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Background/aim: This study compared the genotypes and virulence factors of Candida species isolated from oral cavities of healthy
individuals and patients with diabetes mellitus (DM).

Materials and methods: A total of 142 healthy individuals and 73 diabetic patients participated in this study. Study populations were
classified into 4 groups as follows: Group I — Healthy, without caries; Group II — Healthy, with caries; Group IIT — DM, with caries;
Group IV — DM, without caries. Diabetic patients’ blood glucose and hemoglobin Alc concentrations were determined. Identification
of Candida species was performed with conventional methods. Biofilm production, proteinase, phospholipase, and esterase were
analyzed. The genetic diversity of Candida species was established using rep-PCR.

Results: The most isolated species was Candida albicans. There were statistical differences in terms of isolated Candida frequency
between healthy subjects and diabetic patients. There was no statistical difference between the virulence factors of groups. Twelve
genotypes were determined. While there were statistical differences in aerobe biofilm production, proteinase, and phospholipase activity
between genotypes, there were no statistical differences in anaerobe biofilm production and esterase activity between genotypes.

Conclusion: Diabetes has no effect on the activities of virulence factors of Candida species. Different genotypes of Candida albicans
exhibited different virulence activities.
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1. Introduction
Candida species frequently appear in normal human oral
microbial flora (1). However, the prevalence of Candida spp.
depends on the sensitivity of the determination method,
age, sex, presence of dentures, smoking habits, caries
experience, periodontal status, antimicrobial therapies,
and health problems such as immunosuppression, AIDS,
and diabetes (2).

Oral fungal flora has been the subject of several studies.
A strong relation has been found between the prevalence of
Candida albicans and dental caries, particularly in children,
adolescents, and young adults (3,4). These previous studies
suggest that C. albicans could play a considerable role in
the pathogenesis of caries.

Diabetes mellitus (DM) is a chronic disorder
characterized by a relative or total deficiency of insulin
secretion and/or accompanying resistance to the metabolic
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action of insulin on target organs (5,6). Diabetes mellitus
may have different and sometimes serious effects upon
the tissues, and patients with poor glycemic control
are particularly prone to severe and/or recurrent yeast
infections. Yeast growth and adhesion may be augmented
by high blood and saliva glucose concentrations, which
can serve as nutrients for Candida species. The reduced
Candida Kkilling capacity of neutrophils in the presence
of high glucose concentrations may lead to increased
colonization of Candida (5,6).

The capability of C. albicans to persevere within the
host and cause infection has been attributed to its different
virulence features, which include biofilm production,
dimorphism, the ability to interchange between different
morphological types, interference with the immune
system, synergism, and/or the production of extracellular
enzymes (7).
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The biofilm production of Candida is an important
pathogenetic factor that plays a role in the adherence to
the tissue and colonization of Candida (8).1It is also known
that Candida spp. have the ability to grow either in aerobic
or anaerobic conditions. Candida spp. also possess some
adaptive mechanisms to survive in both situations (9).

Microorganisms have constitutive hydrolytic enzymes
to facilitate penetration of host tissues. Extracellular
phospholipases and proteases play an important role in
destroying cell membranes that are made up of lipids and
proteins (10). Due to the increasing frequency of invasive
Candida infection, there is great interest in Candida
virulence factors, such as phospholipase and protease
production, in order to develop strategies for the control
and prevention of candidiasis and also as a possible target
for developing novel therapeutic approaches (11,12).
Phospholipase could play an important role in the invasion
of host tissues in lesions of candidiasis by destroying
the epithelial cell membranes and allowing the hyphal
tip to enter the cytoplasm (13). Proteinase production is
considered to increase colonization and penetration to host
tissues of microorganisms, and to avoid the host’s immune
system by degrading a number of proteins important in
host defenses, such as immunoglobulins, complements,
and cytokines (14).

The value of esterase production by Candida in
pathogenic processes is less well known. Esterase is capable
of hydrolyzing the ester bonds in glycerides (15).

In addition, it has been reported that the virulence of
distinct genotypes of Candida spp. may be different (16).
Although there are many studies about pathogenic fungi,
it has been reported that studies on virulence factors are
still needed (17,18).

The aim of this study was to compare genotypes and
virulence factors of Candida spp. isolated from healthy
people and patients with diabetes mellitus.

2. Materials and methods
A total of 215 subjects (142 healthy subjects and 73 with
type 2 DM) were included in this study. The mean age of
the healthy subjects (71 women and 71 men, ages 16 to 60)
was 26 years old, and for those with type 2 DM (49 women
and 24 men, ages 20 to 66) it was 46 years old.
Examination of the oral cavity was carried out by one
of the authors (AES) under artificial light. Dental caries
were evaluated using dental mirrors, dental probes, and
radiographs. Periodontal status was evaluated using
periodontal probes and radiographs. The oral mucosa was
also examined for the presence or absence of candidiasis.
Individuals with the following conditions were
included in the study: over 16 years of age, not having taken
antifungal medication or antibiotics within the 10 weeks
prior to sample collection, with no periodontal problems

(nobleeding from the gingival sulcus on gentle probing and
no alveolar bone loss as radiographically determined), no
oral candidiasis, no teeth fillings, no prosthetic treatments
(bridges, crowns, or partial dentures), no orthodontic
appliances, and no tobacco smoking habits.

