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MULTICENTER STUDY OF CANDIDA SPECIES IN 
ORAL MUCOSA OF DIFFERENT PATIENTS: ANALYSIS 

OF 711 STRAINS AND LITERATURE REVIEW
Rennan Luiz Oliveira dos Santos1, Luciana da Silva Ruiz2, Marcos Ereno 
Auler3, Jorge Kleber Chavasco4, Débora Moreira5, Regina Teixeira Barbieri 
Ramos1, Bruna Rossini Lara2,6 and Claudete Rodrigues Paula1

ABSTRACT

This study aimed to identify Candida spp. collected from oral mucosa and maintained in culture 
collections, correlating the findings with the medical history of patients and comparing with 
data from the literature over the past five years. Seven hundred and eleven oral Candida spp. 
isolates, collected between 2013 and 2017, were selected and identified using traditional and 
molecular methods. In addition, a literature review was performed with the key words: “Oral”, 
“Candida” and “Yeast”. Seven species of the genus Candida: were identified C. albicans 
(73.3%); C. tropicalis (9.3%); C. parapsilosis (8.2%); C. glabrata (3.9%); C. guilliermondii 
(2.8%); C. krusei (1.7%) and C. lusitaniae (0.3%). The strains identified as C. albicans were 
submitted to molecular methods using specific primers and of these, 5.8% were identified as 
C. dubliniensis strains. The greatest diversity of strains was found in patients presenting no 
systemic diseases or HIV +, while the highest percentage of strains of Candida non-albicans 
were observed in cancer patients. This study reports a representative distribution of Candida 
species among individuals exhibiting distinct clinical conditions, in order to contribute to 
the design of future research on details of aspects involved in the infections caused by these 
microorganisms. The correct identification of oral Candida strains contributes to a realistic 
epidemiological approach and future clinical protocols against these pathogens.

KEY WORDS: Candida; oral candidiasis; dentistry; yeasts; HIV; co-infection.

INTRODUCTION

Disorders in the human organism can negatively affect the mouth, 
presenting one only, the first, or more serious characteristic of systemic 
diseases, such as infections, hematological and gastrointestinal disorders 
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among others. Many diseases may be initially present in the oral mucosa, and 
oral mucosal disorders may arise as a result of systemic diseases. Among these, 
the most noteworthy is oral candidiasis, the most common fungal infection of 
the oral cavity in humans (Millsop & Fazel, 2016; Porter et al., 2017; Hu et 
al., 2019).

Yeasts of the genus Candida are described as commensal 
microorganisms of the oral microbiota. However, in patients with several 
local conditions, such as prosthetic devices and hyposalivation, or systemic 
conditions that affect their immunity, namely cancer, diabetes mellitus and 
AIDS, these microorganisms proliferate due to their opportunistic character, 
causing candidiasis (Lewis &  Williams, 2017).

These fungi are, therefore, considered one of the primary indicators 
of immunodeficiency (Santos et al., 2018), and monitoring and knowledge 
of the different species are essential for the establishment of therapeutic and 
prophylactic drug protocols to be recommended against the disease already 
detected (Leon et al., 2006; Badiee et al., 2017). Moreover, in recent years 
there has been an increase in the resistance of these yeasts to antifungal agents 
used in dental practice (Silva et al., 2002).

Candida albicans is the most frequent species related to oral fungal 
infections in human adults and children, and is one of the most virulent species 
of the genus. As well as C. albicans, other species are described in oral mucosa, 
such as C. parapsilosis, C. tropicalis, C. guillermondii, C. dubliniensis, among 
others (Batista et al., 2014; Loster et al, 2016; Aslani et al., 2018). Currently, 
studies in different countries have shown a change in the epidemiology of 
Candida spp. (Goulart et al., 2018).

