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ABSTRACT

Yeasts colonize the subgingival biofilm, which becomes a reser-
voir that favors their reproduction. The purpose of the present
work was to determine the prevalence of yeasts of the Candida
genus in the subgingival biofilm of gingivoperiodontal disease
patients, including users and non-users of dental devices, and
their susceptibility to fluconazole and voriconazole.

Samples of subgingival pockets of immunocompetent non-
smokers showing gingivitis and periodontitis were inoculated
in a differential chromogenic medium. Sixty three percent of
subjects used dental devices. Yeasts were identified and suscep-
tibility to fluconazole and voriconazole was tested following
CLSI M44-A standards.

The prevalence of yeasts in the subgingival biofilm was 40%

CI 95% (30.5-50.3); 10% were patients who did not use dental
appliances. The most frequently observed yeasts were C. albi-
cans, and C. parapsilosis, C. dubliniensis, C. tropicalis and C.
guilliermondii. Only C. dubliniensis and C. guilliermondii
showed resistance to azoles. The use of dental devices signifi-
cantly increased the prevalence of yeasts in periodontal pockets
inpatients presenting gingivitis. It is noteworthy that non albi-
cans Candida species, such as C. dubliniensis and C.
guilliermondii, considered emerging species, which have a
diminished susceptibility to antifungal agents were found in
the crevicular fluid of immunocompetent patients.

Key words: periodontal disease, subgingival biofilm, Candida
species, Candida guilliermondii, Candida dubliniensis.

DISTRIBUCION SUBGINGIVAL DE LEVADURAS Y SU SENSIBILIDAD A AN:I'IFﬂNGICOS
EN INDIVIDUOS INMUNOCOMPETENTES CON O SIN APARATOLOGIA BUCAL

RESUMEN

Las levaduras del genero Candida colonizan el biofilm subgin-
gival. Su hallazgo constituye un reservorio favorable para su
multiplicacion. El propdsito de éste trabajo fue investigar la
presencia de levaduras del género Candida en el biofilm sub-
gingival de individuos con enfermedad gingivoperiodontal a
fin de establecer la prevalencia de especies y los perfiles de
susceptibilidad a fluconazol y voriconazol de las mismas.

Se obtuvieron muestras del biofilm subgingival en cien
pacientes inmunocompetentes, no fumadores, con salud gin-
givoperiodontal, gingivitis y periodontitis, con y sin aparato-
logia bucal. Las muestras se sembraron en medio
cromogénico diferencial y las levaduras aisladas se identifi-
caron mediante micromorfologia y pruebas bioquimicas. Los
estudios de sensibilidad a fluconazol y voriconazol se reali-
zaron segun las normas CLSI M44-A. La prevalencia de leva-

INTRODUCTION

Infections in the oral cavity, including periodonti-
tis, periodontal abscesses and stomatitis, and dental
procedures (tooth extraction, endodontic treatment,
use of irrigation appliances) can trigger systemic

duras en el biofilm subgingival fue del 40% 1C95% (30.5-
50.3) siendo el 10% y 30% la frecuencia de las mismas para
los pacientes sin y con aparatologia bucal respectivamente.
C. albicans fue la levadura mds frecuente. Encontramos otras
especies como C. parapsilosis, C. dubliniensis, C. tropicalis,
C. guilliermondii 'y C. sake. Solo se observo resistencia a los
azoles en C. dubliniensis y C. guilliermondii. El tratamiento
con aparatologia bucal incremento la prevalencia de levadu-
ras en bolsa periodontal en forma significativa. Es importan-
te destacar la presencia en el fluido subgingival de especies
de Candida no albicans consideradas emergentes y con sen-
sibilidad disminuida a los antifiingicos como C. dubliniensis
y C. guilliermondii.

Palabras clave: enfermedad periodontal, biofilm subgingival,
Candida spp, Candida guilliermondii, Candida dubliniensis.

infection as a result of the dissemination of the
microorganism from its primary location via the
blood stream.