Diagnosis of DM was made according to the criteria
of the American Diabetes Association and European
Association for the Study of Diabetes (ADA-EASD). In
DM patients, glycemic control, as assessed by hemoglobin
Alc (HbAlc) (glycosylated hemoglobin), and fasting
blood glucose were used as measures of recent diabetic
control. Blood glucose of >200 mg/dL and HbAlc of >9
were considered as signs of poorly controlled diabetes.

The presence of clinical and/or radiographic cavitation
into dentin was considered as carious tooth (19,20). The
individuals were divided into groups according to the
presence or absence of caries on teeth:

Group I: Healthy, without caries (n = 95),

Group II: Healthy, with caries (n = 47),

Group III: Diabetes mellitus, with caries (n = 53),

Group IV: Diabetes mellitus, without caries (n = 20).

2.1. Identification of Candida spp.

The microbiological samples were collected by swabbing
with a dry sterile cotton stick from the middle of the
dorsum of the tongue (1). All the samples were processed
within 2 h in the mycology laboratory of the Department of
Microbiologyat the Faculty of Medicine, Erciyes University.
All samples were inoculated on 2 Sabouraud dextrose
agar (SDA, Oxoid, UK) containing chloramphenicol (50
mg/L) medium in aerobic incubation at 25 °C and 35
°C for 24-72 h. All isolated strains were identified using
macroscopic and microscopic morphology, the germ
tube test, chlamydospore production, urease activity, and
carbohydrate assimilation with the API 32C system test
kits (BioMerieux, Marcy I'Etoile, France) (21,22).

2.2. Yeast suspensions for enzymatic activities

Yeast suspensions were prepared from the yeast isolates
included in the study to evaluate phospholipase,
proteinase, esterase, and biofilm formation. A loopful of
the stock culture was streaked onto SDA (Oxoid) with
chloramphenicol and incubated at 37 °C for 24-48 h.
Yeasts were harvested and suspended in sterile phosphate-
buffered solution at turbidity equal to an optical density
(OD) of 0.5 McFarland. The final suspension was adjusted
to contain 2.5-5 x 10° yeast cells/mL (9,23,24).

2.3. Determination of proteinase activity

Test isolates were tested in triplicate, during 2 independent
experiments, to verify the enzymatic activity of proteinases.
Extracellular proteolytic activity (SAP) of the isolates was
assessed in bovine serum albumin agar according to Staib
(24) and Cassone et al. (25). Ten microliters of previously
prepared suspension from isolates was transferred to the
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test medium. The plates were incubated at 37 °C for 48
h and 72 h to examine the proteinase activity. The ratio
of the diameter of the colony to that of the clear zone
of proteolysis (in millimeters) was used as an index to
represent the extent of proteinase activity by the different
Candida spp. isolates. C. albicans ATCC 10231 and ATCC
10261 were used as controls.

2.4. Determination of phospholipase activity

The phospholipase production of the isolates was assayed
according to Price et al. (23) and Polak (26). The test
medium consisted of malt agar containing 1 M sodium
chloride, 0.005 M calcium chloride, and 2% egg yolk.
Each strain was inoculated in triplicate. Each culture was
then incubated at 37 °C for 48 h. Phospholipase activity
was expressed as the ratio of the diameter of the colony to
the diameter of the colony plus the precipitation zone (in
millimeters) (23). As a control, C. albicans ATCC 10231
and ATCC 24433 strains were also used in the experiments.

2.5. Determination of esterase activity

The esterase activity of the isolates was assessed in
Tween 80 agar according to Slifkin (27). Ten microliters
of previously prepared suspension from each isolate was
carefully inoculated on the Tween 80 opacity test medium
and then incubated at 37 °C for 48 h and 72 h to examine
the esterase activity. This activity was considered positive
in the presence of a halo pervious to light around the
inoculation site (27). Test isolates were tested in triplicate,
during 2 independent experiments, to verify the enzymatic
activity of esterase.

2.6. Determination of biofilm formation

Biofilms of Candida spp. were permitted to grow in wells
of microtiter plates (IWAKI, Tokyo, Japan) as previously
described (28). The plates were incubated at 37 °C in both
aerobic and anaerobic conditions for 24 h to induce biofilm
formation. The OD was measured using a microtiter reader
(Biotek ELx808, USA) at 450 nm. Three wells were used
for each strain, and the arithmetical mean of 3 readings
was used in analyses. Candida albicans ATCC 90028
was employed as the control strain. Sterile brain-heart
infusion broth without microorganisms was employed as
the negative control. The cutoff value was determined by
arithmetically averaging the OD of the negative control
well and by adding 2 standard deviations. Samples with an
OD higher than the cutoff value were considered positive,

Table 1. Values of blood glucose and HbA1c of Groups III and IV.

whereas those with lower values than the cutoff were
considered negative.

2.7. Determination of genotyping of Candida spp.
All the isolates obtained from DM patients and healthy
individuals were genotyped by repetitive sequence-
based polymerase chain reaction (rep-PCR). The rep-
PCR-based fingerprint patterns of all isolates were
obtained in gel-like images by using DiversilLab 2.1.66
web-based interpretation software. For analysis, the
Pearson correlation coefficient was used in the similarity
calculation, and the unweighted pair group method with
arithmetic mean (UPGMA) was used to automatically
compare the rep-PCR profiles. Strains of C. albicans with
a similarity of 95% or above were accepted as main clones,
and those in the main clone category having a similarity of
97.5% or above were accepted as subclones. Isolates with
a similarity of 95% or below were accepted as different
clones (9). In the present study, C. albicans ATCC 90028
was employed as the reference strain.

