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Abstract
Denture-related stomatitis caused by Candida spp. affects elderly individuals using partial/total prosthesis,
provoking several discomforts including burning sensation and altered taste. Herein, we have studied
52 denture-wearing individuals (>60 years-old), attended at the dentistry clinic of UNIVALE, aiming to
isolate Candida spp. directly from the stomatitis lesions and to evaluate their potential to produce virulence
attributes. A low prevalence of denture-related stomatitis was reported in these patients (4/52; 7.7%).
Candida albicans was isolated in the 4 selected patients, with the ability to form biofilm over a polystyrene
surface and to produce aspartic protease, esterase and hemolysin. However, neither phospholipase nor
caseinase activities were detected. Planktonic-growing yeasts were susceptible to amphotericin B and
caspofungin, while the susceptibility to azoles (fluconazol, itraconazole and voriconazole) varied depending
on either the isolate or antifungal. Relevantly, biofilm-forming C. albicans cells exhibited resistance to all
studied antifungals. So, new effective drugs against resistant C. albicans isolates causing denture-related
stomatitis are urgently required.
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Introduction

Despite the advances in dental care, edentulous cases remain a significant issue, especially among elderly
individuals. According to the Brazilian Oral Health Survey, 45% of elderly persons need to use complete
dentures (Soares et al., 2018). Denture-related stomatitis is considered themost common disease to afflict
denture wearers and it has been shown to affect approximately 50% of this specific population (Figueiral
et al., 2015). The long-term use of dentures, associated with poor oral and prosthesis hygiene, increases
the risk of development of stomatitis, which is characterized as an inflammatory disorder of the
palatal mucosa usually caused by the proliferation of Candida spp., mainly Candida albicans
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(Thilakumara et al., 2017). The competence of C. albicans to colonize the mouth mucosa and, subse-
quently, to induce a successful infectious process is closely related to the production of several virulence
factors, including surface adhesins, extracellular enzymes and biofilm formation (Mello et al., 2017;
Schaller et al., 2005; Willaert, 2018), as well as the host immune status (Swidergall, 2019).

Objectives

In the present study, we have investigated the antifungal susceptibility profiles as well as the production of
potential virulence attributes in oral isolates of Candida albicans recovered from denture-related
stomatitis of elderly patients attended at the dentistry clinic of a Brazilian University (Universidade
Vale do Rio Doce – UNIVALE, Minas Gerais State, Brazil).

Methods
Study design and ethics

The present study was approved by the ethics committee (CAAE-39005514.5.0000.5157) and conducted
at the dentistry clinic of UNIVALE, including elderly individuals (>60 years-old), denture wearers,
functionally independent and non-institutionalized.

Sample collection and Candida identification

Denture-related stomatitis diagnosis was defined by clinicians and samples were collected directly from
oral lesions using a sterile swab (O'Donnell et al., 2015). Yeasts were morphologically identified by
CHROMagar Candida®(HiMedia-Laboratories, India), phenotypically by VITEK®2 (bioMérieux,
France) and molecularly by sequencing the ITS1–5.8S-ITS2 gene. Candida albicans ATCC 10231 was
used as reference strain.

Virulence attributes

Biofilm formation on polystyrene surface and production of extracellular enzymes (aspartic protease,
caseinase, phospholipase, esterase, phytase and hemolysin) were evaluated as previously described
(Ziccardi et al., 2015). Two biofilm parameters were analyzed: biomass (measured in methanol-fixed
biofilm using crystal violet dye) andmetabolic activity (measured in non-fixed biofilm bymetabolization
of 2,3-bis (2-methoxy-4-nitro-5-sulfophenyl)-5-[(phenylamino)carbonyl]-2H-tetrazolium hydroxide-
metabolization). The enzymatic activity was expressed as Pz value, which was calculated by the ratio of
the diameter of colony per the diameter of colony plus precipitation zone.

