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The purpose of the present study is to investigate the ability of oral Candida albicans strains to adhere
to Caco-2 and Hep-2 epithelial cells, to produce slime using Congo red and Safranin methods and to
form a biofilm on polymethylmethacrylate. A total of 20 C. albicans strains were tested in the present
work. The biofilm formed by C. albicans isolates on acrylic denture was measured in vitro using the
colorimetric method based on the reduction of the tetrazolium salt (XTT) and dry weight measurement.
Our results showed that oral C. albicans strains were able to adhere to epithelial cell lines and
biomaterials with different degree. In fact, more than 61% of the tested strains were adhesive to Hep-2
and 83% to Caco-2 cells. Strong slime production after safranin stain was found in 40% of strains.
Slime producer C. albicans strains (16 strains) tested by safranin staining method were highly adhesive
to Hep-2 (62.5%) and Caco-2 (87.5%) monolayers and biofilm formed on polystyrene and poly-methyl

methacrylate (PMMA) surfaces (100%, respectively).
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INTRODUCTION

The oral cavity is an open system in which Candida cells
are mixed with saliva and can adhere and grow. Candida
albicans is a commensal pathogen that lives on the skin
and mucosal surfaces of the genital and intestinal tracts
as well as in the oral cavity (Calderone and Fonzi, 2001).
This yeast is the principal etiological agent of oral
candidal infection (Budtz-Jorgensen, 1990; Nikawa et al.,
1998; Webb et al.,, 1998). Candida strains have been
isolated from 93% of patients with denture stomatitis
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Abbreviations: CSH, Cell surface hydrophobicity; YPD, yeast
peptone dextrose; YNB, yeast nitrogen base; PBS, phosphate
buffered saline; MEM, minimum essential medium; NA, non
adhesive; W, weak adhesion; M, medium adhesion; S, strong
adhesion; MIC, minimum inhibitory concentration.

which are now considered to be the commonest form of
oral candidosis (Budtz-Jorgensen et al., 1975). The
adherence of C. albicans to host cells or polymers such
as denture acrylic resin and soft lining materials is an
essential and necessary first step in successful coloni-
zation and the development of pathogenesis and
infection (Gristina et al., 1993; Cannon and Chaffin,
1990). Several studies have been conducted on the
adhesion, biofilm formation and colonization of C.
albicans to a range of dental materials such as oral
prostheses (Edgerton et al.,, 1993; Goldman and Pier,
1993).

The adhesion of C. albicans cells to acrylic resin
dentures (polymethylmethacrylate) directly or via the
salivary pellicle is a first step to developing an infectious
process (Edgerton et al., 1993; Chandra et al., 2001;
Ramage et al., 2004; Avon et al., 2007). Attachment to
cells is followed by proliferation and biofilm formation
(Hawser and Douglas, 1994; Baillie and Douglas, 2000).
Several factors implicated in the adhesion of Candida to
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the acrylic resin base have been reported from in vitro
studies (Moura et al., 2006; Pereira-Cenci et al., 2006;
Noumi et al., 2009). Surface structure, properties and
composition of biomaterials, hydrophobicity and rough-
ness influence the adhesion of microorganisms on
biomateria (Busscher et al., 1992; Verheyen et al., 1993).
Some previous studies have demonstrated that compo-
nents of the acrylic resin may reduce the adhesion and
inhibit the growth of Candida (Waltimo et al., 1999).
Although the strongest mechanism for adherence invol-
ves a mannoproteins adhesin on C. albicans, cell surface
hydrophobicity (CSH) has been described by many
investigators as involved in adherence (Hazen, 1989;
Cannon and Chaffin, 1999). Hydrophobic proteins,
however, embedded in the matrix of the C. albicans cell
wall beneath the fibrillar layer provide the hydrophobic
interactions needed to turn this initial attachment between
the fungus and the surface into a strong bond (Rosenberg
et al., 1983; Jose et al., 1991; Mary Ann et al., 2001).

