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Abstract
The treatment of choice for chronic atrophic candidiasis (CAC), also known as denture stomatitis, is topical antifungal 
therapy. This study aimed to isolate, identify, and assess the antifungal susceptibility of Candida species from mucosal 
sites in denture wearers with a diagnosis of CAC and determine the prevalence of associated variables. The sample 
consisted of 44 patients wearing complete or partial dentures who had a clinical diagnosis of CAC. Using sterile cotton 
swabs, specimens were collected from the oral mucosa of all patients and grown at 30ºC for 48 h in CHROMagar 
Candida, as a means of isolating and screening the species. The complementary identification of the species was 
performed using the VITEK 2 automated system (BioMérieux), as well as the determination of their susceptibility to 
antifungal agents. Data were analyzed using the chi-square test. STATA 13.1 was used for statistical analysis (α = 5%). 
Of 44 patients with CAC, 33 (75%) had lesions classified as Newton type II. Yeasts were isolated in 38 cases. The most 
prevalent species was Candida albicans. None of the isolates were resistant to the antifungals tested. Our findings 
suggest that current indications for antifungal agents are appropriate. Also, antifungal susceptibility testing and proper 
fungal identification can help dentists to determine the optimal course of treatment for CAC.
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Sensibilidade a antifúngicos por amostras de Candida spp isoladas de casos 
de candidíase atrófica crônica (CAC)

Resumo
O tratamento de escolha para candidíase atrófica crônica (CAC), também conhecida como estomatite protética, é a 
terapia antifúngica tópica. Este estudo teve como objetivo isolar, identificar e avaliar a susceptibilidade antifúngica de 
espécies de Candida de locais mucosos em portadores de prótese com diagnóstico de CAC e determinar a prevalência 
de variáveis associadas. A amostra consistiu em 44 pacientes portadores de próteses completas ou parciais que tiveram 
um diagnóstico clínico de CAC. Usando swab estéril, foram coletados espécimes da mucosa oral de todos os pacientes 
e cultivados a 30ºC durante 48 h em CHROMagar Candida, como forma de isolamento e triagem das espécies. 
A identificação complementar das espécies foi realizada no sistema automatizado VITEK 2 (BioMérieux), bem como a 
determinação da susceptibilidade delas a agentes antifúngicos. Os dados foram analisados usando o teste do qui-quadrado. 
O STATA 13.1 foi utilizado para análise estatística (α = 5%). Dos 44 pacientes com CAC, 33 (75%) apresentaram lesões 
classificadas como Newton tipo II. As leveduras foram isoladas em 38 casos. A espécie mais prevalente foi Candida 
albicans. Nenhum dos isolados foi resistente aos antifúngicos testados. Nossas descobertas sugerem que as indicações 
atuais para os agentes antifúngicos são apropriadas. Além disso, testes de susceptibilidade antifúngicos e identificação 
fúngica adequada podem ajudar os dentistas a determinar o curso ótimo de tratamento para CAC.
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1. Introduction

Oral candidiasis is a common chronic condition that 
affects a large proportion of the population, especially 
denture wearers. Chronic atrophic candidiasis (CAC), 
also known as denture stomatitis, is the most common 
manifestation of Candida infection and affects more than 
65% of individuals wearing maxillary partial dentures 
(Gonçalves et al., 2013; Chambo-Filho et al., 2014; 
Santos et al., 2016; Punnia-Moorthy, 2019). CAC is usually 
detected during intraoral examination and characterized as 
inflammation and erythema of the oral mucosal surfaces 
covered by the dental prosthesis (Armstrong et al., 2016).

The diagnosis of CAC is established by clinical 
examination, but the use of microbiological methods 
as a complementary diagnostic tool, such as the oral 
smear method, is advisable (Lund et al., 2010). Available 
methods for the identification of Candida species include 
polymerase chain reaction (PCR), CHROMagar Candida 
medium (based on colony color), and new automated 
methods that allow simultaneous testing of antifungal 
susceptibility (Alam et al., 2014; Tellapragada et al., 2014; 
Aydemir et al., 2017; Brandolt et al., 2017).