This study was approved by the ethics committee of
Erciyes University. All patients gave written informed
consent.

2.8. Statistical analysis

All statistical analyses were performed using SPSS 15.0.
Normal distributions of the variables were analyzed by
visual (histogram and o-probability graphics) and analytic
methods (Shapiro-Wilk test). The Mann-Whitney U test,
two-proportion test, and Fisher exact test were used, as the
data were ordinal. P < 0.05 was considered significant.

3. Results

The values of blood glucose and HbA1c of Groups III and
IV are presented in Table 1. There were no statistically
significant differences between values of blood glucose
and HbA1c¢ of Groups III and IV.

Candida was isolated in 21% of Group I, 42.5% of
Group 1II, 37.7% of Group III, and 60% of Group IV (Table
2). There were statistically significant differences between
Groups I and II, Groups I and III, and Groups I and IV (P
< 0.05). There were no statistically significant differences
between Groups II and III, Groups II and IV, and Groups
IITand IV (P > 0.05).

The 72 Candida species isolated from the oral samples
included C. albicans (n = 65), C. glabrata (n = 5), C. kefyr (n

Blood glucose level HbAlc
Group

Median 25% 75% Median 25% 75%
Group III 218 151 238 8.6 6.3 9.4
Group IV 161 131.2 214.2 7.1 6.4 8.9
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Table 2. Candida isolation rates and Candida species acording to groups.

Groups With Candida Without Candida C. albicans C. glabrata C. kefyr C. parapsilosis
Group I (n =95) 20 (21%) 75 (79%) 18 2 _ _
Group II (n = 47) 20 (42.5%) 27 (57.5%) 20 _ _ _
Group III (n = 53) 20 (37.7%) 33 (62.3%) 15 3 1 1
Group IV (n = 20) 12 (60%) 8 (40%) 12 _ _ _
Total (n = 215) 72 153 65 5 1 1

= 1), and C. parapsilosis (n = 1) (Table 2). The percentages
of Candida albicans obtained from diabetic patients and
from healthy individuals were 84.3% and 95%, respectively.

Candida was isolated at a rate of 40% of individuals
with caries and 27.8% of individuals without caries.
However, there was no statistically significant difference
between groups (P > 0.05).

Candida was isolated at a rate of 43.8% from diabetic
patients and 28.2% from healthy individuals. There was
a statistically significant difference between groups (P <
0.05).

There were 27 patients who had glucose levels higher
than 200 mg/dL out of a total of 73 DM patients. Of these
27 patients, Candida was isolated from 12 (44.4%) of them.
There were 19 patients who had HbAlc levels higher than
9 out of a total of 73 DM patients. Of these 19 patients,
Candida was isolated from 11 (62.9%) of them. Although
isolated Candida rates were higher in patients with blood
glucose of >200 mg/dL and HbAIc of >9 than in patients
who had blood glucose levels of <200 and HbA1c levels of
<9, we did not see any statistically significant differences in
both groups (P > 0.05).

There were no statistically significant differences
between virulence factors of Groups I, I1, III, and IV (P >
0.05) (Table 3).

Table 3. Virulence factors of Candida species according to groups.

3.1. Genotyping

Dendrogram analysis and virtual gel image of rep-
PCR fingerprint patterns of Candida spp. (C. albicans,
C. glabrata, C. kefyr, and C. parapsilosis) and genetic
proximity of C. albicans isolated from groups with the
DiversiLab software, version 3.3. can be seen in Figures
1-4.

There were 12 main clones (A to L), and from 6 of these
main clones, subclones were determined (Table 4). Two
subclones in main clone A (A1, A2), 3 subclones in main
clone B (B1, B2, B3), 2 subclones in main clone C (Cl,
C2), 2 subclones in main clone D (D1, D2), 3 subclones in
main clone E (E1, E2, E3), and 3 subclones in main clone
H (H1, H2, H3) were determined. However, in this study,
clones of 27 species could not be determined. In Group
I, 3 main clones (A to C) and 7 subclones (Al, A2, Bl,
B2, B3, C1, C2) were determined, and clones of 3 species
could not be determined. In Group 11, 4 main clones (D to
G) and 5 subclones (D1, D2, E1, E2, E3) were determined,
and clones of 7 species could not be determined. In Group
III, 2 main clones (H, I) and 3 subclones (H1, H2, H3)
were determined, and clones of 11 species could not be
determined. In Group IV, 3 clones (] to L) were determined,
and the clones of 6 species could not be determined.

Slime
Esterase Proteinase Phospholipase

Groups Aerobe Anaerobe

P N P N P N P N P N
Group I 4 16 - 20 3 17 6 14 11 9
Group II 2 18 2 18 2 18 8 12 14 6
Group III 3 17 1 19 7 13 9 11 13 7
Group IV - 12 - 12 1 11 2 10 8 4
Total 9 63 3 69 13 59 25 47 46 26

N: Negative number, P: Positive number.
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Figure 1. Dendrogram analysis and virtual gel image of rep-PCR fingerprint patterns of
Candida spp. and genotype of C. albicans isolated from Group I with the DiversiLab software,

version 3.3.
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Figure 2. Dendrogram analysis and virtual gel image of rep-PCR fingerprint patterns of
Candida spp. and genotype of C. albicans isolated from Group II with the DiversiLab software,

version 3.3.



