable with 

appropriate oral hygiene. Moreover, it can indicate 

a systemic illness like diabetes [4]. Furthermore, it 

is a prevalent condition among immune-

compromised patients. The infection can propagate 
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A B S T R A C T 

Background:  Oral candidiasis is an opportunistic infection of the oral cavity that can be 

distributed via the bloodstream, resulting in serious systemic candidiasis. Because of the 

toxicity and side effects of antifungal agents, research on the antifungal impact of silver 

nanoparticles (AgNPs) is necessary. Methods: Oral swabs were collected from fifty 

patients with oral candidiasis for the isolation and identification of candida species by 

automated Vitek 2. Biofilm formation was evaluated using a tissue culture plate assay. The 

anti-candida and anti-biofilm effects of AgNPs on isolated Candida species were 

investigated using agar-well diffusion and microdilution methods. Results: Candida 

albicans was the predominant isolate, accounting for 51.9%. Biofilm formation was 

identified in 63.5% of candida isolates, commonly in isolates of C. albicans (57.6%), C. 

tropicalis (30.3%), and C. parapsilosis (12.1%), while all C. glabarata isolates could not 

form a biofilm. A significant decrease in the growth of candida isolates was detected at 

500 μg/mL of AgNPs. The largest zone of inhibition (22.6 mm ± 0.6) was detected with 

C. albicans, then C. parapsilosis (20.4 mm ± 0.9), C. tropicalis (18.4 mm ± 0.5), and C. 

glabrata (16.5 mm ± 0.6) with a statistically significant difference. AgNPs inhibited the 

biofilm production of Candida species up to 100% at 500 μg/ml. Generally, the AgNPs 

anti-biofilm activity was significantly higher against C. albicans than C. tropicalis and C. 

parapsilosis at concentrations ranging from 31.25 to 250 μg/ml. Conclusions: Synthesized 

AgNPs showed antifungal and antibiofilm activity against all albicans and non-albicans 

Candida species.  
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via the bloodstream, resulting in severe systemic 

candidiasis with high morbidity and mortality [5]. 

Candida albicans is one of the most 

widespread opportunistic human fungal pathogens 

that can be a predisposing factor for invasive fungal 

infections, ranking as the fourth-prominent source 

of hospital-acquired infections which has a high 

mortality rate among critically ill and immune-

compromised patients [6,7].  

The three classes of antifungal agents that 

are used to treat fungal infections include azoles, 

echinocandins, and polyenes [8,9]. Common 

fungicides such as fluconazole, amphotericin-B, and 

echinocandins can successfully treat most persistent 

candida infections; conversely, biofilm-associated 

infections are challenging to cure with conventional 

medications. Compared with planktonic cells, 

Candida biofilms are up to 1000 times more resistant 

to azoles [10]. 

Due to rising drug resistance, toxicity, side 

effects, and drug interactions associated with current 

antifungal medications, there is an imperative 

requirement to create new and safe antifungal 

treatments [11]. 

Silver nanoparticles (AgNPs) have 

gathered significant interest due to their potent 

antimicrobial properties [12,13]. This antibacterial 

activity is exhibited against both Gram-negative and 

Gram-positive bacteria. Additionally, when 

combined with optimum antibiotics, AgNPs exhibit 

a synergistic effect, enabling lower doses of both 

agents to be used, thus reducing side effects, and 

potentially curbing the development of multidrug 

resistance mechanisms [14,15]. 

Research has demonstrated that AgNPs are 

effective against various Candida species by 

inhibiting the growth of yeast cells and affecting 

several virulence factors, such as the production of 

biofilms [16]. Additionally, AgNPs were effectively 

utilized to treat candidiasis [17]. AgNPs were 

proven to have a strong ability to anchor the C. 

albicans cell wall and then invade it, causing 

structural changes in the integrity of the plasma 

membrane [18]. 

As data concerning the antifungal activity 

of AgNPs is limited in our hospital, research on the 

antifungal impact of AgNPs is currently required. 

Therefore, this study aims to evaluate the effect of 

AgNPs on Candida species isolated from clinical 

cases with OC at Tanta University Hospitals.  