Periodontal disease (PD) is characterized by an
inflammatory, degenerative, and necrotic response
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in the gingival and underlying connective tissues
elicited by microbial colonization in periodontal
pockets. The signs and symptoms of PD should be
the result of the interaction between the
pathogenous microorganism and the inflammatory
response of the host (1) that allows different Candi-
da species to colonize the subgingival biofilm (2).
Yeasts are regularly found in the normal flora of
human oral mucosa, representing potential sources
of oral Candidiasis, as well as other more serious
forms of the disease, such as the esophageal and
systemic variants (3). Candida species have been
recovered from periodontal pockets in a large num-
ber (7.1-19.6%) of patients with PD (4-7).
Although the yeast most frequently associated to
this type of infection is Candida albicans, other less
prevalent emerging species have been isolated (8).
Some of the latter species are known to be less sus-
ceptible to antifungal agents commonly used to treat
fungal infection, such as fluconazole (9,10). It is
therefore essential to identify the Candida species
involved in buccal infections, since they may be
implicated in periodontal disease and/or constitute
infection foci, posing a risk of systemic dissemina-
tion of strains that are less susceptible, i.e. resistant,
to antifungal drugs of widespread use.

It is well documented that orthodontic/orthopedic
treatment increases the levels of yeasts in the mouth
(11-13). The use of dental devices is a risk factor
for gingivo-periodontal diseases and dental caries,
since they facilitate the accumulation of microor-
ganisms, in terms of quantity and type/diversity,
altering the oral microbiota. Orthodontic devices
can act as traps, since yeasts and other microorgan-
isms adhere to their surface - whether acrylic, glass,
composite, sealants, or membranes, and retain
microorganisms, thus becoming a niche for colo-
nization by normal or opportunistic microorganisms
and facilitating infection.

The purpose of this study was to evaluate the pres-
ence of yeasts of the Candida genus in the
subgingival biofilm of subjects presenting gingivo-
periodontal disease, including users and non-users
of dental devices in order to establish the prevalence
of the different species and their susceptibility pro-
files to fluconazole and voriconazole.

MATERIALS AND METHODS
Subjects: One hundred adult healthy immunocom-
petent non-smoker subjects, who were patients of

the dental clinic of Buenos Aires University, were
included in the study. These 100 subjects ranged in
age from 18 to 75 years (55 were female, and 45
were male). The patients were divided into groups
according to their oral health status: healthy (n=8),
and presenting gingivo-periodontal disease: gin-
givitis (n=39) and periodontitis (n=53), as judged
by clinical measurements: pocket depth, plaque
index (14), gingival index (15), attachment loss.
Bleeding on probing was determined after 30 sec-
onds and recorded as positive (1) or negative (0).
The location of the gingival margin was determined
and tooth mobility was assessed. Periodontal evalu-
ations of all patients included clinical examination
and radiographs. Sixty three percent of subjects
used dental devices, 43 orthodontic appliances (25
fixed and18 removable) and 20 prosthetic devices
(9 fixed and 11 removable).

Participation in our survey was voluntary and all the
patients gave their informed consent.

Sample Collection Method: All study subjects were
asked to rinse their mouth with sterile distilled
water, after which the dental professional isolated
the area by means of cotton rolls and a high speed
suction device. Following removal of the supragin-
gival plaque, 4 subgingival plaque samples were
taken from each subject at 4 sites (the right upper
and lower central incisor, the first right upper molar
and the first left lower molar to mimic the more
common sites infected in periodontitis) of the peri-
odontal pocket using a 7/8 Gracey curette. Samples
were pooled and placed in Eppendorf tubes contain-
ing 500 pl of sterile saline solution.

Mycology studies

The samples were analyzed through direct micro-
scopic observations with lactophenol cotton blue
and inoculated into agar plates containing differen-
tial chromogenic medium (CHROMagar Candida,
Paris, France). The cultures were incubated at 28°C
for 1 week, and fungus growth was evaluated daily.

Identification of yeast species

The isolated yeasts were identified by conventional
mycology methods: colony color on the chro-
mogenic medium, micromorphology in agar milk
1% Tween 80 (16), and carbohydrate assimilation
tests using the commercially available kit API ID
32D (®BioMérieux, France). Further studies were
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performed if green colored strains were found on
the CHROMagar Candida, including xylose assim-
ilation, growth at 45°C, and chlamydospore
formation on Staib agar in order to identify
C. dublinisensis (17).

Antifungal susceptibility testing

Antifungal susceptibility studies were performed
on forty-nine strains of the Candida genus employ-
ing the agar disk diffusion method, in keeping with
the CLSI (“Clinical and Laboratory Standards Insti-
tute”) M44-A standards (18). Petri dishes
containing Muller Hinton agar were added with 2%
glucose and 0.5 pg/mL of methylene blue. The dish-
es were inoculated in three directions so as to cover
the surface, using a swab impregnated with a sus-
pension of the yeast equivalent to 0.5 Mc Farland
scale. A disk containing 25 pg of fluconazole and a
second disk containing 1 pg of voriconazole (Bec-
ton Dickinson Sparks, Maryland, USA) were then
placed on each dish. The samples were incubated at
35°C for 24 hours, and the diameter of the inhibi-
tion halo was determined at 80% inhibition using
BIOMIC image analyzing system, version 6.0,
(Giles Scientific Inc. New York, NY).