Adhesion ability of C. albicans to epithelial cells has
been frequently tested on HelLa, human embryonic kid-
ney epithelial cells, fibroblasts and Hep-2 cells (Bektic et
al., 2001). Cotter and Kavanagh (2000) reported that
adhesion to buccal epithelial cells is an essential condi-
tion to oral candidiasis. Moreover, when adhered to
epithelial cells and biomaterials, Candida produces large
quantities of extracellular polymeric substance in solu-
tions enriched with glucose. Slime is considered as a
virulent factor produced by Candida strains related with
their persistence and colonization of the host tissues
(Vinitha and Ballal, 2007).

The aim of the present work is to study the cell surface
hydrophobicity and to compare the adhesion ability of
oral C. albicans strains to biotic surface (epithelial cells:
Caco-2 and Hep-2) and abiotic surface (polystyrene and
acrylic denture: polymethylmethacrylate) and their capa-
city to produce exopolysaccharide using Safranin staining
method.

MATERIALS AND METHODS
Patients

Clinical C. albicans strains were associated with oral candidiasis
and isolated from patients frequenting the Dental Hospital of
Monastir town (Tunisia). The symptoms associated with oral
Candida infection were ranged from none to a painful burning
sensation that may interfere with the ability to swallow (dysphagia)
and ability to take in nutrition. Patients used demonstrated
erythematous, pseudomembranous, and denture stomatitis. This
oral candidiasis was often associated with diabetes, smoking,
prosthesis and poor oral hygiene.

Clinical strains, media, growth conditions and enzymatic
characterization

A total of 17 clinical C. albicans isolates and three C. albicans type
strains were used in the present study (Table 1). Samples were
collected from the oral cavity, the gingival sulci and the pharyngeal

portion, using a swabbing method. Yeast strains were cultured into
sabouraud chloramphenicol agar (Bio-rad, France) for 48 h at 35°C.
All oral isolates were identified by standard microbiological
methods: macroscopic test on sabouraud chloramphenicol agar
while microscopic test was by induction of hyphal form on Lee’s
medium. The carbohydrates assimilation was tested using the ID
32°C system (bio-Mérieux, Marcy I'Etoile, France) according to the
manufacturer’s specification and the results were read using an
automated microbiological mini-Api (bio-Mérieux). C. albicans ATCC
90028, C. albicans ATCC 2091 were kindly provided by Professor
Stefania Zanetti (University of Sassari, ltaly) and C. albicans SC
5314 were used in this study as type culture strains (Table 1). The
genomic confirmation of all C. albicans strains tested at the species
level was done according to the protocol described by Baquero et
al. (2002) by amplification of a CaYST1 gene intron fragment.

Cell surface hydrophobicity (CSH)

The hydrophobicity of Candida strains was measured according to
the protocol described by Rosenberg et al. (1983) which consists in
measuring the adherence of the yeast to hydrocarbons, such as
cyclohexane or xylene.

The tested strains were grown overnight in 5 ml of yeast peptone
dextrose (YPD) or yeast nitrogen base (YNB) broth at 28°C. Cells
were washed with phosphate buffered saline (PBS) and concen-
trated to obtain a solution corresponding to ODeggo = 1. For adhesion
assays, 3 ml of the cell suspension were mixed with 150 pl of
cyclohexane or xylene in an acid-washed glass tube. The sample
was vigorously mixed using vortex for 1 min. After 20 to 60 min at
room temperature, the absorbance at 600 nm of the aqueous phase
(A1) was measured and compared with that obtained prior to the
mixing procedure (Ao). The percentage of cells in the cyclohexane /
xylene layer (adhered cells) was used to estimate the hydropho-
bicity using the following formula:

Percent cell adhesion = (A1/Ag) x 100

All tests were run in duplicate. The results shown represent the
mean of two consecutive experiments.

Qualitative detection of exopolysaccharide (slime) production

Slime production was determined using the safranin method
described for coagulase negative staphylococci briefly modified by
Christensen et al. (1982) and Davenport et al. (1986). Briefly, a
loopful of organisms from the surface of a Sabouraud dextrose agar
plate was inoculated into a tube containing 10 ml of Sabouraud
broth supplemented with glucose (final concentration, 8%). The
tubes were incubated at 35°C for 24 h and examined for the
presence of a viscid slime layer. Slime production by each isolate
was scored as negative, weak (1+), moderate (2+), or strong (3+).
Each isolate was tested at least three times and read independently
by two different observers.