The treatment of choice for CAC is topical antifungal 
therapy, although systemic therapy may be required in 
some cases. Patients should also be advised to always 
remove dentures before going to bed, soak them in sodium 
hypochlorite or sodium bicarbonate solution, and clean 
them thoroughly (Andrade et al., 2013; Emami et al., 
2014). The most commonly used antifungal agents for 
the treatment of CAC are polyene antifungals (nystatin), 
which alter the permeability of the fungal cytoplasmic 
membrane, azole antifungals (miconazole, ketoconazole, 
itraconazole, and fluconazole), which bind to the membrane 
and destroy its constituent components, rendering it non-
functional, and DNA analogs (flucytosine), which interfere 
with fungal nucleic acid synthesis (Skupien et al., 2013; 
Lalla and Dongari-Bagtzoglou, 2014; Tay et al., 2014). 
For systemic therapy, intravenous amphotericin B can be 
administered in extreme cases; however, it is an extremely 
strong medication associated with immediate adverse 
effects, such as fever, chills, and nausea (Costa et al., 
2013). Fluconazole, administered orally or intravenously, 
can provide a viable alternative, especially in cases of 
disseminated candidiasis, due to its high efficacy and 
low toxicity. Miconazole is also available in patch form 
(Kossioni, 2011).

Given the often prolonged and recurrent nature 
of traditional antifungal therapy, the strains become 
resistant to these agents. However, it is unclear whether 
the demographic and clinical profile of patients with oral 
candidiasis receiving these agents is similar or varies 
depending on the type of antifungal prescribed. In addition, 
it is important to isolate, identify, and test the antifungal 
drug susceptibility of causative agents involved in CAC 
(Skupien et al., 2013; Gleiznys et al., 2015; Patil et al., 
2015; Warnakulasuriya, 2019).

A previous study performed by our group provided 
first epidemiology data on frequency of chronic 
atrophic candidiasis (CAC) and the prevalence of 
certain infection-associated variables to this disease 
(Lund et al., 2010). However this study addressed 
to other variables associated to CAC, and yeasts 
were identified using traditional phenotypic tests 
[micromorphology, microculture in agar cornmeal, 
chromogenic medium (CHROM Agar Candida) and 
growth in hypertonic broths], but these data were not 
confirmed in that occasion by a biochemical automated 
method (VITEK 2). Moreover, the first study did not 
assess the susceptibility of the isolates of Candida and 
some variables associated to CAC were not taken into 
consideration, as the categorization of the status of 
CAC in patients according to the Newton classification 
(Newton, 1962).

Considering this and the lack of data on these topics 
taken in the present work, this study aimed to assess the 
prevalence of Candida spp. isolated from patients with 
chronic atrophic candidiasis and some variables associated 
to CAC, as well as to determine the susceptibility of these 
isolates by a biochemical automated method.

2. Materials and Methods

Participants were recruited among adult patients seeking 
dental care at the Center for Diagnosis of Oral Diseases 
of the Universidade Federal de Pelotas (UFPel) School 
of Dentistry, southern Brazil, from April 2014 to March 
2015. The study was approved by the Research Ethics 
Committee of the institution (protocol no. 033/2006) 
and conducted in accordance with the provisions of the 
Declaration of Helsinki. Written informed consent was 
obtained from all individual participants prior to their 
inclusion in the study.

Eligible participants were all patients aged ≥ 18 years 
wearing complete or partial dentures who had a clinical 
diagnosis of CAC and were able to understand and 
complete the study questionnaire. The clinical diagnosis 
of CAC was based on intraoral findings of diffuse or 
focal, erythematous, micropapular lesions in the palatal 
mucosa and/or on the dorsum of the tongue that were 
clinically consistent with CAC. Exclusion criteria were 
the presence of other oral conditions that preclude 
immediate mycological diagnosis and absence of clinical 
manifestations consistent with CAC.

