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Abstract   

Background and aims. It is believed that adherence of Candida albicans to oral surfaces is a critical event in the coloni-

zation and development of oral diseases such as candida-associated denture stomatitis. Although there is considerable informa-

tion about the adherence of Candida albicans to buccal epithelial cells and prosthetic materials, there is very little information 

available about the adherence of Candida albicans to glass ionomer materials. The purpose of this study was to investigate the 

degree of Candida albicans adherence to glass ionomer restorative material.           

Materials and methods. In this experimental study adherence of Candida albicans strains was studied with and without 

human whole saliva. First, glass ionomer fragments were prepared; then yeast cells were inoculated and incubated with differ-

ent incubation times. After incubation, the fragments were removed from the wells and stained with 0.1% calcofluor white. 

Adhesion was quantified by counting the total number of cells at 40, 80 and 120 minutes. The analysis of variance and Stu-

dent's test were used to assess the significance of differences between the means.   

Results. In the absence of saliva, the adherence of Candida albicans showed an increase, reaching a maximum at the end of 

the experiment (120 minutes). However, in the presence of saliva, the adherence of Candida albicans to glass ionomer signifi-

cantly decreased.   

Conclusion. The presence of human whole saliva is an important factor in the adherence of Candida albicans to glass 

ionomer restorative material.   
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Introduction  

andidiasis is an opportunistic fungal infection 
most commonly caused by the Candida genus, 

Candida albicans.1 Approximately 60% of healthy 

adults and 45% to 65% of healthy children may har-
bor commensal candidal microorganisms without 
demonstrating any clinical signs or symptoms of mu-
cosal disease.2,3 Under a variety of pathologic condi-
tions, Candida species can proliferate in the mouth 
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and produce oral lesions. Predisposing factors play a 
significant role in the development of oral candidiasis. 
Low salivary function, poor oral  hygiene,4  removal 
of intraoral prostheses,5 chronic antibiotic therapy,6  
diabetes,7 systemic steroid therapy,8 and immunologic 
impairment (HIV infection)9 have been associated 
with increased susceptibility to oral candidiasis. Sa-
liva plays a significant role in oral homeostasis. There 
is also some evidence that salivary IgA inhibits oral 
adhesion of Candida albicans.10 

Medical implants such as catheters, prosthetic car-
diac valves and dental prostheses have improved the 
health status of many patients. However, these devices 
can become colonized by different microorganisms to 
form a biofilm and establish a reservoir for chronic 
inoculation and dissemination of microbial cells. In 
the last few years, several studies have demonstrated 
the capacity of different microorganisms to adhere to 
tooth surfaces and dental prostheses. The surface hy-
drophobicity and electrostatic forces seem to play a 
key role in the adhesion process of Candida species to 
plastic materials.11 Maza showed that the presence of 
saliva is an important factor in the adherence of Can-
dida albicans to resin-composite restorative materi-
als.12 Tronchin and Kennedy found that Candida albi-
cans can adhere to plastic materials and predispose to 
Candida infections.13,14 Since adherence of oral mi-
croorganisms to restorative materials is a new area of 
research, there is not sufficient information regarding 
its role in the pathogenesis of oral diseases. However, 
it is expected that microorganisms adhering to restora-
tive materials can colonize other oral surfaces, even-
tually causing oral infections in predisposed individu-
als. The purpose of this study was to investigate ad-
herence of Candida albicans strains to glass ionomer 
restorative material because of its widespread clinical 
use. We have also studied the possible influence of 
human whole saliva on adherence, because we have 
recently demonstrated that saliva can play a role in the 
adherence of Candida albicans to polystyrene materi-
als.15   

Materials and Methods  

In this experimental study, a modified version of the 
method described by Tronchin et al13 was used. Un-
stimulated whole saliva samples were collected in the 
morning on the day the experiment was carried out 
from a healthy female donor to eliminate sample 
variations. The donor had not taken any medications 
during the 3-month period preceding the study and 
had no active periodontal disease or active caries or 
cigarette use.13 Saliva was kept at 4°C and used the 
same day. In order to prepare glass ionomer mixtures, 

equal ratios of powder and liquid of Fuji II LC glass 
ionomer (GC, Tokyo, Japan) were mixed according to 
manufacturer’s instructions. 