Adherence assay to human epithelial cells lines: Hep-2 and
Caco-2

Adhesion test was carried out in the Department of Biomedical
Sciences, University of Sassari, Italy. Two human epithelial cell
lines Hep-2 (cells from human laryngeal carcinoma) and Caco-2
(cells from human colon adenocarcinoma) were used in this study.
For thus, the epithelial cells were grown, maintained in Eagle’s
minimum essential medium (MEM) medium (Gibco BRL, Life
Technologies, Rockville, MD, USA) supplemented with 10% fetal
bovine serum (Gibco, BRL) 1000 IU/ml of both penicillin and
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Table 1. Cell surface hydrophobicity, adhesive properties and biofilm formation of C. albicans on polystyrene microtiter plates,
polymethylmethacrylate biomaterial, and epithelial cells.

Strainy Origin Hydrophobicity (%) (.:Zg:ggi:; (meaP'I:II(I\)IIIl)\m . Dry weight Safranin Epithelial cells
X Cc SD) - SD) - (mg % SD) assay Hep-2 | Caco-2
Rs (ATCC 90028) 88.4 84.9 0.26 £0.014 0.356 + 0.006 3.46 £ 0.046 +++ NA W
Ri (ATCC 2019) * * 0.246 + 0.021 0.264 + 0.009 1.84 £ 0.054 ++ * *
Vi (SC 5314) 97.4 92 0.255+0.019 0.354 £ 0.011 1.69 £0.02 +++ * *
3! Tunisia 71.8 70.5 0.233 £ 0.028 0.335+0.011 4.81%0.0451 +++ S S
4 Tunisia 98 96.2 0.224 + 0.023 0.395 + 0.006 3.79 £ 0.046 +++ S W
6 Tunisia 97.3 97.4 0.229 + 0.027 0.329 + 0.008 2.43 £0.03 ++ NA S
7 Tunisia 98.8 93 0.234 £ 0.019 0.402 + 0.008 2.77 £0.035 ++ NA M
9 Tunisia 62.8 711 0.242 + 0.008 0.317 £ 0.009 1.53£0.019 ++ S W
10  Tunisia 69.9 73.2 0.213+£0.02 0.377 £0.019 3.88 £ 0.081 +++ S S
11 Tunisia 40.2 46.5 0.234 £ 0.045 0.356 + 0.01 2.0 £0.022 + NA NA
13 Tunisia 88.1 86.9 0.233 +0.036 0.348 + 0.005 1.68 £ 0.029 4+ NA NA
14 Tunisia 91 81.1 0.223 +0.019 0.342 £ 0.009 1.98 £ 0.006 ++ S S
158 Tunisia 92.4 94.8 0.287 £ 0.101 0.353 £ 0.004 2.12+£0.074 ++ S M
16  Tunisia 81.4 61.6 0.264 + 0.045 0.351 £ 0.003 4.03 £0.016 +++ S S
17  Tunisia 90.7 79 0.27 £ 0.005 0.342 £ 0.017 0.92 £ 0.057 ++ S S
17z  Tunisia 66.3 82.6 0.266 +0.013 0.336 £ 0.02 2.97 £ 0.031 ++ NA M
18  Tunisia 81.6 82.3 0.245 + 0.004 0.255 + 0.029 1.86 £ 0.044 ++ S W
21 Tunisia 77 72.7 0.278 £0.014 0.343 £ 0.005 1.79 £0.042 +++ S S
65  Tunisia 95.1 74 0.262+ 0.01 0.37£0.02 3.76 £ 0.051 + S S
l2 ltaly * * 0.266 +0.013 0.36 + 0.03 2.54 +0.059 ++ NA NA
% of positive tests | 82.68 % | 79.96 % 61.1 83.3

X, Xylen; C, cyclohehaxane; PMMA, polymethylmethacrylate; NP, slime non-producer; Hep-2, cells from human laryngeal carcinoma; Caco-2, cells
from human colon adenocarcinoma; NA, none adhesive; W, weak adhesion; M, medium adhesion; S, strong adhesion; +, slime weak positive; ++,
moderate positive; +++, strong positive; SD, standard deviation; *, not tested strain.

streptomycin. Twenty-four well tissue trays (Falcon) were seeded
with the two cells lines (10° cells/well). Plates were incubated for 18
h at 37°C in a humidified atmosphere with 5% of CO,. The
semiconfluent monolayers were washed with fresh MEM containing
1% foetal bovine serum. Adhesion of Candida strains to Hep-2 and
Caco-2 cells was tested as described previously by Holmes et al.
(2002). Candida strains were grown at 37°C in YPD medium (10 g
of yeast extract, 10 g of peptone and 10 g of glucose in 1000 ml of
distilled water).