ARSLAN et al. / Turk ] Med Sci

Eglelslh\h v34
a3t Key Altemate ID Genus Species
H1 DM- With Caries Candida  albicans |
m2 DM- With Caries Candida  albicans | |
W3 DM - With Caries Candida albicans | | | |
|: M4  DM- With Caries Candida  albicans | | | 1 H1
H5 DM- With Caries Candida  albicans |1
H6 DM- With Caries Candida  albicans | | | ] } H2 CLONE H
W7 DM-WithCaries  Candida albicans 11
‘I: H3 DM - With Caries Candida  albicans |1 H3
B9  DM- With Caries Candida  albicans |1
H10 DM - With Carics Candida  albicans | | | i
I: H11 DM-WithCaries  Candida  albicans | | 11 CLONEI
W12 DM - With Caries Candida purapsilosis |
W13 DM - With Caries Candida glabrata |
H14 DM - With Caries Candida glabrata |

m15 DM - With Caiies Candida albicans I| ' | | I

m16 DM-WithCades  Candida  glabrata Il |

W17 DM-With Caries  Candida  albicans |

H18 DM - With Caries Candida  albicans | |
19 DM - Wilh Carics Candida  kefyr [ 111

W20 DM - With Caries Candida albicans |

95 9 97 98 99 100
= Similartty

Figure 3. Dendrogram analysis and virtual gel image of rep-PCR fingerprint patterns of
Candida spp. and genotype of C. albicans isolated from Group III with the DiversiLab software,
version 3.3.
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Figure 4. Dendrogram analysis and virtual gel image of rep-PCR fingerprint patterns of
Candida spp. and genotype of C. albicans isolated from Group IV with the DiversiLab software,

version 3.3.
3.2. Virulence factors and genetic proximity significant differences in phospholipase production (P <
There were statistically significant differences in aerobe 0.05) between clone A and clones B, C, D, E, E H, and J;
biofilm production in clone A and clone B (P < 0.005), between clone B and clone L; and between clone C and
but there was no statistically significant difference in the clone K (P < 0.05); but there was no difference between
other clones (P > 0.05). Moreover, there were statistically other clones (P > 0.05). In proteinase activity, there were
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Table 4. The genetic proximity and virulence factors of C. albicans.

Slime
Clones Clone Esterase Proteinase Phospholipase
number Aerobe Anaerobe
P N P N P N P N P N

A 6 4 2 - 6 - 6 ; 6 : 6
Al 2 2 - - 2 - 2 - 2 - 2
A2 4 2 2 - 4 - 4 - 4 - 4
B 7 - 7 - 7 3 4 3 4 7 -
B1 3 - 3 - 3 1 2 2 1 3 -
B2 1 - 1 - 1 - 1 - 1 1 -
B3 3 - 3 - 3 2 1 1 2 3 -
C 5 - 5 - 5 - 5 3 2 5 .
Cl 4 - 4 - 4 - 4 3 1 4 -
C2 1 - 1 - 1 - 1 - 1 1 -
D 3 - 3 - 3 - 3 - 3 3 -
D1 2 - 2 - 2 - 2 - 2 2 -
D2 1 - 1 - 1 - 1 : 1 1 ]
E 5 1 4 1 4 1 4 4 1 5 -
El 1 1 - 1 - . 1 - 1 1 .
E2 1 - 1 - 1 - 1 1 - 1 -
E3 3 - 3 - 3 1 2 3 - 3 -
F 2 - 2 - 2 - 2 2 - 2 -
G 1 - 1 - 1 - 1 - 1 - 1
H 7 1 6 - 7 4 3 4 3 6 1
H1 3 - 3 - 3 2 1 1 2 2 1
H2 1 1 - - 1 - 1 1 - 1 -
H3 3 - 3 - 3 2 1 2 1 3 -
I 2 - 2 - 2 1 1 1 1 1 1
J 2 . 2 . 2 . 2 - 2 2 -
K 2 - 2 - 2 - 2 1 1 1 1
L 2 - 2 - 2 - 2 - 2 - 2

N: Negative number, P: Positive number.
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only differences between clone A and clone E and between
clone A and clone F (P < 0.05); there was no difference
between other clones (P > 0.05). There was no statistically
significant difference in any clone in anaerobe environment
biofilm production and esterase activity (P > 0.05).

4. Discussion

This study compared genotypes and virulence factors
of Candida spp. isolated from healthy individuals and
patients with type 2 DM.

In the present study, the most frequently isolated
species was Candida albicans. There were statistically
significant differences in terms of isolated Candida
frequency between healthy subjects and diabetic patients.
There was no difference between the groups in terms of
virulence factors. Twelve genotypes (A to L) for strains of
Candida albicans were determined. Genotypes G and L did
not show any virulence activity. In addition, in anaerobe
biofilm production and esterase activity, there was no
significant difference between genotypes, but in biofilm
aerobe, phospholipase, and proteinase activity there were
differences between genotypes.

Few studies have investigated genotypes and virulence
factors of oral isolates of patients with DM, and authors
have not always examined more than one or two virulence
attributes at a time (17,18,29).