Candida dubliniensis, described by Sullivan et al. in 1995, has attracted 
considerable attention because of its association with HIV+ individuals. There 
is some difficulty in identifying and phenotypically differentiating C. albicans 
from C. dubliniensis, only possible through molecular identification methods 
(Chavasco et al., 2006; Livério et al., 2017). Mycological studies in the field of 
dentistry that target the genus Candida, often focus on C. albicans, while other 
species remain neglected. In addition, it should be noted that C. dubliniensis 
strains may be misidentified as C. albicans, explaining the controversial 
literature data and the clinical impact of oral candidiasis (Al-Ahmad et al., 
2016).

Considering that oral candidiasis is a significant health problem in terms 
of morbidity and economic effort, the purpose of this study was to identify 
collection strains of the genus Candida isolated from the buccal vestibule of 
pediatric and adult patients, correlating the findings with their medical history 
and comparing the data with a literature review covering the last five years.
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MATERIAL AND METHODS

Multicenter study and strains

Seven hundred and eleven strains from culture collections in four 
different Brazilian centers were studied. Of these, 350 were obtained from 
the Pathogenic Yeast Laboratory in the Faculty of Dentistry at the University 
of São Paulo, 150 from the Laboratory of Clinical Analysis at the Unicentro 
University, 124 from the Mycology Sector in the Adolf Lutz Institute and 
87 from the Microbiology and Immunology department in the University of 
Alfenas.

These strains were isolated from the oral mucosa of children and non-
smoking adults, without prosthesis and without clinical signs of candidiasis, 
from 2013 to 2017. Each strain was seeded on Petri dish surfaces with 
Sabouraud dextrose agar medium (SDA DIFCO®, Detroit, MI, USA) plus 
chloramphenicol (100 mg/L-1) and incubated at 25°C for 96 hours. In addition, 
the medical data of patients were obtained to correlate with the strains studied.

Phenotypic identification

The isolated yeasts were studied for their macroscopic, microscopic, 
reproductive and physiological characteristics, according to the methods 
recommended by Kurtzman & Fell (2011).

Molecular identification

The samples identified phenotypically as C. albicans underwent 
molecular characterization for differentiation from the C. dubliniensis species. 
The DNA was extracted, quantified and amplified following the protocol of 
Chavasco et al. (2006). Two pairs of primers were used: one for C. dubliniensis 
(CDU2 – 5’AGT TAC TCT TTC GGG GGT GGC CT 3’/NL4CAL – 5’AAG 
ATC ATT ATG CCA ACA TAG TAG GTA AA 3’) and another for C. albicans 
(CAL5 – 5’TGT TGC TCT CTCGGG GGC GGC CG 3’/NL4CAL – 5’AAG 
ATC ATTATG CCA ACA TAG TAG GTA AA 3’). The presence or absence of 
an amplified fragment was analyzed by agarose gel electrophoresis visualized 
in UV transilluminator. Standard strains ATCC64548 (C. albicans) and 777 (C. 
dubliniensis) were used.

Literature Review

A literature review covering the last five years was carried out 
regarding the prevalence of Candida species in oral mucosa. The research was 
conducted in August 2018 using the terms “oral”, “Candida”, “yeast”. The 
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inclusion criteria were studies on the prevalence of oral Candida in humans 
and studies in English. The exclusion criteria were studies that did not report 
the prevalence of oral Candida in humans, reviews on the subject, studies in 
languages other than English, studies that restricted the species studied and 
studies with unavailable complete texts. The electronic database PubMed 
(National Library of Medicine) was examined to identify studies that could 
be included. The articles were checked regarding the eligibility criteria, all 
duplicated articles were removed and, finally, selected. The following data 
were extracted from the articles: number of strains identified, species identified, 
methods used to identify these strains and groups of patients evaluated.

RESULTS 

Phenotypic identification

Seven different species of the genus Candida were identified, among 
which the most prevalent was C. albicans with 521 (73.3%) strains identified, 
followed by C. tropicalis with 70 (9.9%) and C. parapsilosis with 58 (8.2%). 
(Figure 1).

Figure 1. Distribution of the species of yeasts isolated from the oral mucosa of 
children and non-smoking adults, without prosthesis and without clinical signs 
of candidiasis, from 2013 to 2017.
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Molecular identification

Since the phenotypic isolates from C. albicans and C. dubliniensis 
behave identically, the 521 strains initially identified as C. albicans underwent 
molecular methods for the differentiation between these species, where 491 
(94.2%) were maintained as C. albicans and 30 (5.8%) were identified as C. 
dubliniensis (Figure 2).