For adherence assay, 100 ul of 10’ cells /ml were added to Hep-
2 and Caco-2 cells, transferred to sterile 24-well plates (Nalgene
Nunc, Rochester, NY, USA) and incubated at 37°C for 3 h in 5%
CO,. After being washed three times with phosphate-buffered
saline (PBS, pH 7.4), Candida cells bound to cells were fixed with
methanol, stained with Giemsa stain and examined microscopically
(magnification x40). Uninoculated cell lines served as negative
controls. The number of yeasts adhering to each of cell lines was
counted. All organisms were tested three times. The adhesion
index was assayed: NA = non adhesive (0 to 10 Candida/cells); W=
weak adhesion (10 to 20 Candida/cells); M = medium adhesion (20
to 50 Candidal/cells); S = strong adhesion (50 to 100 Candida/cells).

Biofilm assay on polystyrene and polymethylmethacrylate

In the present study, biofilms were produced on commercially

available presterilized polystyrene flat-bottom 96-well microtiter
plates (lwaki, Tokyo, Japan) for 66 h on yeast nitrogen base (YNB).
Measurement of biofilm formation was studied by the 2,3-bis(2-
methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide
(XTT) reduction assay according the method described by Kuhn et
al. (2002). The denture base materials used is Paladur-B
(Translucent pink, Heraeus Kulzer GmbH). This biomaterial is
usually used in the preparation of dental prosthesis in our country.
The strips were made according to the method of Samaranayake
and MacFarlane (1980).

The ability of C. albicans strains to form a biofilm was tested
according to the protocol described by Chandra et al. (2001). For
thus, cells were grown for 24 h at 37°C in yeast nitrogen base
containing 50 mM of glucose. Batches of medium were inoculated
with overnight yeast cultures and incubated at 37°C in an orbital
shaker operating at 150 rpm. Cells were harvested after 24 h
(stationary growth phase), washed once with phosphate-buffered
saline (PBS, pH 7.2), and standardized to a density at 1 x 10’
cells/ml. A volume of 80 pl of the standardized C. albicans cells
susEensions was applied to polymethylmethacrylate strips (1.5
Cm®) placed in a 12-well tissue culture plate. The cells were
allowed to adhere for 90 min at 37°C (adhesion phase). Non-
adherent cells were removed from the strips by being gently
washed with 5 ml PBS. Strips were then submerged in 4 ml of YNB
containing 50 mM of glucose. Strips to which no cells were added
served as negative controls. Control and experimental strips
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were incubated at 37°C for 72 h (biofilm growth phase).

Quantitative measurement of biofilm

We have adopted two protocols previously described by Chandra et
al. (2001) to quantify the biofilm formation by C. albicans strains:
Dry-weight analysis was used to determine the total biofilm mass,
while a colorimetric method was applied to determined the
mitochondrial dehydrogenase activity of the metabolic fungal cells.
For dry-weight determination, the biofilms were scraped from each
strip into 4 ml PBS and transferred to a tube. The strip was vortexed
to remove any remaining residual biofilm material. The pooled
suspension was filtered through a pre-weighed filter (0.45 pm pore
size), washed with PBS, air-dried at 35°C for 24 h, and weighed.
The colorimetric assay investigates metabolic reduction of 2,3-
bis(2-methoxy-4-nitro-5-sulfophenyl)-5-[(phenyl amino) carbonyl]-
2H-tetrazolium hydroxide (XTT) to a water-soluble brown formazan
product. Strips with biofilms were transferred to 12-well tissue
culture plates containing 4 ml PBS/well. Fifty microliters of XTT (1
mg/mL in PBS) and 4 pl of menadione solution (1 mM in acetone)
were added to each well. Plates were incubated at 37°C for 5 h.
The entire contents of the well were transferred into a tube and
centrifuged (5 min, 6000 g). XTT formazan in the supernatant was
determined spectrophotometrically at 492 nm. Experiments were
performed in triplicate.