Antifungal susceptibility

Antifungal susceptibility of planktonic-growing yeasts was conducted following the standard micro-
dilutionmethod published byClinical and Laboratory Standards Institute (documentsM27-A3/M27-S3/
M27-S4). The effect of antifungals on biofilm-forming cells was determined by a microtiter-based assay
(Ziccardi et al., 2015).

Statistics

All experiments were performed in triplicate, in three independent experimental sets, and, when
appropriated, the results were expressed as mean � standard deviation.
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Results

Fifty-two patients fitted our inclusion criteria and 4 (7.7%) of them presented denture-associated
stomatitis, being selected to the next experiments. Demographic data, dental history and oral hygiene
habits were summarized in Table 1.

Candida was isolated from the lesions of patients with denture-related stomatitis. Morphological
(green colonies in CHROMagar Candida), biochemical (carbohydrate assimilation/metabolic enzymatic
profiles evaluated by VITEK®2 presented probability of identity to 98%) and genetic (ITS sequencing
alignment scores revealed 100% identity with reference isolates deposited in GenBank) analyses iden-
tified the fungal isolates as C. albicans.

Phenotypic assays showed that all C. albicans isolates produced esterase, being classified as good
producers as suggested by the Pz values, besides aspartic protease and hemolysin (weak producers).
However, no fungal isolate with the ability to produce phospholipase and caseinase was detected
(Table 2). Biofilm on a polystyrene surface was detected as judged by the measurement of two classical
parameters: biomass and metabolic activity (viability) (Table 2).

Planktonic cells of all C. albicans isolates were susceptible to amphotericin B (a polyene antifungal)
and caspofungin (an echinocandin antifungal), while the susceptibility pattern to azoles varied from
susceptible to resistant depending on both isolate and antifungal (Table 3). Impressively, biofilm-
growingC. albicans cells exhibited a remarkable resistance profile to all tested antifungal agents (Table 3).

Table 1. Demographic and oral characteristics of studied patients.

Strain
codes Age Gender

Prosthesis
characteristicsa

Dental-prosthesis
hygiene

Denture-associated stomatitis
characteristics

JSC 74 Female TMP, TMdP Regular Erythematous candidiasis (palate)

MAC 67 Female TMP, PMdP Good Erythematous candidiasis (palate)

MJR 66 Female TMP, PMdP Regular Erythematous candidiasis (palate)

NRV 83 Female TMP, TMdP Good Erythematous candidiasis (tongue)

aTMP, total maxillary prosthesis; TMdP, total mandibular prosthesis; PMdP, partial mandibular prosthesis.

Table 2. Hydrolytic enzyme production and biofilm formation by oral isolates of Candida albicans recovered from denture-
related stomatitis.

Strain
codes

Enzymatic activity (Pz)a Biofilm (Absorbance)

Hemolysin Esterase Aspatic Protease
Phospholipase/

caseinase
Biomass
(A590) Viability (A492)

JSC 0.861� 0.061 (w) 0.410 � 0.004 (g) 0.800� 0.070 (w) 1|1 (n) 0.263 � 0.059 0.296 � 0.059

MAC 0.923� 0.009 (w) 0.600 � 0.210 (g) 0.696 � 0.005 (g) 1|1 (n) 0.360 � 0.084 0.220 � 0.023

MJR 0.930� 0.003 (w) 0.477 � 0.109 (g) 0.800� 0.007 (w) 1|1 (n) 0.263 � 0.075 0.135 � 0.018

NRV 0.890� 0.046 (w) 0.474 � 0.011 (g) 0.800� 0.042 (w) 1|1 (n) 0.260 � 0.075 0.204 � 0.031