The strains were identified as susceptible (S), sus-
ceptible dose-dependent (S-DD), and resistant (R)
to the antifungal drug, according to the diameter of
the inhibition halo: 219 mm, 15-18 mm and <14
mm respectively in the case of fluconazole and >17
mm, 14-16 mm and <13 mm respectively in the case
of voriconazole. Candida albicans ATCC 90029
and Candida parapsilosis ATCC 22019 served as
quality control.

Statistical Analysis

Statistical —analysis was performed using
STATADISTICX 7.0 and SPSS version 11.0. Con-
fidence intervals (CI) were calculated at 95%
employing the Epi-Info 6.04 program (Atlanta Uni-
versity).

RESULTS

The prevalence of yeasts in the subgingival biofilm
of the studied population was 40% CI95% (30.5-
50.3). The frequency in patients with and without
dental devices was 30 and 10% respectively.

Yeasts with or without pseudohyae were recognized
by microscopic examinations in 95% of subgingi-
val samples with yeasts positive culture.

Table 1 summarizes the species distribution of yeast
isolates in subgingival biofilm according to peri-
odontal health status and use of dental devices, as
confirmed by morphological and biochemical crite-
ria. The most frequently observed yeast, in both
gingivitis and periodontitis samples was C albicans
(47.2%; 1C95%: 33.5 -61.2). However, the finding
of non albicans Candida species and other yeasts
(Rhodotorula spp) is noteworthy. They included C.
parapsilosis (n=10), C. dubliniensis (n=6), C. trop-
icalis (n=4), C. guilliermondii (n=3), C. sake (n=1)
and Rhodotorula (n=4) (Table 1).

The occurrence of two or three coisolated species
was observed in 20% of samples (n=8) and associa-
tion was observed most frequently among C.
albicans, C. parapsilosis and C. tropicalis.

Fig. 1 shows the number of isolates of yeast species
according to periodontal health status and use of
dental devices. Prevalence of yeasts in periodontal

TABLE 1. Species distribution of yeast isolates in subgingival biofilm according to periodontal
health status and use of dental devices in non smoker patients.

Yeast species HD* HWD* GD* GWD* PD* *PWD N (%) IC 95%
N (%) N (%) N (%) N (%) N (%) N (%) Total

C. albicans 1(1.9) 0 9(17) 0 6(11.3) 9(17) 25(47.2) 33.5-61.2
C. parapsilosis 1(1.9) 0 2(2.8) 0 2(2.8) 5(9.4) 10(18.9) 9.9-32.4
C. dubliniensis 0 0 2(2.8) 0 3(5.7) 1(1.9) 6(11.3) 4.3-23.0
Rhodotorula spp ~ 2(2.8) 0 1(1.9) 0 0 1(1.9) 4(7.5) 2.1-18.2
C. tropicalis 0 0 0 1(1.9) 3(5.7) 0 4(7.5) 2.1-18.3
C. guilliermondii 0 0 0 0 3(5.7) 0 3(5.7) 1.2-15.7
C. sake 0 0 0 0 0 1(1.9) 1(1.9) 0.1-10.1

Total isolates 4(7.5) 0 14(26.4) 1(1.9) 17(32.1)  17(32.1) 53

odontitis with devices; PWD: Periodontitis without devices.

*HD: Healthy with devices; HWD: Healthy without devices; GD: Gingivitis with devices; GWD: Gingivitis without devices; PD: Peri-
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without devices

devices

O healthy B Gingivitis O Periodontitis

Fig. 1: Number of isolates of yeast species according to peri-
odontal health status and use of dental devices in non
smokerpatients.