Statistical analysis

The data were analyzed using the statistical program SPSS version
14.0 (Statistical Package for the Social Sciences). Since low
samples numbers contributed to uneven variation, the adhesion
results were analyzed by the nonparametric Wilcoxon test.
Statistical calculations were based on a confidence level 295% (P <
0.05 was considered statistically significant).

RESULTS
Yeast characterization

All C. albicans strains tested were successfully identified
using ID 32°C strips. This biochemical system was
previously used with success to identify Candida strains
isolated from different body sites (Cardenes-Pereraa et
al., 2004; Noumi et al., 2009). All strains tested were
genetically confirmed to belong to C. albicans species as
they amplify the 310-pb size fragment corresponding to
the CaYSTT1 gene intron fragment. The three C. albicans
reference strains tested (ATCC 90028, ATCC 2019 and
SC 5314) produce a 310-pb region specific for this
species (Noumi et al., 2009).

Adhesion to solvent

The results of measuring the adherence of Candida cells
to liquid hydrocarbons (Xylen and cyclohexane) are
summarized in Table 1. The two tested hydrocarbons
were able to bind Candida cells with different degrees
function of the species. In fact, the optimal adherence
was observed in the presence of xylen: 82.68% for C.

albicans; 85.23% for C. parapsilosis; 76.45% for C.
glabrata; 79.07% for C. kefyr; 74.3% for C. holmii and
40.2% for C. sake. Adherence to cyclohexane was lower
than that observed for xylen. This sequence of affinity for
the tested hydrocarbons has been observed with the six
tested Candida species especially for C. holmii (74.3 %
for xylen and 53.7% with cyclohexane) and may be
related to the relatively high viscosity of cyclohexane.

Our results showed that C. albicans is the most hydro-
phobic specie using Xylen and cyclohexane as liquid
hydrocarbons.

Slime production

Figure 1 shows the different ranges of slime production
by C. albicans strains on glass tubes stained with 1%
safranin. Using this method, slime production was
demonstrated in all of C. albicans isolates tested (Table
1). The majority of isolates (90%) and standard strains
showed moderate to high slime production. Strong slime
production was found in eight strains (Ry, Vi, 3', 4, 10,
13, 16 and 21). Two isolates (10%) were weakly positive
slime producer. Five C. albicans strains (R', V', 4, 10 and
13) having the same morphotype (orange) obtained on
CRA plates were strong slime producers tested with
safranin staining method (Table 1).

Adherence to Hep-2 and Caco-2 epithelial cells

The C. albicans strains were able to adhere to the two
cell lines used in this study with different degree: 83% to
human colon adenocarcinoma cells (Caco-2 cells) and
61% to human laryngeal carcinoma cells (Hep-2). All
these data are summarized in Table 1. Seven strains
(38.8%) were unable to adhere to Hep-2 cells and three
(16.6%) to Caco-2 cells. Eleven strains (61.1%) were
able to adhere strongly to Hep-2 cells and eight (44.4%)
to Caco-2 cells. Seven C. albicans strains (strains 3', 10,
14, 16, 17, 21 and 65) isolated from oral cavity of patients
suffering from denture stomatitis were strong adhesive to
the two cells lines. Figure 2 presents the Optic microscopy
of C. albicans (strain n° 16) showing strong adherence
ability to epithelial cells.

Quantitative biofilm formation by C. albicans strains
on polystyrene

All C. albicans strains were adhesive to polystyrene 96-
well microtiter plate at different degrees. The optical
density values of XTT reduction estimated at 492 nm
were ranging from 0.213 to 0.287 (Table 1). Three C.
albicans strains (15g, 17 and 21) strongly adhesive to
Hep-2 cells also showed high potency to adhere to
polystyrene plates. Also, the oral C. albicans strain 16
with high ability to adhere to polystyrene was strong
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Figure 1. Different ranges of slime production by C. albicans strains on glass tubes stained
with 1% safranin. (a) Weak slime production (C. albicans: strain 65); (b) moderate slime
production (C. albicans: strain 17); (c) strong slime production (C. albicans ATCC 90028).