ATCC
10231 0.843� 0.044 (w) 0.446 � 0.075 (g) 0.894� 0.007 (w) 1|1 (n) 0.317 � 0.093 0.265 � 0.026

aThe enzymatic activities weremeasured by the formation of a clear halo around the colony and expressed as Pz value as previously proposed
by Price et al. (1982). The Pz value was scored into four categories: Pz of 1.0 was evaluated as negative (n); high Pz between 0.999 and 0.700
represents weak enzymatic activity (w); moderate Pz between 0.699 and 0.400 represents good enzymatic activity (g); low Pz between 0.399
and 0.100 represents excellent enzymatic activity. The results were expressed as mean � standard deviation of three independent
experimental sets.
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Discussion

Denture-associated stomatitis is related to both exogenous and endogenous factors, which can lead to
differences in prevalence and clinical manifestations’ severity (Thilakumara et al., 2017). In this context,
published works reported a broad range of stomatitis prevalence in middle aged or elderly, varying from
10 to 85%, with females being affected slightly more commonly than males (Bianchi et al., 2016; Rivera
et al., 2017). Our study revealed a low prevalence (7.7%) of denture-related stomatitis and these selected
patients were all female (mean age 70.5� 7.9 years-old). Our Dentistry sector has a small flow of patients
attended at the University clinic. However, this small flow of patients has a positive impact in our studies
permitting us to follow each patient more close. The socioeconomic conditions as well as the good oral
hygiene are possible hypothesis to justify the small number of denture-associated stomatitis detected in
our patients.

C. albicans was isolated from all stomatitis patients, being able to produce biofilm and hydrolytic
enzymes, two well-known virulence attributes. Biofilm is a physical barrier that prevents the penetration
of antimicrobials and host defenses (Mello et al., 2017). In a general way, hydrolytic enzymes are capable
in destroying cell/tissue structures, including proteins and lipids, and humoral defense molecules, like
antibodies, complement system proteins and antimicrobial peptides (Schaller et al., 2005).

Conclusions

In our clinical samples, oral isolates of C. albicans resistant to azoles, including fluconazole that is
commonly used to treat denture-associated stomatitis, were detected. The isolation of C. albicans able to
form biofilm is a veritable problem, because it is one of the main causes of antifungal treatment failure.
Moreover, the secretion of hydrolytic enzymes able to destroy host tissues/cells can increase the local
inflammatory response, aggravating the clinical manifestations and the disease progression. So, it is
urgently necessary to consider new treatment options to combat infections caused by resistant isolates of
C. albicans. In this context, new drugs with anti-C. albicans action and novel compounds able to block the
expression of virulence factors should be discovered to improve the antifungal armamentarium to be
used in clinical settings.
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Table 3. Susceptibility profiles of both planktonic- and biofilm-forming cells of oral isolates of Candida albicans recovered
from denture-related stomatitis to different classical antifungals.

MIC/bMIC [μg/ml]a

Strain codes Amphotericin B Caspofungin Fluconazole Itraconazole Voriconazole

JSC 0.5 (S)/>8 (R) 0.06 (S)/1 (R) >64 (R)/>64 (R) 0.5 (SDD)/>64 (R) 0.5 (SDD)/>64 (R)

MAC 0.25 (S)/>8 (R) 0.06 (S)/>8 (R) >64 (R)/>64 (R) 8 (R)/>64 (R) >16 (R)/>64 (R)

MJR 0.25 (S)/>8 (R) 0.06 (S)/4 (R) 2 (S)/>64 (R) 0.03 (S)/>64 (R) 0.06 (S)/>64 (R)

NRV 0.25 (S)/>8 (R) 0.06 (S)/2 (R) >64 (R)/>64 (R) 0.06 (S)/>64 (R) >16 (R)/>64 (R)

ATCC 10231 0.5 (S)/>8 (R) 0.125 (S)/>8 (R) 4 (SDD)/>64 (R) 0.5 (SDD)/>64 (R) 0.5 (SDD)/>64 (R)

aMIC, minimum inhibitory concentration for planktonic cells; bMIC, minimum inhibitory concentration for biofilm-forming cells; R, resistant; S,
susceptible; SDD, susceptible-dose dependent.
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