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PURPOSE. This study evaluated the adhesion to acrylic resin specimens and biofilm formation capability of 
Candida albicans strains isolated from HIV positive subjects’ oral rinse solutions. MATERIALS AND METHODS. 
The material tested was a heat-cured acrylic resin (Acron Duo). Using the adhesion and crystal violet assays, 14 
oral Candida albicans isolated from HIV-positive subjects and 2 references Candida strains (C. albicans ATCC 
90028 and C. albicans ATCC 90128) were compared for their biofilm production and adhesion properties to 
acrylic surfaces in vitro. RESULTS. There were no significant differences in adhesion (P=.52) and biofilm 
formation assays (P=.42) by statistical analysis with Mann-Whitney test. CONCLUSION. Denture stomatitis and 
increased prevalence of candidal carriage in HIV infected patients is unlikely to be related to the biofilm 
formation and adhesion abilities of C. albicans to acrylic resin materials. [ J Adv Prosthodont 2014;6:30-4]
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INTRODUCTION

Acrylic resin, in particular poly-(methyl-methacrylate), is a 
base material for dentures. It is widely used due to its good 
working properties such as simple preparation and fixing, 
accuracy of  fit, stability in the oral environment, aesthetic 
aspect and low price.1-4 However, acrylic resin is a polaric 
molecule.5,6 PMMA absorbs water and polymeric break 
down occurs, which causes stained and/or malodorous 
base material.7 Another problem associated with water 

absorption is the ability of  certain organisms to colonize 
the intaglio surface of  an acrylic denture. Loss or gain of  
water in the surface layers may occur quite rapidly, which 
contributes to surface crazing.8 Also, irregularities in the 
acrylic resin surface are a factor in microorganism entrap-
ment.9,10

The acrylic denture, which is ill-fitting and unhygienic, 
can act as a reservoir of  infection.11,12 The main cause of  
Candida-associated denture stomatitis might be related with 
Candida species adhesion to oral epithelia and denture acryl-
ic surfaces.11,13-15 Denture stomatitis is one of  the most 
common problem of  old denture users, with 25-65% of  
prevalence rates.15-18

Previous studies showed that one of  the risk factor for 
denture stomatitis is in vivo formation of  Candida biofilms.14 
These biofilms made up of  yeast cells and their hyphae, 
firmly fixed to the biomaterials and they seem to play a role 
in the formation of  biofilms.14,19 The adjacency of  the bio-
film and extra polymeric matrix to the oral mucosa induces 
localized innate inflammatory responses, causing erythema 
and other clinical symptoms.13 

However, denture stomatitis  cannot be explained clini-
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cally with the presence of   biofilm only.13 In fact, fungi such 
as Candida albicans normally live as innocuous commensal 
until transformed into parasitic pathogens due to decreased 
immune response.17,20 It seems that host immune factors  
also play a role. Although there are some evidence that den-
ture stomatitis is associated with presence of  C. albicans, 
other factors such as denture hygiene, traumatization, bac-
teria colonization, saliva production deficiency, and certain 
immune defects may also take a part.14 This is especially 
important for immune-compromised patients who are 
infected with human immunodeficiency virus (HIV).12 

In HIV-infected individuals, fungi have been increasingly 
recognized as major pathogens.17 As an increased preva-
lence of  candidal carriage and oral candidiasis is common 
in cases of  HIV infection, oral medical devices, especially 
dental prosthesis, may be more problematic for these 
patients because of  the tendency for biofilm formation. 
Some studies have compared the adherence of  C. albicans 
isolates to mucosal surfaces in both HIV-infected patients 
and HIV-free subjects, as adherence to host surfaces is a 
prerequisite for subsequent biofilm formation and coloni-
zation.21,22 However, there is limited information on the 
adhesion of  C. albicans with associated HIV positive 
patients’ acrylic dentures, this is a hypothesis which is  not 
tested yet. The aim of  present study is to determine the 
properties of  biofilm formation and adherence to acrylic 
dentures of  C. albicans strains isolated from HIV positive 
subjects and compares their properties with standard 
strains from American Type Culture Collection (ATCC).