Figure 2. Optic microscopy of C. albicans (strain n° 16) showing strong adherence ability
to epithelial cells. A and C: negative controls, B and D: Adhesion to Hep-2 and Caco-2
epithelial cells respectively. The adherence assay was performed as described in the text.
Giemsa stain: magnification (x40).
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Figure 3. SEM of a C. albicans mono-species biofilm formed on PMMA surface showing fungal cells.

slime producer when tested with safranin stain.

Quantitative biofilm formation by C. albicans
strains on PMMA

In this study, we determined whether the meta-
bolic acti-vity and total biomass of C. albicans
biofilms, as determined by reduction of XTT dye
and dry weight measurement in the presence of
glucose as a carbon source. We found that
metabolic activity of C. albicans biofilm formed on
polymethylmethacrylate did not differ between all
tested strains (Table1). Out of seven strains able

to adhere strongly to the two epithelial cell lines
(Caco-2 and Hep-2), only two strains (4 and 65)
were highly adhesive to polymethyl-methacrylate
surface. The two C. albicans strong slime
producers (4 and 10) obtained with safranin stain
showed high ability to form biofim on PMMA
(Table1).

Figure 3 showed the morphology of C. albicans
biofilm formed on PMMA strips visualised by
scanning electron microscopy. The C. albicans
reference strain ATCC 2019 was weak biofilm
forming strain on polystyrene plates and poly-
methylmethacrylate surface and also slime
moderate positive strain (Table 2).

DISCUSSION

This study represents the first attempt to study the
adhesion ability of clinical C. albicans strains
associated with oral candidiasis and isolated from
patients frequenting the Dental Hospital in
Monastir (Tunisia) during year 2007. Oral C.
albicans strains were identified on the basis of
their biochemical activities tested on ID 32°C
strips and their exoenzymes profile. These strains
were biochemically heterogeneous. All C. albicans
strains were genetically confirmed at the species
level as they amplify a 310-pb fragment as
described previously by Baquero et al. (2004).
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Table 2. Comparison of slime production with adhesion to epithelial cells and ability to form a biofilm on

polystyrene and PMMA surfaces.

Parameter Cell

Slime (+) using safranin method 16 (88.88%)

. N Hep-2
Adh helial cell

esion to epithelial cells Caco-2
Biofilm on polystyrene

Biofilm on PMMA

10/16 (62.5%)
14/16 (87.5%)
16 (100%)
16 (100%)

Slime+: Total slime positivity (weak positive, moderate positive and strong positive).

Slime production is considered as a virulent factor of
Candida strains responsible of infection dissemination in
susceptible hosts, their persistence and colonization of
the host tissues (Ramage et al., 2001a; Ramage et al.,
2001b, Ramage et al., 2005). Slime production of a
Candida isolate is highly correlated with other properties
responsible for its firm adherence such as hydrophobicity
(Li et al., 2003). In fact, the ability of C. albicans strains to
produce slime was tested by safranin stain. We founded
that 90% of isolates showed moderate to high slime
production. Indeed, six oral C. albicans strains, C. albicans
ATCC 90028 and SC 5314 were strong slime producers
and only two isolates (10%) were weak slime producing
strains. Our results are similar to those reported by
Ozkan et al. (2005) who founded that 82.8% of C.
albicans strains were slime positive and 11.43% were
strongly slime producer strains.

Kalkanci et al. (1999) investigated the correlation bet-
ween the Candida strains and clinical isolation areas for
slime production. Weak slime production was found in
8% and strong slime production was found in 4% of the
strains. Slime positivity for C. albicans was 9.3%; on the
other hand it was 25% for non-albicans strains. The slime
factor is more important for non-albicans strains (C. kefyr,
C. tropicalis, C. rugosa, C. krusei).

Yicesoy et al. (2003) have investigated the biofilm
production of various Candida strains and compared this
activity with fluconazole and amphothericin B suscep-
tibility. There was no statistically significant difference
between Candida strains biofilm activity and susceptibi-
lities to amphothericin B. However, with Candida strains,
statistically significant difference was determined
between biofilm activity and susceptibilities to fluconazole
by tube adherence method.