Candida spp. are capable of colonizing the hard surface
of the teeth, invading the dentinal tubules, participating in
the formation of microbial biofilm, and producing large
amounts of acids that are responsible for demineralization
of tooth enamel and dissolution of hydroxyapatite (30-32).
C. albicans has been isolated from dentine caries lesions
in children with high frequencies ranging from 71% to
97% (21). Furthermore, Beighton et al. (33) reported the
relatively high prevalence of Candida spp. (58.5%) in 82
root caries lesions. However, the predominant oral habitats
of C. albicans are carious lesions, from which this fungus
has been isolated with high frequencies (up to 97%) (34).
In the present study, in all study groups, Candida was
isolated at a rate of 40% of individuals with caries and
at a rate of 27.8% of individuals without caries. Also, in
our study, the prevalence of Candida spp. was higher in
healthy individuals with caries than in healthy individuals
without caries, as other studies have indicated before. In
diabetic patients, Candida prevalence in patients with and
without caries was similar.

Diabetic patients exhibit high susceptibility to Candida
species, mainly C. albicans and other fungal infections
(17). A literature review presented rates of oral carriage of
Candida in diabetic patients between 18 and 80% (35). In
this study, in all study groups, Candida was isolated at a
rate of 43.8% of diabetic patients and at a rate of 28.2%
of healthy individuals. In previous studies, it was shown

that C. albicans was the most common pathogen, being
isolated intraorally in 17%-75% of healthy individuals and
more than 80% of diabetic patients (2,17). In our study, we
found these percentages to be 95% in healthy individuals
and 84.3% in diabetic patients.

Yeast growth and adhesion may be enhanced by high
glucose concentration in the blood and saliva, which can
serve as nutrients for Candida organisms. The reduced
Candida killing capacity by neutrophils in the presence
of high glucose concentrations may also account for any
increased colonization by Candida (5). Furthermore, in
diabetic patients, poor glycemic control is a critical factor
that promotes oral yeast colonization in these patients
(35). In our study, the frequency of Candida was higher in
poorly controlled diabetic patients than in regular diabetic
patients. These differences were not statistically significant,
but it was concluded that disruption of diabetes regulation
may lead to the tendency for Candida infection to increase.

Because Candida is most intensely colonized in
the tongue compared with the rest of the oral mucosa,
Candida is often isolated from there (1). In almost one-
third of dentate carriers, the tongue is the only positive
oral site. Therefore, the specimen collection method from
the dorsal tongue applied in this study was found to be a
simple, fast, and convenient method for isolating Candida
spp. in the oral cavity.

Several virulence factors of Candida have been
discovered, including biofilm formation, phenotypic
diversity, and production of extracellular enzymes, such as
phospholipase, proteinase, and esterase (17).

Biofilm formation is a major virulence factor in the
pathogenicity of Candida (36). The biofilm consists of cells
that are in relationships with surface, yeast, and filaments,
which are surrounded by an extracellular matrix. Biofilms
are the reservoir of the infections; they cause the spread
of the infections (36,37). In this study, biofilm formation
was observed in all groups, but there were no statistically
significant differences between the biofilm production of
groups in both aerobic and anaerobic conditions.

Enzymatic activity may play an essential role in the
capacity of Candida to establish itself as a colonizing and/
or infectious microorganism. Proteinase production is
important for increasing the ability of certain organisms
to colonize and penetrate the host tissue and destroy the
host immune system, breaking a significant number of
important proteins for immunity (38). Lipolytic enzymes,
such as phospholipases and esterases, are associated in
Candida infections with host cell penetration, adhesion
to epithelial cells, invasion of reconstituted human
oral epithelium, and even host signal transduction
pathways (39). Previous studies have confirmed that high
phospholipase production is linked to a higher degree of
pathogenicity (40,41). Different frequencies of enzymatic
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activity have been reported in Candida spp. isolated from
different anatomic sites. For example, Oksuz et al. (42)
found phospholipase activity to be higher in isolates from
oral (59%) and fecal samples (42.8%), and protease activity
in isolates from urogenital (55.1%) and skin samples
(58.8%). In addition, Manfredi et al. (18) showed that the
analysis of proteinase production for Candida isolates from
diabetic patients and isolates from nondiabetic subjects
did not reveal any significant differences between the two
groups. In this study, we determined enzymatic activities
such as that of proteinases, esterase, and phospholipases
of Candida species isolated from DM and healthy groups,
but there were no significant differences between groups.

In the groups taking part in this research, the genetic
proximities of C. albicans were detected. There were 12
main clones, and subclones were determined from 6 of
these main clones to be isolated C. albicans. In the healthy
group without caries, there were 3 clones (A, B, C); in the
healthy group with caries, there were 4 clones (D, E, E, G);
in the DM group with caries, there were 2 clones (H, I);
and in the DM group without caries, there were 3 clones (J,
K, L). However, Boriollo et al. (17) showed that the genetic
diversity observed in the total yeast population revealed 4
large, genetically distinct groups (A to D).

The virulence of distinct genotypes of Candida spp.
may be different (16). In the present study, clones G and
L did not show any virulence activity. Furthermore, in
this study, in the aerobic environment, in aerobic biofilm
production there was a statistically significant difference
only between two clones. In anaerobic biofilm production
and esterase activity, there was no statistically significant

References

1. Wang J, Ohshima T, Yasunari U, Namikoshi S, Yoshihara
A, Miyazaki H, Maeda N. The carriage of Candida species
on the dorsal surface of the tongue: the correlation with the
dental, periodontal and prosthetic status in elderly subjects.
Gerodontology 2006; 23: 157-163.

2. Rindum JL, Stenderup A, Holmstrup P. Identification of
Candida albicans types related to healthy and pathological oral
mucosa. ] Oral Pathol Med 1994; 23: 406-412.