Methods 

The cross-sectional study was conducted at 

the Microbiology and Immunology Department, 

Faculty of Medicine, Tanta University, in six 

months between September 2023 and February 

2024. The study was conducted following the 

Declaration of Helsinki and had approval from the 

Research Ethics Committee at the Faculty of 

Medicine, Tanta University (approval code: 

36264PR72/2/23). Fifty patients were included in 

the study who were hospitalized in the Emergency 

Intensive Care Unit (ICU) and from outpatient 

clinics at Tanta University Hospital. Adult patients 

presenting with signs and symptoms of 

oropharyngeal candidiasis were enrolled in the 

study. They were identified by pseudomembranous 

raised lesions in the oral mucous membrane. The 

study excluded any patient without signs of oral 

candidiasis during the study period. A complete 

history of participants was recorded. Written, 

informed consent was provided by all participants.  

Phenotypic detection of isolates: 

Oral lesions were identified, and samples 

were taken using sterile swabs. Then, they were sent 

to the laboratory within 30 minutes for processing. 

Oral swabs were inoculated on Sabouraud dextrose 

agar (SDA) (Oxoid UK) with chloramphenicol, and 

then they were incubated at 37 ◦C for 24–48 h. 

Identification of fungal isolates was done by white, 

creamy colonies with a yeast-like odor. Under the 

microscope, Candida species appear as Gram-

positive cells with or without pseudohyphae. 

Candida species were identified by automated Vitek 

2 Compact (bioMerieux, France), as per the 

manufacturer's instructions. The confirmed isolated 

Candida species were frozen at -20 °C in brain-heart 

infusion broth with 20% glycerol and then 

subcultured for further testing [19].  

Phenotypic evaluation of biofilm production in 

different Candida species:  

The tissue culture plate (TCP) assay was 

described as the ideal test for the detection of 

biofilm. Ten ml of trypticase soy broth (TSB) 

(Oxoid UK) with 1% glucose was inoculated with a 

loopful of Candida species from a fresh culture on 

SDA (Oxoid UK). Then, the plate was incubated at 

37 °C for 24 hours. Fresh medium was used for 

dilution of the culture mixture at a percentage of 

1:100 to obtain 1x106CFU/ml of Candida 

suspensions before incubation for 24 hours at 37ºC. 

The negative control in the plate was the sterile 
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broth. The free-floating candida species in the wells 

were removed four times by washing with 0.2 ml of 

phosphate buffered saline (PBS) at pH 7.2. Sodium 

acetate (2%) was used for the fixation of adherent 

biofilms that were stained with 0.1% crystal violet. 

Finally, the plate was washed with distilled water 

and dried completely. The experiment was repeated 

three times. An ELISA reader (Biotek) was used to 

record the optical densities (OD) of stained biofilm 

at the 570nm wavelength that was classified as 

described by Li et al. [20, 21]. 

Description of silver nanoparticles: 

A stock solution of water-soluble spherical 

AgNPs (19 ± 5 nm) was measured by transmission 

electron microscope. It was prepared by Nano Tech, 

Egypt, with a concentration of 2200 ug/mL. The 

manufacturer reported that AgNPs have been 

prepared by the chemical reduction method by using 

AgNO3 as a source of Ag+ ions, which converts the 

color of AgNPs into grayish yellow by the reduction 

of the Ag+ ions.  

Characterization of the AgNPs by transmission 

electron microscopy (TEM):  

Transmission electron microscopy 

measurements were performed to describe the size 

as well as morphology of nanoparticles, which were 

prepared by placing a drop of dilute suspension on a 

carbon-glazed copper grid and allowed to be air-

dried at ambient temperature. Then, samples were 

kept in a desiccator until loaded onto a specimen 

holder for analysis. Analysis was done on a JEOL 

JEM-2100 high-resolution transmission electron 

microscope at a voltage of 200 kV, respectively. 

Assessment of the anti-candida effects of AgNPs: 

Screening the effects of AgNPs on 

different Candida isolates was investigated using 

the agar-well diffusion technique. Multiple wells of 

6 mm diameter were done on SDA plates (Oxoid 

UK) that were inoculated with 100 µl of 1 × 106 

cfu/ml of (o.5 McFarland) Candida suspensions, 

and then 100 µl of AgNPs with different 

concentrations ranging from 500 to 31.25 µg/ml 

were incorporated into the wells. Itraconazole was 

considered the reference antifungal, and dimethyl 

sulfoxide (DMSO) was the control. After incubation 

of the plates for 24-48 hours, different inhibition 

zones were measured [22]. 