MATERIALS AND METHODS

In this in vitro study, the tested denture base material was a 
heat-cured poly methyl-methacrylate (PMMA) acrylic resin 
(Acron Duo, Associated Dental Products Ltd., Kemdent, 
Purton, Swindon, Wiltshire, UK). To prepare the PMMA 
samples, a pink modeling wax (Cavex® Set Up Modeling 
Wax, Haarlem, The Netherlands) with dimensions of  
20 × 20 × 2 mm was placed in hard denta l p laster 
(Moldabaster S, HeraeusKulzer GmBH, Hanau, Germany) 
in a two-part mold using a standard dental flask. The wax 
was eliminated under running hot water and the plaster sur-
faces were sealed with one coat of  sealant. The heat-cured 
acrylic denture base resin was then packed in the molds and 
the polymerization process was carried out in a water bath 
at 70ºC for 1 hour followed by boiling for 30 minutes. In 
order to give as accurate  representation as possible of  the 
tissue surface of  the dentures, the test sides of  the polym-
erized acrylic resin samples were not polished after demold-
ing. The samples were only washed with water steam under 
pressure to remove any possible contaminants present on 
the surfaces and then stored in distilled water at 37ºC for 
24 hours, prior to adhesion assays and biofilm formation.

In this in vitro study, 14 C. albicans strains which were 
chosen from the culture collection of  Ankara University 
Faculty of  Medicine, Department of  Medical Microbiology 
Laboratory were evaluated. The strains were isolated from 

oral rinse samples of  HIV positive subjects who were seen 
at the Infectious Diseases Clinic, Department of  Internal 
Medicine University of  Hacettepe between 2002 and 2004. 
The identity of  the isolates was verified again by using a 
commercially available carbohydrate assimilation tests (API 
32C identification system, bioMérieux, France). 

C. albicans strains were streaked from their thawed sus-
pension stored at -70ºC onto Sabouraud dextrose agar 
(SDA, Merck, Germany) and plates are left at 37ºC for 24 
hours. A single colony was chosen and inoculated in 25 mL 
sterile Sabouraud dextrose broth (SDB, Merck, Germany) 
medium and flasks containing this medium were incubated 
for 18 hours at 35ºC with agitation (120 rpm). Cells were 
harvested by centrifugation (6000 rpm, 4ºC, 10 minutes) 
and washed twice with sterile phosphate-buffered saline 
(PBS, 0.15 mM, pH: 7.2, Ca2+ and Mg2+ free). The yeast 
cells were resuspended in the same buffer and standardized 
to a concentration of  1 × 107 and 1 × 106 cfu/mL.

Adhesion assays were performed by using a modifica-
tion of  the technique previously described.23 Briefly, 
PMMA samples were individually put inside a Petri dish. 
The standardized C. albicans cell suspension in PBS (1 × 106 
cells/mL) was added to each Petri plate covering the acrylic 
resin material. The cell adhesion was occurred in 2 hours at 
37ºC. Following incubation, the acrylic resin material gently 
washed twice with 5 mL PBS thus the non-adherent cells 
were removed. Afterwards, the adhered yeasts were count-
ed. The method used to do this was to put the PMMA sam-
ples in a sterile tube consisting 5 mL saline solution and 
then mix them using a vortex mixer at the maximum setting 
for 30s. Following incubation, the acrylic resin material gen-
tly washed twice with 5 mL PBS thus the non-adherent cells 
were removed. Portions (0.1 mL) of  dilutions were spread 
onto SDA and the medium were left for 24 hours at 37ºC.

After the incubation period, the yeast colonies were 
observed and the number of  colony forming units (CFU) 
per milliliter was calculated.

PMMA acrylic specimens without cells were used as 
negative controls in all experiments. All experiments were 
performed in triplicate on three separate occasions and 
evaluated by two independent microbiologists.