Figure 2. Eletrophoretic analysis of the products obtained through the 
amplification of the genomic DNA of the isolate studied using the primers 
CAL5 and NL4CAL, and CDU2 and NL4CAL. (1) - standard strain of C. 
albicans; (2) - standard strain of C. dubliniensis; (15) - sample strain (Chavasco 
et al., 2016). Photo courtesy of Prof. Dr. Jorge Kleber Chavasco. 

Correlation with clinical data

Patient age ranged from 2 to 40 years, with a mean age of 23 years. 
All these strains were analyzed by discussing the medical history of the donor. 
The samples came from patients without systemic diseases (PWSD) and from 
patients compromised with systemic diseases: HIV+ patients, oncological and 
diabetic patients, as shown in Table 1.
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Figure 3. Planning the search of articles through the PUBMED database.

Regarding the prevalence of Candida species, C. albicans species 
stands out being identified in all the studies. On the other hand, C. non-albicans 
species presented a proportion: C. glabrata, C. parapsilosis in 22 (78.6%), C. 
tropicalis in 21 (75%), C. krusei in 15 (53.6%), C. dubliniensis in 14 (50%), 
C. guilliermondii in 9 (32.1%), C. famata in 6 (21.4%), C. lusitaniae, C. kefyr 
in 5 (17.8%), C. inconspicua, C. lipolytica, C. rugosa, C. norvegiensis, C. 
intermedia in 3 (10.7%), C. pelliculosa, C. sphaerica and C. quercitrusa 
in 2 (7.1%) and C. zeylanoides, C. railenensis, C. sake, C. pulcherrima, C. 
colliculosa, C. lambica, C. fukuyamaensis, C. africana, C. orthoparapsilosis, 
C. metaparapsilosis in 1 (3.6%). Three of the articles did not identify the non-
albicans species.

Regarding the methodologies used for the identification of the strains, 
presumptive techniques and commercial tests were the most used with reports 
in 16 (57.1%) articles. Conventional, molecular, MALDI-TOF MS, automatic 
system and methods were used in 15 (53.5%), 11 (39.3%), 2 (7.14%), 2 
(7.14%), and 1 (3.6%), respectively.

Regarding patient systemic diseases, 11 (37.9%) studies reported 
patients with no systemic problem,  6 (20.7%) with diabetic and pre-diabetic 
conditions, 5 (17.2%) with HIV+, 2 (6.9%) presented oncological patients and 
other diseases were pointed out in 10 (34.5%) articles.
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DISCUSSION

Colonization by Candida is common in humans. Several species of 
Candida are part of the oral microbiota (Lynch et al., 2016). In the present 
work, we highlight the considerable number of isolates from oral mucosa 
correctly identified using phenotypic and molecular methods.

Eight different yeast species of the genus Candida were identified, 
and these findings corroborate the global data shown in the literature review. 
The authors draw attention to the number of studies noted in the literature 
identifying C. non-albicans strains without correct conventional and/or 
molecular identification methods, which are necessary, as demonstrated by 
Jafari et al. (2017) and Livério et al. (2017). These findings, therefore, may be 
false positives and false negatives due to the lack of specificity against some 
of these strains.

In PWSD patients, eight yeast species of Candida genus were isolated, 
presenting a great diversity of strains in these patients, among which 21 
were C. dubliniensis. Although this species is prevalent in HIV+ patients, we 
consider the occurrence of this pathogen relatively high among the PWSD 
patients investigated, almost twice as high as that of HIV+. Recently, studies 
have reported the appearance of this pathogen in HIV- patients (Imabayashi 
et al., 2016; De-la-Torre et al., 2016), while others report no findings (Keten 
et al., 2015; Rajakumari et al., 2016). New controlled studies with the use 
of molecular identification techniques are desirable to clarify this aspect, 
distinguishing between identification failures in previous studies or confirming 
a characteristic of our population.