3. Beighton D, Brailsford S, Samaranayake LP, Brown JP, Ping
FX, Grant-Mills D, Harris R, Lo EC, Naidoo S, Ramos-Gomez
F et al. A multi-country comparison of caries-associated
microflora in demographically diverse children. Community
Dent Healthy 2004; 21 (Suppl. 1): 96-101.

4. Gabris K, Nagy G, Madlena M, Denes Z, Marton S, Keszthelyi
G, Banoczy J. Associations between microbiological and
salivary caries activity tests and caries experience in Hungarian
adolescents. Caries Res 1999; 33: 191-195.

5. Manfredi M, McCullough M]J, Vescovi P, Al-Kaarawi ZM,
Poster SR. Update on diabetes mellitus and related oral
diseases. Oral Dis 2004; 10: 187-200.

26

difference, but in phospholipase and proteinase activity
there was a statistically significant difference between
clones. In a previous study that included genetic and
phenotypic evaluation of C. albicans strains isolated
from the subgingival biofilm of diabetic patients with
chronic periodontitis, it was found that genotype A
expressed higher phospholipase activity than genotype
B (16). Moreover, the authors emphasized that genotype
A was more virulent than genotype B. In another
previous study, it was reported that C. albicans genotype
B showed a significant increase in phospholipase and
proteinase activity when compared to genotypes A or C
(43). In 2012, Inci et al. (9) investigated some virulence
factors in Candida species isolated from patients with
suspected invasive fungal infection (isolated from blood,
bronchoalveolar lavage, tissue sample, and peritoneal,
pleural, and cerebrospinal fluid) and sought to identify
their relationships with Candida genotypes. They found
no difference in virulence factors (biofilm, phospholipase,
esterase, proteinase) evaluated among the C. albicans
genotypes. De Cassia Mardegan et al. (44) analyzed C.
albicans oral strains from caries-free and caries-active
healthy children and suggested that the enzymatic profile
does not depend on the genotypic characteristics of the
isolates.

In conclusion, our results show that diabetes and caries
have no effects on activities of virulence factors of Candida
spp. isolated from oral cavities. Different genotypes of C.
albicans showed different virulence activities. However, to
confirm our results, more patients in each group and more
advanced studies are needed.

6.  Vernillo AT. Diabetes mellitus: relevance to dental treatment.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2001; 91:
263-270.

7. Ruechel R. Virulence factors of Candida species. In:
Samaranayake LP, Macfarlane TW, editors. Oral Candidosis.
London, UK: Wright Publishers; 1990. pp. 47-65.

8. Ramega G. Forging a link between biofilms and disease.
Science 1999; 283: 1837-1839.

9. inci M, Atalay MA, Kog AN, Evirgen O, Durmaz S, Demir G.
Investigating virulence factors of clinical Candida isolates in
relation to atmospheric conditions and genotype. Turk ] Med
Sci 2012; 42 (Suppl. 2): 1476-1483.

10. Ghannoum MA, Abu Elteen KH. Pathogenicity determinations
of Candida. Mycoses 1990; 33: 265-282.

11. Perfect JR. Fungal virulence genes as targets for antifungal
chemotherapy. Antimicrob Agents Chemother 1996; 40: 1577-
1583.


http://dx.doi.org/10.1111/j.1741-2358.2006.00130.x
http://dx.doi.org/10.1111/j.1741-2358.2006.00130.x
http://dx.doi.org/10.1111/j.1741-2358.2006.00130.x
http://dx.doi.org/10.1111/j.1741-2358.2006.00130.x
http://dx.doi.org/10.1111/j.1741-2358.2006.00130.x
http://dx.doi.org/10.1111/j.1600-0714.1994.tb00086.x
http://dx.doi.org/10.1111/j.1600-0714.1994.tb00086.x
http://dx.doi.org/10.1111/j.1600-0714.1994.tb00086.x
http://dx.doi.org/10.1111/j.1601-0825.2004.01019.x
http://dx.doi.org/10.1111/j.1601-0825.2004.01019.x
http://dx.doi.org/10.1111/j.1601-0825.2004.01019.x
http://dx.doi.org/10.1067/moe.2001.114002
http://dx.doi.org/10.1067/moe.2001.114002
http://dx.doi.org/10.1067/moe.2001.114002
http://journals.tubitak.gov.tr/medical/issues/sag-12-42-sup.2/sag-42-sup.2-19-1204-119.pdf
http://journals.tubitak.gov.tr/medical/issues/sag-12-42-sup.2/sag-42-sup.2-19-1204-119.pdf
http://journals.tubitak.gov.tr/medical/issues/sag-12-42-sup.2/sag-42-sup.2-19-1204-119.pdf
http://journals.tubitak.gov.tr/medical/issues/sag-12-42-sup.2/sag-42-sup.2-19-1204-119.pdf

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

ARSLAN et al. / Turk ] Med Sci

Pfaller M, Wenzel R. Impact of the changing epidemiology of
fungal infections in the 1990s. Eur J Clin Microbiol Infect Dis
19925 11: 287-291.

Banno Y, Yamada T, Nozawa Y. Secreted phospholipases of
the dimorphic fungus, Candida albicans; separation of three
enzymes and some biological properties. Sabouraudia 1985;
23:47-54.

Hube B. Candida albicans secreted aspartyl proteinases. Curr
Top Med Mycal 1996; 7: 55-56.

Schaller M, Borelli C, Korting HC, Hube B. Hydrolytic enzymes
as virulence factors of Candida albicans. Mycoses 2005; 48:
365-377.