Biofilms were showed on pre-sterilized, polystyrene; 
flat-bottom 96-well microtiter plates (Thermo Scientific, 
USA). Each well of  the microtiter plate was filled with 100 
μL of  a standardized cell suspension (107 cells/mL). The 
plate was incubated for 1.5 hours at 37ºC with agitation at 
75 rpm thus, the yeast can adhere to the surfaces of  the 
wells.24 For control purposes, three wells of  each microtiter 
plate were prepared under the same conditions except that 
no Candida suspensions were added. Following the adhesion 
phase, the cell suspensions were aspirated and the wells 
were washed twice with 150 μL of  PBS solution to remove 
loosely attached cells. The washed wells were filled with 100 
μL SDB medium, and the plates were incubated at 37ºC in 
a shaker at 75 rpm. The SDB was replaced with fresh medi-
um daily.21 The biofilms were left to develop for up to 48 
hours. The biofilm formation was quantified by a modifica-
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tion of  a crystal violet assay described by others.25 All 
assays were done in triplicate on three different occasions.

The biofilm coated wells were washed twice with 200 
μL of  PBS and were left in room temperature to dry for 45 
min. The washed wells were stained with 100 μL of  0.4% 
crystal violet solution for 45 minutes. Then, each well was 
washed four times with 350 μL of  sterile distilled water to 
remove crystal violet and quickly destained with 200 μL of  
95% ethanol for 45 minutes. After destaining, 100 μL of  
destaining solution was transferred to a new well and the 
amount of  the crystal violet stain in the destaining solution 
was measured with a microtiter plate reader (Thermo 
Labsystems, USA) at 600 nm.21,25

Means and standard deviations were calculated using the 
Mann-Whitney U test. A P value of  less than 0.05 was con-
sidered statistically significant.

RESULTS

In adhesion assays, similar CFU numbers were calculated by 
two independent researchers. None of  the negative con-
trols exhibited adhesion. In biofilm assays, the HIV-positive 
subjects’ oral isolates and the reference strains were not dif-
ferent from each other and both showed similar absorbance 

readings. None of  the negative controls exhibited biofilm 
formation. By statistical analysis (Mann-Whitney U test), 
neither the adhesion assay (P=.52) nor the crystal violet 
assay (P=.42) revealed significant differences in adhesion 
and biofilm formation abilities between the two groups of  
isolates (Table 1, Table 2, Table 3, and Table 4).

DISCUSSION

Clinically, it is common to find C. albicans biofilms on natu-
ral host surfaces or on biomaterials, such as acrylic resins 
used for the construction of  denture bases. Biofilms, consist-
ing of  Candida species and bacteria on the denture material, 
cause inflammation and hyperplasia of  the oral mucosa.14,26 
Denture stomatitis is the most common form of  oral 
Candida infection among maxillary complete denture wear-
ers with 65% of  prevalence rate.27 Oral endogenous bacte-
ria and Candida spp. can easily establish colonies on denture 
base acrylic resin.28 Acrylic resin denture surfaces colonized 
by microorganisms might be a reservoir of  infection.11,12

C. albicans adhere to polymeric surfaces by Van der 
Waals and electrostatic forces. The augmentation made by 
electrostatic and hydrophobic forces for adherence process 
varies between substrate and environments. In the begin-

Table 1.  Test statisticsa of adhesion assays

Adhesion

Mann-Whitney U 10.000

Wilcoxon W 115.000

                Z -.635

Asymp Sig. (2 tailed) .525

Exact Sig. [ 2 (1 tailed Sig.)] .600b

a. Grouping variable: Group
b. Not corrected for ties.

Table 2.  Statistical analysis report of adhesion assays

Groups Mean N SD Median Minimum Maximum

1 73.25 2 78.842 73.25 18 129

2 44.04 14 33.132 39.75 1 113

Total 47.69 16 38.280 37.75 1 129

Table 3.  Test statisticsa of biofilm assays

Adhesion

Mann-Whitney U 9.000

Wilcoxon W 114.000

                Z -.794

Asymp Sig. (2 tailed) .427

Exact Sig. [ 2 (1 tailed Sig.)] .500b

a. Grouping variable: Group
b. Not corrected for ties.