Candida lusitaniae was found in the oral mucosa of PWSD and HIV+ 
patients, a non-routine finding, but already reported in the studies of Javed et 
al. (2013) and Thanyasrisung et al. (2014). As the occurrence of C. lusitaniae 
isolates was limited to only two cases, it is necessary to consider the possibility 
of a transient micobiota, which could become a permanent micobiota, or the 
interference of socio-environmental factors still unknown in these individuals.

In HIV+ patients studies have demonstrated the prevalence of several 
Candida species, such as C. albicans, C. tropicalis, C. parapsilosis, C. krusei, 
C. glabrata, C. tropicalis, C. lusitaniae and C. guilliermondii (Ribeiro et al. 
2015; Menezes et al. 2015; Das et al. 2016; Osaigbovo et al., 2017; Spalanzani 
et al. 2018; Goulart et al., 2018) corroborating our findings.

	 When Candida non-albicans species are considered, there is great 
prevalence variation in these patients in the several published studies. In the 
same country, studies in different cities presented different results (Back-
Brito et al., 2009; Junqueira et al., 2012; Spalanzani et al., 2018). Therefore, 
special attention must be paid to a correct identification of the Candida species 
present, as well as monitoring the prevalence of these pathogens which may 
cause serious infections in susceptible patients (Maheshwari et al., 2016).
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	 Cancer patients represent a high-risk group for the acquisition of 
candidemia due to their overall condition, such as neutropenia, disease severity, 
presence of disseminated disease and comorbidities (Jayachandran et al., 2016; 
Soni et al., 2017). In the literature, C. albicans and C. tropicalis seem to compete 
which is the most prevalent species in these patients (Suryawanshi et al., 2012; 
Yogitha et al., 2015) corroborating our findings. This variation in prevalence 
seems to be dependent on the type of cancer as well as the general condition of 
the patient and the therapeutic protocol in use (Maheshwari et al., 2016).

	  In diabetic patients, Candida colonization may be due to the ability 
of this pathogen to attach to epithelial cells in conjunction with the reduction of 
tissue resistance against infection (Belazi et al., 2005). Rajakumari et al. (2016) 
identified C. albicans, C. glabrata, C. tropicalis and C. krusei corroborating 
with the data in the present study. However, Zomorodian et al. (2016) did not 
verify the presence of C. krusei and C. dubliniensis without associations with 
other species in this population.

Comparing the groups studied here, diabetics exhibited the smallest 
variety of Candida species, while PWSD and HIV+ patients presented all eight 
species identified in this study. Diabetes is a frequent universal disease and, in 
relation to the identification of Candida in the oral mucosa, suggests that the 
alterations caused by the disease in the body of the affected individual, follow 
a similar pattern, favoring certain species of the fungus that adapt to such local 
and systemic conditions, as opposed to the diversity of factors that probably 
occur in the group of cancer patients.

The data presented in Table 1 show a clear predominance of C. albicans 
species in these studied strains, and the groups of diabetic and HIV+ patients 
presented similar percentages. The group of PWSD patients showed an 
intermediate number and the group of cancer patients presented a number below 
50% for C. albicans. Another interesting fact that merits investigation is the 
expressive presence of C. tropicalis and C. parapsilosis in the group of cancer 
patients. This group of patients may be the most complex with predisposing 
conditions to diverse fungal infections, depending on the cancer type, location, 
comorbidities and therapeutics proposed for each patient.

The group of HIV+ patients presented the same variety of species as 
the group of PWSD patients, with small variations in incidence among C. non-
albicans species. This fact is somewhat understandable since immunosuppression 
is quite variable in this group of individuals and this aspect was not analyzed.

In conclusion, this study provides an interesting panel of distribution 
of Candida species among individuals exhibiting distinct clinical conditions, 
in order to contribute to the design of future research on the details of the 
conditions involved in the infections caused by this microorganism. With this 
research, a protocol of management and communication, regarding to the most 
effective prophylactic and therapeutic measures, can be defined.
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