All patients who agreed to participate in the 
study underwent an intraoral examination for clinical 
manifestations of CAC and then completed a standardized 
questionnaire. A single examiner, who had been previously 
trained and calibrated by an oral pathologist, performed 
all examinations under a standard operatory light using 
a mouth mirror, wooden tongue depressors, and gauze 
pads. The status of CAC was categorized according to 
the Newton classification (Newton, 1962), which divides 
the condition into three types based on the clinical 
appearance of the lesions: type I – pinpoint hyperemia or 
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localized inflammation, with small areas of inflammation 
usually found around the minor palatal salivary glands; 
type II – diffuse hyperemia characterized by generalized 
inflammation of the entire denture-bearing area and a 
smooth mucosal surface; and type III – inflammatory 
nodular/papillary hyperplasia usually on the central hard 
palate and the alveolar ridge.

The following variables were considered in the analysis: 
clinical appearance of the lesions (Newton classification); 
site of involvement (palate, tongue, or both); systemic 
disease (presence or absence); type of denture (complete, 
partial, or both); length of denture use (≤ 1 year, 2-5 years, 
6-10 years, or > 10 years); compliance with denture hygiene 
instructions (yes or no); removal of dentures at night 
(yes or no); history of antifungal therapy (yes or no); and 
current smoking (yes or no).

Using sterile cotton swabs, specimens were collected 
from the oral mucosa of all selected patients by gently 
rubbing the affected mucosa (Lund et al., 2010). Cultures 
were grown at 30 °C for 48 h in Petri dishes containing 
CHROMagar Candida medium (Probac do Brasil, São 
Paulo, SP, Brazil). The material was then frozen for later 
identification.

Species were identified using the VITEK 2 Compact 
automated system (BioMérieux, Brazil), and VITEK 2 YST 
ID cards were used for fungal identification. The VITEK 2 
system is integrated with the Myla software (BioMérieux, 
Brazil), which combines information on a central dashboard 
for monitoring of sample preparation and analysis. The loaded 
cards were simultaneously placed in VITEK 2, a fully 
automated system composed of traditional biochemical 
tests for yeast identification.

The Candida spp. isolates were tested for antifungal 
susceptibility in the VITEK 2 system using the AST-YS07 
card (BioMérieux, Brazil), which measures susceptibilities 
to flucytosine, fluconazole, voriconazole, amphotericin B, 
caspofungin, and micafungin.

Statistical analysis was performed using STATA, 
version 13.1. Variables were tested for their association 
with the three Newton types using Pearson’s chi-square 
test. The level of significance was set at 5% (P ≤ 0.05).

3. Results

A total of 44 patients with a clinical diagnosis of 
CAC were eligible and agreed to participate in the study. 
Specimens were collected from all 44 patients, but yeasts 
were isolated in 38 cases. The remaining 6 cases did not 
exhibit growth after 48 h of incubation.

The characteristics of the sample are shown in Table 1. 
The most prevalent form of CAC was Newton type II 
(33 of 44 patients, 75.0%). Regarding denture use, most 
patients (63.6%) wore complete dentures, and only 1 
patient (2.3%) had been wearing dentures for ≤ 1 year. 
Only 1 patient (2.3%) reported not complying with denture 
hygiene instructions, while 17 (38.6%) reported not 
removing the denture at night. Twenty patients (45.4%) 

had received prior antifungal therapy, and 10 patients 
(22.7%) were smokers.

The palate was the most common site of involvement, 
accounting for 43 cases (97.7%). In 1 case (2.3%), the 
lesion was located on the upper alveolar ridge. Regarding 
the presence of systemic diseases, 15 patients (34.1%) 
reported having a systemic disease (Table 1).

The most common diseases were hypertension, diabetes, 
and depression; all patients reported controlling the disease 
through medication.

Of the 38 Candida spp. isolates, 34 grew only one 
species, while 4 grew two species – overall, the most 
prevalent species was Candida albicans (Figure 1).

None of the isolates were resistant to the antifungals 
tested (Table 2).