Determining the MIC and MFC of AgNPs: 

The Minimum Inhibitory Concentration 

(MIC) was defined as the lowest concentration of 

the anti-fungal agent that can inhibit yeast 

development. The minimum fungicidal 

concentration (MFC) was determined to be the 

lowest concentration that kills 99.99% of the proven 

yeast. Both were calculated by the microdilution 

method [23]. AgNPs were processed using a two-

fold serial dilution. For each well, 100 μl of 

Sabaroud dextrose broth (Oxoid UK) of each 

Candida suspension was added to sterile 96-well 

plates. Also, 100 µL of each concentration of 

AgNPs (starting from 1,000 µg/ml) was added 

before covering and incubation of the plates at 37°C 

for 24 hours. MIC was considered the lowest 

concentration of the tested anti-fungal that 

suppressed the visible growth of the fungi. The MFC 

was detected after subculturing from the wells 

without visible growth on their plates. However, the 

MFC was defined as the lowest concentration that 

did not show any fungal growth on the agar [24].  

Assessment of AgNPs effects on the biofilm of 

different Candida species:   

Assessment of AgNPs effects on the 

biofilm of different candida species: All Candida 

isolates that produce biofilm were further evaluated 

for their ability to form biofilm in the presence of 

AgNPs by microtitre plate assay, as documented by 

Saibabu et al. [25]. 100 µL of Tryptic soya broth 

suspension (TSB) with 1% glucose from different 

Candida culture suspensions was inoculated in each 

well of a 96-well microtitre plate. The plates were 

kept incubated for attachment of cells at 37◦C for 24 

h. Then, phosphate buffered saline (PBS) was used

for washing the plates three times to remove the 

non-attached cells. The culture was diluted 1:100 

with fresh broth by adding 200 mL of fresh medium 

and half MIC, one MIC, and double MIC of AgNPs 

for all Candida species, then incubated at 37◦C for 

24 h to see biofilm development. The wells were 

washed with 0.2 ml of PBS and stained with 0.1% 

crystal violet for 30 min to detect fixation. 

Deionized water for washing the plates was used 

until they were completely dried. Both negative and 

positive control wells in the plate containing AgNPs 

without isolate and isolate without AgNPs, 

respectively, were maintained for each strain. The 

tissue culture assay was done in triplicates. Optical 

densities (OD) measurements were calculated by an 

Elisa reader at 570 nm wavelength. The percentage 

inhibition of biofilm activity was calculated using 

the following equation: Biofilm inhibition (%) = 1-

(OD of wells processed with AgNPs / absorbance of 

non-processed wells) × 100. The data are expressed 

as means ± SD. 
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Statistical analysis of the data

Data was analyzed using IBM SPSS 

software package version 20.0. (Armonk, NY: IBM 

Corp). Categorical data were characterized as 

numbers and percentages. The Chi-square test was 

employed to study the association between the 

categorical variables. For continuous data, they were 

analyzed for normality by the Shapiro-Wilk test. 

Quantitative data were expressed as range 

(minimum and maximum), mean, standard 

deviation, and median for normally distributed 

quantitative variables F-test (ANOVA) was used to 

compare between more than two groups, and Post 

Hoc test (Tukey) for pairwise comparisons. The 

significance of the acquired results was judged at the 

5% level. 

Results 

Out of 50 cases with oral candidiasis (OC) 

involved in this study, 58% were female, and 62% 

ranged from 40 to 60 years old. 40% of cases were 

diabetic, 22% had cardiovascular disorders, and 

20% of recruited cases were cancer patients, as 

demonstrated in table (1). Regarding the isolation 

and identification of fungal isolates, about 52 

Candida species were isolated. Four different 

Candida species were categorized. C. albicans was 

the most predominant, representing 51.9%, 

followed by C. tropicalis (30.8%), C. parapsilosis 

(9.6%), and C. glabarata (7.7%), as demonstrated in 

table (2). 