Sardi JC, Duque C, Hofling JE, Goncalves R. Genetic and
phenotypic evaluation of Candida albicans strains isolated
from subgingival biofilm of diabetic patients with chronic
periodontitis. Med Mycol 2012; 50: 467-475.

Boriollo ME Bassi RC, dos Santos Nascimento CM,
Feliciano LM, Francisso SB, Barros LM, Spolidorio LC,
Palomari Spolidorio DM. Distribution and hydrolytic
enzyme characteristics of Candida albicans strains isolated
from diabetic patients and their non-diabetic consort. Oral
Microbiol Immunol 2009; 24: 437-450.

Manfredi M, McCullough M]J, Al-Karaawi ZM, Vescovi P,
Porter SR. In vitro evaluation of virulence attributes of Candida
spp. isolates from patients affected by diabetes mellitus. Oral
Microbiol Immunol 2006; 21: 183-189.

de Carvalho FG, Silva DS, Hebling ], Spolidorio LC, Spolidorio
DM. Presence of mutans streptococci and Candida spp. in
dental plaque/dentine of carious teeth and early childhood
caries. Arch Oral Biol 2006; 51: 1024-1028.

Signoretto C, Burlacchini G, Faccioni F, Zanderigo M, Bozzola
N, Canepari P. Support for the role of Candida spp. in extensive
caries lesions of children. New Microbiol 2009; 32: 101-107.

Isenberg HD. Essential Procedures for Clinical Microbiology.
Washington, DC, USA: ASM Press; 1998.

Larone DH. Medical Mycology Fungi: A Guide to Identification.
4th ed. Washington, DC, USA: ASM Press; 2002.

Price MFE, Wilkinson ID, Gentry LO. Plate method for detection
of phospholipase activity in Candida albicans. Sabouraudia
1982;20: 7-14.

Staib F. Serum-proteins as nitrogen source for yeast like fungi.
Sabouraudia 1965; 4: 187-193.

Cassone A, De Bernardis F, Mondello F, Ceddia T, Agatensi L.
Evidence for a correlation between proteinase secretion and
vulvovaginal candidosis. ] Infect Dis 1987; 156: 73-83.

Polak A. Virulence of Candida albicans mutants. Mycoses
1996; 35: 9-16.

Slifkin M. Tween 80 opacity test responses of various Candida
species. ] Clin Microbiol 2000; 38: 4626-4628.

Ramage G, Vande Walle K, Wickes BL, Lopez-Ribot JL.
Standardized method for in vitro antifungal susceptibility
testing of Candida albicans biofilms. Antimicrob Agents
Chemother 2001; 45: 2475-2479.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Willis AM, Coulter WA, Fulton CR, Hayes JR, Bell PM, Lames
PJ. The influence of antifungal drugs on virulence properties of
Candida albicans in patients with diabetes mellitus. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 2001; 91: 317-321.

Sen BH, Safavi KE, Spangberg LS. Colonization of Candida
albicans on cleaned human dental hard tissues. Arch Oral Biol
2007; 42: 513-520.

Nikawa H, Yamashiro H, Makihira S, Nishimura M, Egusa
H, Furukawa M, Setijanto D, Hamada. In vitro cariogenic
potential of Candida albicans. Mycoses 2003; 46: 471-478.

Samarayake LP, Hughes A, Weetman DA, MacFarlane TW.
Growth and acidic production of Candida species in human
saliva supplemented with glucose. ] Oral Pathol 1986; 15: 251
254.

Beighton D, Ludford R, Clark DT, Brailsford SR, Pankhurst
CL, Tinsley GE Fiske J, Lewis D, Daly B, Khalifa N. Use of
CHROMagar Candida medium for isolation of yeast from
dental samples. ] Clin Microbiol 1995; 33: 3025-3027.

Klinke T, Guggenheim B, Klimm W, Thurnheer T. Dental caries
in rats associated with Candida albicans. Caries Res 2011; 45:
100-106.

Soysa NS, Samaranayake LP, Ellepola ANB. Diabetes mellitus
as a contributory factor in oral candidosis. Diabetic Med 2005;
23:455-459.

Seneviratne CJ, Jin I, Samaranayake LP. Biofilm lifestyle of
Candida: a mini review. Oral Dis 2008; 14: 582-590.

Blankenship JR, Mitchell AP. How to build a biofilm: a fungal
perspective. Curr Opin Microbiol 2006; 9: 588-594.

Kantarcioglu AS, Yiicel A. Phospholipase and protease
activities in clinical Candida isolates with reference to the
sources strains. Mycoses 2002; 45: 160-165.

Trevino-Rangel R de ], Gonzalez JG, Gonzalez GM. Aspartyl
proteinase, phospholipase, esterase and hemolysin activities
of clinical isolates of the Candida parapsilosis species complex.
Med Mycol 2013; 51: 331-335.

Mitrovic S, Kranjcic-Zec 1, Arsic V, Dramic A. In vitro
proteinase and phospholipase activity and pathogenicity of
Candida species. ] Chemother 1995; 7 (Suppl. 4): 43-45.

Niewert M, Korting HC. Phospholipases of Candida albicans.
Mycoses 2001; 44: 361-367.

Oksuz S, Sahin I, Yildirim M, Gulcan A, Yavuz T, Kaya D,
Koc AN. Phospholipase and proteinase activities in different
Candida species isolated from anatomically distinct sites of
healthy adults. Jpn ] Infact Dis 2007; 60: 280-283.