Six Candida spp. isolates (15.8%) were associated 
with type I lesions, 29 (76.3%) with type II lesions, and 
3 (7.9%) with type III lesions (Figure 2).

Table 1. Characteristics of the sample (n=44 patients).
Variable n %

Newton type
I 8 18.2
II 33 75.0
III 3 6.8

Type of denture
Complete denture 28 63.6
Removable partial denture 6 13.6
Both 10 22.7

Length of denture use (years)
≤ 1 1 2.3
2 to 5 9 20.5
6 to 10 20 45.5
> 10 14 31.8

Compliance with denture hygiene 
instructions

Yes 43 97.7
No 1 2.3

Removal of dentures at night
Yes 27 61.4
No 17 38.6

Prior antifungal therapy
Yes 20 45.5
No 24 54.6

Current smoking
Yes 10 22.7
No 34 77.3

Site of involvement
Palate 43 97.7
Tongue 0 0
Both 1 2.3

Systemic disease
Present 15 34.1
Absent 29 65.9
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Table 3 shows the associations between Newton types 
and other variables of interest. None of the associations 
were statistically significant.

4. Discussion

Among the several clinical forms of candidiasis, 
CAC is considered one of the most ubiquitous of all 
opportunistic infections, frequently co-occurring with 
angular cheilitis, at the labial commissures, or in the 
“kissing lesion” of the dorsum of the tongue (Rao, 2012; 
Chambo-Filho et al., 2014; Brandolt et al., 2017; Hellstein 
& Marek, 2019). Studies suggest that women are more 
affected than men; however, it is known that women are 
more likely to seek medical attention and that incidence 
increases with advancing age, i.e., older adults have a 
higher prevalence of this condition, particularly due to 

denture use and difficulties in oral hygiene (Rao, 2012; 
Chambo-Filho et al., 2014).

Candidiasis is often associated with local conditions, 
such as other oral lesions (traumatic fibromas, aphthous 
stomatitis, carcinoma, etc.), or systemic diseases, such 
as diabetes, cardiovascular disorders, depression, and 
immunosuppression (Lund et al., 2010; Brandolt et al., 
2017; Hellstein & Marek, 2019). In the present study, most 
patients had no systemic diseases or other oral lesions.

Yeasts of the species C. albicans account for 80-90% 
of all cases of CAC, although other species can also 
be implicated, such as C. tropicalis, C. parapsilosis, 
C. glabrata, C. stellatoidea, C. guilliermondii, and C. krusei 
(Lund et al., 2010; Costa et al., 2013; Alam et al., 2014; 
Hellstein & Marek, 2019; Punnia-Moorthy, 2019). In the 
present study, more than 90% of isolates were identified 

Figure 1. Flowchart of tests performed and species identified.

Table 2. Isolates and susceptibility to the antifungals tested.
Fungus n %

C. albicans
Resistant 0 0
Susceptible 37 100
C. dubliniensis
Resistant 0 0
Susceptible 2 100
C. glabrata
Resistant 0 0
Susceptible 1 100
C. parapsilosis
Resistant 0 0
Susceptible 1 100
C. guilliermondii
Resistant 0 0
Susceptible 1 100

Figure 2. Association between isolation and Newton 
types I, II, and III lesions.
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as C. albicans, either as the sole species identified or as 
one of the species involved.

The most common Newton classification of CAC is 
type II, which corresponds to an area of diffuse erythema 
on the palate (Newton, 1962; Chambo-Filho et al., 2014), 
consistent with the higher prevalence of type II lesions 
observed in the present study. This distribution most likely 
occurs because patients with CAC often wear complete 
dentures, which entails a larger surface area of contact 
between the prosthesis and palate. However, when the 
Newton classification was cross-referenced with the other 
variables of interest, no statistically significant differences 
were found for any of the individual-level variables.