Regarding the biofilm formation among 

the studied candida isolates, biofilm positivity was 

detected in 63.5% of Candida isolates, most 

commonly in C. albicans isolates (57.6%), followed 

by C. tropicalis (30.3%), and C. parapsilosis 

(12.1%), while all C. glabarata isolates could not 

form a biofilm, as shown in table (3a). Biofilm-

former C. albicans isolates were classified as strong, 

moderate, and weak biofilm producers at 47.4%, 

42.1%, and 10.5%, respectively. Biofilm-former 

non-albicans Candida species were categorized as 

strong, moderate, and weak biofilm producers with 

35.7%, 64.3%, and 0%, respectively, with no 

significant statistical difference between albicans 

and non-albicans species (p > 0.05) as reported in 

table (3b). 

Regarding the evaluation of the anti-

candidal activity of AgNPs, a significant decrease in 

the growth of Candida was detected at 500 μg/mL 

of AgNPs. The largest zone of inhibition (22.6 mm 

± 0.6) was detected with C. albicans, followed by C. 

parapsilosis (20.4 mm ± 0.9), C. tropicalis (18.4 

mm ± 0.5), and C. glabrata (16.5 mm ± 0.6), with a 

statistically significant difference (P<0.001) as 

demonstrated in table (4).  

The MIC values of AgNPs against all 

investigated Candida species ranged from 62–250 

µg/mL, whereas the MFCs were 125 and 500 

µg/mL. The detected MFCs are noticeably higher in 

comparison to MICs. Regarding C. albicans, 13 out 

of 27 isolates showed MIC at 125 µg/mL and MFC 

at 250 µg/ml. Additionally , 75% (12/16) of C. 

tropicalis isolates showed MIC and MFC at 250 and 

500 µg/mL, respectively. All strains of C. 

parapsilosis and C. glabrata showed MICs at 125 

µg/mL and MFCs at 250 µg/mL and 500 µg/mL, 

respectively, as shown in table (5). 

As regards the evaluation of the anti-

biofilm activity of different concentrations of 

AgNPs against the isolated Candida species, The 

AgNPs anti-biofilm effect on the tested Candida 

was revealed at a concentration as low as 31.25 

µg/L, and total inhibition was detected at 500 

µg/mL. AgNPs inhibited the biofilm formation of 

Candida up to 100% at 500 μg/ml. Generally, the 

AgNPs anti-biofilm activity was significantly higher 

against C. albicans than C. tropicalis and C. 

parapsilosis at concentrations from 31.25 to 250 

μg/ml (p <0.001), as reported in table (6) and 

Figure 1.  
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Table 1. Demographic data and clinical characteristics of the studied cases (n = 50). 

No. (%) 

Gender 

Male 21 (42%) 

Female 29 (58%) 

Age 

<40 7 (14%) 

40-60 31 (62%) 

≥60 12 (24%) 

Underlying conditions 

Cardiovascular diseases 11 (22%) 

Diabetes 20 (40%) 

Chronic kidney diseases 5 (10%) 

Cancer 10 (20%) 

Immunological disorders 4 (8%) 

Table 2. Distribution of isolated Candida species (n = 52). 

Candida species No. (%) 

Candida albicans 27 (51.9%) 

Non-albicans 

Candida tropicalis 16 (30.8%) 

Candida parapsilosis 5 (9.6%) 

Candida glabarata 4 (7.7%) 

Table 3a. Distribution of the isolated Candida species as regard biofilm formation (n = 52) 

Candida 

albicans 

Candida 

tropicalis 

Candida 

parapsilosis 

Candida 

glabarata 
Total 

Non-biofilm producers 8 (42.1%) 6 (31.6%) 1 (5.3%) 4 (21.1%) 19 (36.5%) 

Biofilm producers 19 (57.6%) 10 (30.3%) 4 (12.1%) 0 (0%) 33 (63.5%) 

Strong 9 (47.4%) 4 (40%) 1 (25.0%) – 14 (42.4%) 

Moderate 8 (42.1%) 6 (60%) 3 (75.0%) – 17 (51.5%) 

Weak 2 (10.5%) 0 (0%) 0 (0%) – 2 (6.1) 

Table 3b. Comparison between C. albicans and non-albicans regard biofilm formation 

Non albicans 

(n = 25) 

Candida albicans 

(n = 27) 
χ2 p 

Non-biofilm producers 11 (44%) 8 (29.6%) 
1.156 0.282 

Biofilm producers 14 (56%) 19 (70.4%) 

Strong 5 (35.7%) 9 (47.4%) 

Moderate 9 (64.3%) 8 (42.1%) 

Weak 0 (0.0%) 2 (10.5%) 
2:  Chi square test  MC: Monte Carlo 

p: p value for comparing Candida Non albicans and Candida albicans. 