Subsequently, the mixture was placed between 2 
glass slides separated by spacers to leave a uniform 
distance of 1 mm between the glass slides. After 
photo-polymerization for 40 seconds from each side 
with a halogen light-curing unit (Coltolux 3, Col-
tene/Whaledent, Mahwah, NJ, USA), the plates were 
cut into fragments of 10×10 mm, polished with soft 
disks and washed with distilled water before being 
used in the adherence experiments. Yeast cells were 
inoculated into medium 199, pH 6.7 at a final concen-
tration of 8 × 105 cells/mL and incubated for different 
times at 37°C in 24-well tissue culture polystyrene 
plates containing the glass ionomer pieces and 350 µL 
of the yeast cell suspension. After incubation, the 
fragments were removed from the wells, washed with 
saline solution, and stained with 0.1% calcofluor 
white in saline for 20 minutes at room temperature. 
Glass ionomer fragments were washed again, and the 
fluorescence was read under a microscope equipped to 
detect fluorescence. Adherence was quantified by 
counting the total number of cells at 40, 80, and 120 
minutes, time intervals which present a wide range of 
adherence levels.12 For each glass ionomer square, 12 
fields (0.64 mm2 each) were counted by means of a 
graticule mounted in the focus of the ocular. Results 
were expressed as the number of cells per millimeter 
squared (mean values derived from 4 independent as-
says). All the values quoted represent mean figures 
derived from at least 4 independent assays. To deter-
mine the effect of saliva on adherence, the glass iono-
mer pieces were pre-incubated in 350 µL of whole 
saliva for 30 minutes at 37°C. T-test was used to com-
pare the groups. Statistical significance was defined at 
P < 0.05.   

Results  

In the absence of human saliva, the adherence of Can-
dida albicans to glass ionomer increased with time, 
reaching a maximum at 120 minutes (Figure 1). In the 
presence of saliva, the adherence of Candida albicans 
to glass ionomer also increased with time reaching a 
maximum at 120 minutes (Figure 2).  Saliva signifi-
cantly reduced the adherence of Candida albicans to 
glass ionomer fragments when compared with the ad-
herence in the absence of saliva (P < 0.01).  

The means of yeast cell adherence to glass ionomer 
fragments in the presence and absence of saliva were 
22, 34, and 42 cells/mL at 40, 80, and 120 minutes, 
and 42, 58, and 62 cells/mL at 40, 80, and 120 min-
utes, respectively.  
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Discussion  

Infections caused by Candida species are increasing 
as the number of immunocompromised patients in the 
community increases. Thus, oral candidiasis is the 
most common oral opportunistic infection seen in 
such patients. Other risk factors for oral candidiasis 
include aging, pregnancy, denture wearing, poor oral 
hygiene, diabetes, antibiotic therapy and immunologic 
impairment. Although other Candida species may be 
involved, Candida albicans is the major etiologic 
agent in oral and systemic candidiasis.16 In addition, 
adherence of Candida albicans to artificial materials 
such as those of dental prostheses, catheters and other 
medical devices seems to be a critical event in the ini-
tiation of colonization and infection. This process may 
be specially important in denture stomatitis, where 
Candida albicans can adhere to the acrylic resin to 
form a reservoir for chronic dissemination of fungal 
cells.17 Despite the information about the adherence of 
oral microorganisms to these materials, the published 
information is mainly restricted to oral bacteria.18 Our 

group is interested in the adherence of Candida spe-
cies to glass ionomer. Some researchers have previ-
ously developed a model to study the adherence of 
Candida species to glass ionomer fragments.19 The 
results of the present study showed that Candida albi-
cans can directly adhere to glass ionomer restorative 
material, which is consistent with previous results ob-
tained using plastic materials.13,14,20 Studies have 
found that Candida albicans can adhere to plastic and 
composite materials and initiate colonization of can-
didal infections.12-14,20 

Since the adherence of Candida albicans to oral sur-
faces has been purported to be modulated by different 
salivary components, we have also included saliva in 
this study.  

The effect of human whole saliva on the adherence 
of Candida albicans to glass ionomer fragments was 
evaluated. Under the conditions evaluated, whole sa-
liva caused a statistically significant decrease in ad-
herence. Our results are consistent with those of 
Samaranayake and MacFarlane21 and McCourtie et 
al,22 who have demonstrated that pre-incubation of 
acrylic strips with whole saliva decreases the adher-
ence of Candida albicans to denture acrylic resin in 
vitro.  

The salivary components responsible for the de-
crease in adherence of Candida albicans to glass 
ionomer fragments are presently unknown, but saliva 
contains different components including high molecu-
lar weight mucin, amylase, and secretory IgA, which 
have been shown to decrease adherence of Candida 
albicans to denture acrylic resin in vitro and to epithe-
lial tumor cells.21,23  

Conclusion   

The results of the present study demonstrated that the 
presence of human whole saliva is an important factor 
in the adherence of Candida albicans to the glass 
ionomer restorative material. 
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