Several methods are available for the identification of 
Candida species. In the present study, we used the VITEK 
2 system, in which an electronic workflow is generated 
automatically, ensuring complete sample traceability from 
beginning to end. This system was also used to test the 
isolates for susceptibility to several antifungals (flucytosine, 
fluconazole, voriconazole, amphotericin B, caspofungin, 
and micafungin); as the results show, none of the isolates 
were resistant to the antifungals tested.

The treatment of choice for CAC is topical antifungal 
therapy, which leads to regression of the disease in most 
cases. However, in some situations, remission is difficult 
to achieve. The major challenges observed are resistance 
to antifungal agents, dependence on patient adherence 
to treatment, which is often hindered by advanced age, 
dissolution of orally administered agents, and cleansing of 
the oral cavity by saliva (Lalla and Dongari-Bagtzoglou, 
2014; Ohshima et al., 2018). These factors contribute to 
reduced concentration of topical antifungals, which often 
leads to protracted treatment and high recurrence rates 
(Mima et al., 2012; Maciag et al., 2014). All patients 
included in this study were or had been receiving topical 
antifungal therapy and were kept under periodic follow-up.

Exposure to subtherapeutic concentrations is believed 
to be one of the factors responsible for the increased 
pathogenicity of Candida species (Copping et al., 2005; 
Sanita et al., 2013). Potential increases in pathogenicity 
of species less virulent than C. albicans, but resistant 
to fluconazole – such as C. krusei – is also a concern 
(Messer et al., 2006). In addition, clinicians must take 
into account that systemic antifungal therapy, although 

Table 3. Association between Newton types and the variables of interest (n=44 patients).

Variable
Newton type

P-value*I II III
n % n % n %

Type of denture 0.534
Complete denture 5 17.9 22 78.6 1 3.6
RPD 2 33.3 3 50.0 1 16.7
Both 1 10.0 8 80.0 1 10.0
Length of denture use 0.134
≤ 1 years 1 100.0 0 0.0 0 0.0
2 to 5 years 2 22.2 7 77.8 0 0.0
6 to 10 years 5 25.0 14 70.0 1 5.0
>10 years 0 0.0 12 85.7 2 14.3
Daily hygiene 0.843
No 0 0.0 1 100.0 0 0.0
Yes 8 18.6 32 74.4 3 7.0
Removal of dentures at night 0.206
Yes 6 22.2 18 66.7 3 11.1
No 2 11.8 15 88.2 0 0.0
Prior antifungal therapy 0.140
No 5 20.8 19 79.2 0 0.0
Yes 3 15.0 14 70.0 3 15.0
Smoking 0.879
No 6 17.7 26 76.5 2 5.9
Yes 2 20.0 7 70.0 1 10.0
Affected site 0.843
Palate 8 18.6 32 74.4 3 7.0
Both 0 0.0 1 100.0 0 0.0
Systemic disease 0.292
Present 4 26.7 11 73.3 0 0.0
Absent 4 13.8 22 75.9 3 10.3
RPD = removable partial denture. *Pearson’s chi-square test.
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effective, is unable to eliminate the microorganisms 
that have colonized the surface of the dental prosthesis 
(Shapiro et al., 2011; Javed et al., 2014).

The efficacy of treatment depends on a variety of 
factors, including patient cooperativeness, proper dosage, 
and proper treatment duration. Therefore, the optimal 
treatment strategy for CAC must be chosen on a case-by-case 
basis (Chambo-Filho et al., 2014; Kesic et al., 2014). 
An alternative for better solution of cases of CAC is to 
introduce the use of the antifungals tested in the VITEK 
2 system as part of the routine service in laboratories, 
medical centers, clinics or hospitals.

In conclusion, the most prevalent form of CAC in 
our sample was Newton type II, and the most prevalent 
species was C. albicans. Complete denture wearers were 
the most commonly affected group, and the palate was the 
predominant site of involvement. None of the identified 
species were resistant to the antifungals tested. These 
findings suggest that current indications for these antifungal 
agents are appropriate and that antifungal susceptibility 
testing and proper fungal identification can help dentists 
determine the optimal course of treatment for CAC.
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