*: Statistically significant at p ≤ 0.05  

Table 4. Zone of inhibition of isolated candida species (in mm) at different concentrations of AgNPs in (μg/ml) 

Organism 
Concentration of AgNPs 

N 31.25 62.5 125 250 500 

Candida albicans 27 6 ± 0 8 ± 1.2 10.2 ± 0.9 14.5 ± 0.8 22.6 ± 0.6 

Non albicans Candida spp 25 6.8 ± 1.2 9.04 ± 0.79 11.7 ± 0.99 14 ± 1.06 18.5 ± 1.3 

C. tropicalis 16 7.3 ± 1.3 9.5 ± 0.5 11.7 ± 0.5 13.8 ± 0.4 18.4 ± 0.5 

C. parapsilosis 5 6 ± 0 8.4 ± 0.55 13 ± 0 15.8 ± 0.4 20.4 ± 0.9 

C. glabrata 4 6 ± 0 8  ± 0 10 ± 0 12.6 ± 0.5 16.5 ± 0.6 

t(p) 
3.562* 

(0.002*) 

3.798* 

(<0.001*) 

5.592* 

(<0.001*) 

1.888 

(0.065) 

14.176* 

(<0.001*) 
Data was expressed using Mean ± SD SD: Standard deviation     t: Student t-test 

p: p value for comparing Candida albicans and non albicans Candida. 

*: Statistically significant at p ≤ 0.05  
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 Table 5.MIC and MFC for AgNPs against isolated Candida species (n = 52). 

Concentration of AgNPs 

62 (μg/mL) 125 (μg/mL) 250 (μg/mL) 500 (μg/mL) 

MIC MFC MIC MFC MIC MFC MIC MFC 

Candida albicans (n) 9 0 13 9 5 13 0 5 

Candida tropicalis(n) 0 0 4 0 12 4 0 12 

Candida parapsilosis (n) 0 0 5 0 0 5 0 0 

Candida glabrata (n) 0 0 4 0 0 0 0 4 

Table 6. Comparison between C. albicans, C. tropicalis and C. parapsilosis according to percentage of biofilm 

inhibition in different concentrations of AgNPs (n = 33) 

Concentration of AgNPs 

Organism N 31.25 62.5 125 250 500 

C. albicans 19 68.7 ± 4.5 84.1 ± 5.2 97.4 ± 1.7 100 ± 0 100 ± 0 

C. tropicalis 10 36.3a ± 5.1 50.3a ± 3.2 74.1a ± 2.3 94.4a ± 3.2 100 ± 0 

C. parapsilosis 4 58.8ab ± 2.5 76.5ab ± 1.3 90.8ab ± 6.2 100b ± 0 100 ± 0 

F(p) 
168.382* 

(<0.001*) 

192.545* 

(<0.001*) 

246.736* 

(<0.001*) 

36.267* 

(<0.001*) 
– 

Data was expressed using Mean ± SD   SD: Standard deviation. 

F: F for One way ANOVA test, pairwise comparison bet. each 2 groups were done using Post Hoc Test (Tukey) 

p: p value for comparing between the candida albicans, tropical and parapsilosis 

*: Statistically significant at p ≤ 0.05 

a: Significant with Candida albicans  b: Significant with Candida tropicalis 

Figure 1. Percentage of biofilm inhibition in different concentrations of AgNPs. 

Discussion 

Out of 50 patients with oral candidiasis 

(OC) involved in this study, 58% were female and 

62% ranged from 40 to 60 years old. Same findings 

were reported by another study, which found that the 

prevalence of OC with diabetes was higher in 

middle-aged adults (40–60 years) (67%) and among 

females (65%) [26]. 

In the current study, the most frequent 

preexisting disease was diabetes mellitus (40%) 

followed by cardiovascular disease (22%). Diabetes 
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mellitus is an essential predisposing factor for OC. 