Table 4.  Statistical analysis of the biofilm assays

Groups Mean N SD Median Minimum Maximum

1 56.75 2 38.537 56.75 30 84

2 37.93 14 32.648 26.50 2 97

Total 40.28 16 32.621 31.25 2 97

J Adv Prosthodont 2014;6:30-4



The Journal of Advanced Prosthodontics    33

ning these forces are important in the initial adhesion and 
then they cause further bonding and denture plaque forma-
tion. Saliva, serum, oral floara and surface topography and 
chemistry differences may affect this complicated pro-
cess.29,30 

Studies by Morgan and Wilson31 showed that bacteria 
and fungus affinity to rough acrylic resins. Denture fit sur-
faces are processed against dental plaster as a representative 
of  oral anatomy. The resultant surface will reproduce some 
of  the surface topography of  the stone and therefore will 
also not be particularly smooth. The intaglio surface of  the 
maxillary denture was more prone to colonization by C. 
albicans and was not smooth.31 Therefore, in the current 
study, in order to simulate tissue surface of  the dentures, 
the test sides of  the polymerized acrylic resin samples were 
not polished.

Another predisposing factor for oral mucosal Candida 
infections is the patient’s systemic condition associated with 
weakened, suppressed, or underdeveloped immune sys-
tems.27 Junqueira et al.17 have compared biofilm production 
of  oral and systemic C. albicans isolates from HIV-positive 
patients, using an in vitro biofilm model on silicone and 
acrylic resin. Their findings suggest that oral Candida infec-
tions are serious infections because the pathogenicity of  
oral Candida isolates is similar to systemic Candida isolates, so 
they have the potential to cause systemic infections.

In this study, we compared the properties of  oral C. 
albicans strains isolated from HIV positive subjects and ref-
erence strains with respect to their biofilm forming ability 
and their adherence on acrylic dentures. We used the crystal 
violet assay for the quantification of  biofilm formation. Jin 
et al.21 compared the XTT reduction assay and the crystal 
violet assay and their data indicated a significant correlation 
between the two methods. Since there are several studies 
indicating that the adhesions of  C. albicans to acrylic surfac-
es may be affected by several factors such as the saliva, 
serum, oral flora and sucrose rich diet, in vitro nature of  the 
investigation was the limitation of  our study.29 Many studies 
have demonstrated that body fluids, proteins, enzymes, 
electrolytes and lipids in vivo destroy biomaterials, cause 
roughness and make it easy for microorganisms to attach to 
the surfaces.32

It is well known that when we compare with healthy 
controls, HIV-infected patients may carry C. albicans in their 
oral environment with a heightened frequency of  oral can-
didiasis without any symptoms.10,26 One possible reason for 
this may be that the heightened biofilm-forming Candida 
isolates colonize in the oral cavities of  HIV-infected indi-
viduals. However, in our study, the statistical analysis shows 
there is no significant difference in both adhesion and bio-
film formation between strains of  C. albicans isolated from 
the oral rinse solutions of  HIV infected subjects and refer-
ence strains. Our results correlated with the study of  Jin et 
al.21 in that there were  no significant quantitative differenc-
es in biofilm formation between C. albicans isolates from 
HIV infected patients and isolates from HIV-free individuals.

CONCLUSION

According to our results, biofilm formation and adherence 
abilities of  C. albicans to acrylic resin materials do not seem 
to be related with the cause of  denture stomatitis and 
increased prevalence of  candida carriage in HIV-infected 
individuals. This might be due to the number of  control 
group, which consists of  two reference strains and also the 
limitation of  in vitro tests. Further studies with larger groups 
consisting of  healthy and HIV infected subjects are needed 
to elucidate how in vivo environmental factors interfere with 
our findings. 
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