Sugita T, Kurosaka S, Yajitate M, Sato H, Nishikawa A.
Extracellular proteinase and phospholipase activity of three
genotypic strains of a human pathogenic yeast, Candida
albicans. Microbiol Immunol 2002; 46: 881-883.

de Cassia Mardegan R, Klein MI, Golvea MB, Rodrigues JAO.
Biotyping and genotypic diversity among oral Candida albicans
strains from caries free and caries-active healthy children. Braz
] Microbiol 2006; 37: 26-32.

27


http://dx.doi.org/10.1007/BF01962067
http://dx.doi.org/10.1007/BF01962067
http://dx.doi.org/10.1007/BF01962067
http://dx.doi.org/10.1080/00362178585380081
http://dx.doi.org/10.1080/00362178585380081
http://dx.doi.org/10.1080/00362178585380081
http://dx.doi.org/10.1080/00362178585380081
http://dx.doi.org/10.1111/j.1439-0507.2005.01165.x
http://dx.doi.org/10.1111/j.1439-0507.2005.01165.x
http://dx.doi.org/10.1111/j.1439-0507.2005.01165.x
http://dx.doi.org/10.3109/13693786.2011.633233
http://dx.doi.org/10.3109/13693786.2011.633233
http://dx.doi.org/10.3109/13693786.2011.633233
http://dx.doi.org/10.3109/13693786.2011.633233
http://dx.doi.org/10.1111/j.1399-302X.2009.00524.x
http://dx.doi.org/10.1111/j.1399-302X.2009.00524.x
http://dx.doi.org/10.1111/j.1399-302X.2009.00524.x
http://dx.doi.org/10.1111/j.1399-302X.2009.00524.x
http://dx.doi.org/10.1111/j.1399-302X.2009.00524.x
http://dx.doi.org/10.1111/j.1399-302X.2009.00524.x
http://dx.doi.org/10.1111/j.1399-302X.2006.00275.x
http://dx.doi.org/10.1111/j.1399-302X.2006.00275.x
http://dx.doi.org/10.1111/j.1399-302X.2006.00275.x
http://dx.doi.org/10.1111/j.1399-302X.2006.00275.x
http://dx.doi.org/10.1080/00362178285380031
http://dx.doi.org/10.1080/00362178285380031
http://dx.doi.org/10.1080/00362178285380031
http://dx.doi.org/10.1080/00362176685190421
http://dx.doi.org/10.1080/00362176685190421
http://dx.doi.org/10.1111/j.1439-0507.1992.tb00813.x
http://dx.doi.org/10.1111/j.1439-0507.1992.tb00813.x
http://dx.doi.org/10.1128/AAC.45.9.2475-2479.2001
http://dx.doi.org/10.1128/AAC.45.9.2475-2479.2001
http://dx.doi.org/10.1128/AAC.45.9.2475-2479.2001
http://dx.doi.org/10.1128/AAC.45.9.2475-2479.2001
http://dx.doi.org/10.1067/moe.2001.112155
http://dx.doi.org/10.1067/moe.2001.112155
http://dx.doi.org/10.1067/moe.2001.112155
http://dx.doi.org/10.1067/moe.2001.112155
http://dx.doi.org/10.1046/j.0933-7407.2003.00888.x
http://dx.doi.org/10.1046/j.0933-7407.2003.00888.x
http://dx.doi.org/10.1046/j.0933-7407.2003.00888.x
http://dx.doi.org/10.1111/j.1600-0714.1986.tb00617.x
http://dx.doi.org/10.1111/j.1600-0714.1986.tb00617.x
http://dx.doi.org/10.1111/j.1600-0714.1986.tb00617.x
http://dx.doi.org/10.1111/j.1600-0714.1986.tb00617.x
http://dx.doi.org/10.1159/000324809
http://dx.doi.org/10.1159/000324809
http://dx.doi.org/10.1159/000324809
http://dx.doi.org/10.1111/j.1464-5491.2005.01701.x
http://dx.doi.org/10.1111/j.1464-5491.2005.01701.x
http://dx.doi.org/10.1111/j.1464-5491.2005.01701.x
http://dx.doi.org/10.1111/j.1601-0825.2007.01424.x
http://dx.doi.org/10.1111/j.1601-0825.2007.01424.x
http://dx.doi.org/10.1016/j.mib.2006.10.003
http://dx.doi.org/10.1016/j.mib.2006.10.003
http://dx.doi.org/10.1046/j.1439-0507.2002.00727.x
http://dx.doi.org/10.1046/j.1439-0507.2002.00727.x
http://dx.doi.org/10.1046/j.1439-0507.2002.00727.x
http://dx.doi.org/10.3109/13693786.2012.712724
http://dx.doi.org/10.3109/13693786.2012.712724
http://dx.doi.org/10.3109/13693786.2012.712724
http://dx.doi.org/10.3109/13693786.2012.712724
http://dx.doi.org/10.1046/j.1439-0507.2001.00685.x
http://dx.doi.org/10.1046/j.1439-0507.2001.00685.x
http://dx.doi.org/10.1111/j.1348-0421.2002.tb02776.x
http://dx.doi.org/10.1111/j.1348-0421.2002.tb02776.x
http://dx.doi.org/10.1111/j.1348-0421.2002.tb02776.x
http://dx.doi.org/10.1111/j.1348-0421.2002.tb02776.x