This may be related to salivary hypofunction 

correlated with diabetes mellitus, and the presence 

of glucose enhances the growth of candida in saliva 

[4]. However, da Silva et al. found that the most 

common preexisting disease was hypertension 

(22.7%), followed by cardiovascular disease 

(13.63%), and diabetes (9.09%) [27]. Moreover, 

another Egyptian study found oral candidal lesions 

only in 8% of hospitalized patients; although they 

had uncontrolled diabetes, and this could be 

explained as the flourishing of candida is related not 

only to diabetes but is multifactorial. [28]. 

In the present study, 20% of the recruited 

cases were cancer patients with weakened immunity 

that favors the growth of candida. Similar findings 

were detected in another study that investigated 

Vietnamese cancer patients, in which 76 Candida 

species were isolated from their oral lesions [29]. 

The mentioned predisposing factors are involved in 

the conversion of Candida species from a benign 

commensal state to a pathogenic state. Moreover, 

the high occurrence of candida superinfection is 

related to the reduction of the normal flora that 

generates favorable conditions for fungi to 

proliferate [30]. 

In the present study, 52 Candida species 

were isolated from 50 samples from patients with 

OC. Four different Candida species were identified. 

C. albicans was the most common candida isolate, 

accounting for 51.9%, which agrees with previous 

reports [31–33]. 

Moreover, non-Candida albicans species 

were recorded at 48.07%, as follows: C.tropicalis 

30.8%, C. parapsiliosis 9.6%, and C. glabarata 

7.7%. Similarly, another study found that 15.4% and 

10.3% of non-albicans species with oropharyngeal 

lesions were C. tropicalis and C. glabarata, 

respectively. Unlike our results, they did not find 

any C. parapsiliosis [33].  

In the same line, Nguyen et al. reported 

that C. albicans remained the most prevalent 

species, followed by C. glabrata, C. tropicalis, and 

C. krusei [34]. On the other hand, the current 

research found that C. tropicalis prevalence was ten 

times higher compared to the previous study by 

Salehi et al. [30]. 

In the current study, although the 

predominant candida isolates were C. albicans, 

there was a rise in the detection of non-albicans 

candida isolates, which agrees with the previous 

finding [30, 35]. 

Generally, Candida species can form well-

organized biofilms made up of different cell types 

and even microbial species [36]. In the present 

study, biofilm positivity was detected in 63.5% of 

candida isolates, most frequently in isolates of C. 

albicans (57.6%), followed by C. tropicalis (30.3%) 

and C. parapsiliosis (12.1%), while all C. glabarata 

isolates could not form a biofilm. Biofilms not only 

shield Candida species from antifungal drugs and 

immunological responses, but they also encourage 

the development of antifungal-resistant strains, 

making eradication more difficult [37]. 

Our study revealed that biofilm-former C. 

albicans isolates were classified as strong, 

moderate, and weak biofilm producers at 47.4%, 

42.1%, and 10.5%, respectively. Biofilm-former 

non-albicans Candida species produced strong 

biofilm with 35.7%, 64.3%, and 0% strong, 

moderate, and weak biofilm producers, respectively, 

with no significant statistical difference between 

albicans and non-albicans species (p > 0.05). 

Although all isolates were identified from OC 

lesions, there were variations in the ability of 

biofilm production by different Candida species. 

There are many other virulence determinants, rather 

than biofilm production, that help non-biofilm 

formers to initiate the lesions of OC. Similarly, 

Hawser and Douglas found that isolates of C. 

glabrata and C parapsilosis significantly exhibited 

a lower tendency to form biofilms in comparison to 

C. albicans isolates [38]. 

In contrast, Mohandas et al. found that 

51% of the isolated C. albicans developed biofilm, 

which was significantly lower than the percentage of 

all non-albicans Candida species isolates forming 

biofilm. Strong biofilm formation was detected in C. 

tropicalis. and C. krusei, while weak biofilm 

formation was observed in C. albicans [39]. 

Moreover, Vita´lis et al. reported that all isolated 

Candida species were biofilm formers [40].  