*: Statistical significance in samples of gingivitis patients who
used dental appliances p = 0.0009.

pockets of subjects using dental appliances (n=40)
was significantly higher (Z corrected 1.82
p=0.0345) compared to the remaining patients
(n=30 versus n=10 respectively). An increase in
yeast prevalence was observed in samples corre-
sponding to gingivitis patients; this increase
reached statistical significance in samples of gin-
givitis patients who used dental appliances
(p(Fisher)= 0.000251, CHI2 (Yates) = 11.0374;
GL=1; p=0.0009). Fig. 1 shows that the prevalence
of yeasts is higher in patients with periodontitis,
regardless of whether they use dental devices or not.
Table 2 summarizes the in vitro susceptibility of
Candida species to fluconazole and voriconazole
as determined by CLSI disk diffusion testing. All
25 C. albicans, 10 C. parapsilosis, 4 C. tropicalis
and 1 C. sake isolates were susceptible to flucona-
zole as well as to voriconazole. Among 6 C.
dubliniensis isolates, a great majority was suscepti-
ble. Only one isolate was resistant to both antifungal
agents. All 3 C. guilliermondii isolates were found
to be S-DD to fluconazole but S to voriconazole.
The results were confirmed by MIC (Minimum
inhibitory concentration, data not shown).

DISCUSSION

Yeast species of the Candida genus play an active
role in endoperiodontal processes and periapical
abscesses and are present in the crevicular fluid of
periodontal disease patients. Their occurrence in
gingival and periodontal pockets renders the latter a
favorable reservoir for yeast reproduction. Howev-

TABLE 2. In vitro susceptibilities of Candida
spp. to fluconazole and voriconazole as deter-
mined by CLSI disk diffusion testing

Fluconazole Voriconazole
Candida species | %S |%SDD| %R | %S |%SDD| %R
C. albicans 100 0 0 100 0 0
C. parapsilosis 100 0 0 100 0 0
C. dubliniensis 83 0 17 83 0 17
C. tropicalis 100 0 0 100 0 0
C. sake 100 0 0 100 0 0
C. guilliermondii 0 100 0 100 0 0

er, their implication in periodontal disease remains
unclear. Jarvensivu et al. demonstrated that C. albi-
cans pseudohyphae are involved in adherence to
periodontal tissue and in microbial plaque infra-
structure during progression of PD (6, 19).

In the present study, a 10% prevalence of yeasts was
observed in periodontal pockets of patients not
using dental devices. Other authors observed that
the prevalence of yeasts at this anatomical site
ranged between 7 and 17.5% (7), and reported
prevalence above 40% in HIV positive children (5).
The prevalence of yeasts in subgingival biofilm was
significantly higher in patients using dental devices
compared to patients without dental devices both in
healthy patients and in patients with gingivitis
(Fig. 1). Our results indicate that dental devices
serve as an artificial niche, increasing yeast carriage
in subgingival plaque.

Direct plating of periodontal pocket samples using
CHROMagar Candida facilitated isolation of more
than one species from a single periodontal pocket
subgingival plaque sample as well as the presump-
tive identification of C. albicans and C. tropicalis.
Similar findings have been reported by other
authors (5, 20).

C albicans, prevalent yeast in buccal mucosa (21),
was also found to be prevalent in subgingival pock-
et samples corresponding to gingivoperiodontal
disease patients, accounting for 47.2% of the 53 iso-
lated yeast species. This result is in agreement with
a number of reports (2, 5, 19). In addition, the yeast
most frequently isolated in association with other
yeasts was C albicans. Conversely to findings
reported by other authors, C albicans was found in
6 of the 8 samples exhibiting two or three coisolat-
ed species, and was found to be associated mainly
with C. parapsilosis and C. tropicalis. Portela et al.
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found no yeast coisolates in samples corresponding
to 42 immunocompetent subjects (5), and Jabra-
Rizk et al. found only one of 20 samples obtained
from HIV negative patients to present more than
one yeast species (2). It would seem that the use of
dental appliances increases the likelihood of find-
ing more than one yeast species.

C. parapsilosis was the second most frequently
encountered species, accounting for 18.9% of iso-
lates (Table 1). Other studies in the literature did
not report the occurrence of this species in crevicu-
lar fluid samples of immunocompetent subjects (2).
In the present study, C. dubliniensis was found in sub-
gingival fluid of immunocompetent subjects (Table
1). Conversely to ours findings, Portela et al. (5)
reported C. dubliniensis in subgingival sites only in
HIV positive children. Based on our results, it would
seem relevant to test subgingival pockets of HIV neg-
ative patients for C. dubliniensis, given its capacity to
adhere to bacteria in the oral microbiota, such as
Fusobacterium nucleatum, an anaerobic gram nega-
tive bacillus, and one of the most prevalent in the
subgingival plaque of periodontal disease patients.
The capacity of this species to coaggregate enables it
to colonize the depth of subgingival biofilm (22, 23).
C. guilliermondii, which has been defined as an
emerging yeast species, was isolated from crevicu-
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