Ozkan et al. (2005) studied the slime and proteinase
activity of 54 strains consisting of 19 C. parapsilosis and
35 C. albicans strains isolated from blood samples and
compared Ketoconazole, amphothericin B, and flucona-
zole susceptibility of Candida species with slime
production and proteinase activity. For both Candida
species, no correlation was detected between the slime
activity and minimum inhibitory concentration (MIC) val-
ues of the three antifungal agents and between the
proteinase activity and the MIC values of amphothericin
B, and fluconazole; however, statistically significant
difference was determined between the proteinase activity

and MIC values of ketoconazole.

We studied the ability of C. albicans isolates to form
biofilm on different surfaces. Two operational steps are
involved in the biofilm formation: adhesion and biofilm
growth and maturation (Baillie and Douglas, 2000) which
are associated with the ability to cause infections and is
considered as an important virulence factor during
candidiasis. Our Candida strains were able to adhere to
polystyrene microtiter plates. We noted that adhesion
ability differed from strain to strain. Statistical analysis
showed that there is no correlation between the slime
producing ability tested with safranin stain and the
adhesion power developed on polystyrene material (P >
0.05). In fact, some weak slime producer strains were
adhesive to polystyrene microtiter plates (OD4g = 0.278)
after determination of metabolic reduction of XTT.

Acrylic dentures play an important role by increasing
the risk of Candida colonization, by acting as reservoirs
of micro-organisms (Edgerton et al., 1993). In our work,
only the polymethylmethacrylate was tested because it is
the material most commonly used for the fabrication of
dental prostheses. Previous studies demonstrated that
the metabolic activity of C. albicans grow as a biofilm
increased with time and XTT reduction assay (Chandra et
al., 2001). Our results demonstrated that metabolic
activity of C. albicans biofilm formed on polymethyl-
methacrylate did not differ between tested strains. Also,
strong slime producing strains showed high ability to form
biofilm on PMMA because the production of a slime layer
(biofilm) has been associated with the ability of some
organisms to adhere to the surfaces (Franson et al.,
1984).

The process of candidal adhesion to acrylic resins is
complex. Previous studies have shown that a number of
factors including poor oral and denture hygiene, low pH
under dentures, intake of dietary carbohydrates, Candida
cell surface mannoprotein, and surface free energy of the
resin strips modify the adhesion and colonisation of
Candida (He et al., 2006). Biswas and Chaffin (2005)
reported that anaerobically grown C. albicans SC 5314
was unable to form a true biofilm on three different
substrata namely, polymethylmethacrylate strips, glass
cover slips, and polystyrene tissue culture plate. The
penetration of yeasts at the acrylic-liner junction point
may contribute to deterioration of the prosthesis lining
and function (Bulad et al., 2004).
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In this study, overall tested C. albicans isolates were
able to adhere to the two epithelial cell lines with different
degree. These strains were more adhesive to Caco-2
cells (83.3%) than Hep-2 cells (61.1%). These data are in
accordance with the results shown by Holmes et al.
(2002) who studied the effect of saliva on the adherence
of C. albicans to human epithelial cells. These researc-
hers reported that C. albicans adhered to monolayers of
all three epithelial cell lines (A549, Hep-2, and HET-1A).
In fact, adhesion of C. albicans isolates to epithelial cells
is an initial event in the development of candidiasis and
pathogenesis (Cannon and Chaffin, 1999; Willis et al.,
2000; Ueta et al.,, 2000). Candida strains adhere to
several cell types, such as oral epithelial cells (Willis et
al., 2000) and cultured epithelial cell lines (Ueta et al.,
2000). Of the16 slime positive strains, 62.5% were found
to be adherent to Hep-2 cells and 87.5% were adherent
to Caco-2 monolayers. All C. albicans slime positive
strains were biofilm producers on both polystyrene and
PMMA surfaces (Table 2).

Conclusion

In this work, the majority of oral C. albicans isolates were
able to adhere to epithelial cell lines and biomaterials with
different degree. The Congo red method is not an
appropriate method to discriminate between slime positive
and slime negative C. albicans strains. Adhesive proper-
ties of C. albicans strains allow this yeast to survive in
oral cavity, to colonize and damage tissues and cells.
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