While assessing the anti-candida activity of 

AgNPs, a significant decrease in the growth of 

Candida isolates was perceived at 500 μg/mL of 

AgNPs. The largest zone of inhibition (22.6 mm ± 

0.6) was detected with C. albicans, then C. 

parapsilosis (20.4 mm ± 0.9), C. tropicalis (18.4 

mm ± 0.5), and C. glabrata (16.5 mm ± 0.6) with a 

statistically significant difference. Similar results 

were recorded by Jalal et al. and Yasir et al., who 

reported a significant decrease in the growth of 

Candida species at the same concentration of 

AgNPs [41,42]. Antifungal effects were 
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demonstrated by silver nanoparticles. AgNPs are 

also useful in curing local infections brought on by 

C. tropicalis and C. albicans, as reported by Li et al. 

[43].  

The MIC values of AgNPs against all 

evaluated Candida species ranged from 62–250 

µg/mL, while the MFCs were 125 and 500 µg/mL. 

The MFCs that have been identified are significantly 

more than the MICs. This finding was mentioned 

before in another study [44]. 

The findings of the current study declare 

that the anti-candida activity of AgNPs on the 

different candida species is affected by the dose. 

The concentration-dependent anti-candida effect of 

AgNPs has been previously documented by Jalal et 

al. and Yasir et al. [41, 42]. 

Regarding C. albicans, 13 out of 27 

isolates (48.1%) exhibited MIC at 125 µg/mL and 

MFC at 250 µg/ml. Additionally , 75% (12/16) of C. 

tropicalis isolates showed MIC and MFC at 250 and 

500 µg/mL, respectively. All strains of C. 

parapisillosis and C. glabrata showed MICs at 125 

µg/mL and MFCs at 250 µg/mL and 500 µg/mL, 

respectively. These variations in MICs and MFCs of 

AgNPs on various Candida species may be related 

to different factors, e.g., the shape, size, 

concentration, and physicochemical properties of 

nanoparticles [45,46].  

Additionally, the diversity in MICs and 

MFCs could be attributed to the multifaceted 

character and structural arrangement of the cell 

walls of each species. Differences were varied 

between the outer cell wall layer thickness and the 

structural arrangement of polysaccharide molecules 

in this layer [47]. 

Normally, yeast cells colonize and stick to 

hard or soft surfaces, like those present in the oral 

cavity, mediated by specific adhesion factors that 

result in biofilm generation. The AgNPs anti-

biofilm effect on the assessed candida isolates was 

revealed at a concentration of 31.25 µg/L, and total 

inhibition was detected at 500 µg/mL. 

In the current study, AgNPs inhibited the 

biofilm production of Candida species up to 100% 

at 500 μg/ml. Generally, the AgNPs anti-biofilm 

activity was significantly higher against C. albicans 

than C. tropicalis and C. parapisillosis at 

concentrations from 31.25 to 250 μg/ml (P <0.001). 

Our findings showed that the biofilm formed by C. 

tropicalis was the most resistant to the inhibitory 

effect of AgNPs in comparison with other biofilm-

forming candida species. This finding agreed with 

other studies, which found that the isolates of C. 

tropicalis were the strongest biofilm producers [48]. 

Another study revealed the decreased 

metabolic activity of cells in the C. tropicalis 

biofilm due to the thick extra polysaccharide matrix 

that may limit the transportation of oxygen and 

nutrients to these cells [49]. The effective biological 

activity of AgNPs to penetrate the biofilm is related 

to the design, size, and concentration of these 

nanomaterials [50]. Furthermore, other studies 

revealed that the efficacy of AgNPs against biofilm 

former Candida species is increased when combined 

with antifungals or antiseptics [51,52]. 

The inability to compare the anticandidal 

efficacy of silver nanoparticles with different sizes 

and designs due to financial constraints was one of 

the study's limitations. Also, the outcome of this 

study suggests the application of AgNPs in implant 

coatings of medical devices to treat resistant fungal 

infections. However, in vivo studies need to be 

conducted to detect the bioavailability, mechanism 

of action, and cytotoxicity of AgNPs before they are 

employed for biomedical purposes. 

Conclusion 

The highest prevalence of oral candidiasis 

was found in diabetic patients, with the greatest 

number of isolated biofilm-producing C. albicans. 

Synthesized AgNPs showed both antifungal and 

antibiofilm activity against all albicans and non-

albicans Candida species. The antifungal activity of 

AgNPs is concentration-dependent. Overall, the 

AgNPs could be employed as a promising 

alternative topical therapy for OC in high-risk 

patients.  
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