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ABSTRACT 
 

Candidiasis is a common opportunistic infection that affects mainly oropharyngeal 

and vaginal mucosa, but can also be an invasive systemic and life-threatening disease 

(candidemia). Nowadays, disseminated candidiasis is highly associated with mortality, 

especially in immunocompromised and hospitalized patients. Among all candidal 

infections, oral candidiasis is the most common form and affects especially denture 

wearers and severe ill patients, such as those infected by HIV virus, under antibiotic or 

chemotherapy, and submitted to organ transplantation. Additionally, candidiasis is of 

great clinical importance in patients with the systemic disease Diabetes Mellitus. 

Clinically, this superficial infection may be characterized as erythematous lesions or 

white patches and, despite the fact that oral candidiasis is frequently asymptomatic, 

patients may complain of slight bleeding and swelling in the involved area, mucosal 

burning or other painful sensations. 

Usually, candidiasis has been treated with topical or systemic antifungal agents, such 

as those belonging to polyenes (nystatin, anphotericin B) or azoles, which are divided 

into imidazoles (clotrimazole, miconazole, and ketoconazole) and triazoles (fluconazole 

and itraconazole). A new class of antifungals, the echinocandins (caspofungin, 

micafungin, and anidulafungin), is also clinically available. However, besides the side 

effects and high cost, the indiscriminate use of these agents, especially the azoles, has led 

to the development of fungal resistance. Although these antifungal drugs are aimed at 

treating the infection in the oral mucosa, it is widely known that strict oral hygiene and 

denture disinfection measures are crucial to the treatment of oral candidiasis. Thus, to 
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overcome the limitations of these standard medications, the search for alternative 

therapies has directed the interest to physical methods of denture disinfection. In this 

context, the effectiveness of denture microwave disinfection has been demonstrated in 

several in vitro and in vivo studies. Another promising modality is the photodynamic 

therapy, which combines a photosensitizing agent with light of appropriate wavelength in 

the presence of oxygen, resulting in reactive species that are toxic to microbial cells. 

Moreover, immunotherapy, natural bioactive molecules, and vaccines have also been 

investigated. 

Based on the information given above, this book chapter will provide to the readers 

relevant and current scientific information about candidiasis. The topics that will be 

addressed are: oral candidal infection among healthy subjects, denture wearers, and 

immunocompromised patients; the frequent symptoms reported by infected individuals; 

and the available conventional and alternative treatment options for this common and 

clinically important disease. 

 

 

ORAL CANDIDAL INFECTION: PREVALENCE,  

SYMPTOMS, AND ETIOLOGICAL FACTORS 
 

Candida species, particularly Candida albicans, are the most common etiologic agent of 

a large percentage of fungi mediated oral, esophageal, and systemic diseases in human. 

Usually, these microorganisms live in a symbiotic relationship with healthy individuals. It 

was demonstrated that patients can harbor an abundance of yeasts in the oral cavity, even in 

the absence of clinical signs of infection [1]. However, if there are predisposing conditions 

related to the host, such as local conditions [2-12] or systemic diseases that lead to 

immunossupression [13-18], they can become opportunistic pathogens, invading tissues and 

causing infections. Among all candidal infections, oral candidiasis is the most common form 

and affects especially elderly individuals [6-9,11]. The high prevalence of oral candidiasis 

does reflect the impact of the epidemic. Epidemiologic data show that this infection has been 

reported in about 65% of denture wearer patients [19] and in a high percentage of 

immunocompromised individuals [16,17]. The manifestation of oral candidiasis can occur in 

many different forms, including acute pseudomembranous, acute atrophic, chronic 

hyperplastic, chronic atrophic (known as denture stomatitis), median rhomboid glossitis, and 

angular cheilitis [20]. Among them, denture stomatitis is the most common. According to the 

criteria proposed by Newton [21], denture stomatitis is clinically classified in type I, petechiae 

dispersed throughout all or any part of palatal mucosa in contact with the denture (localized 

simple inflammation); type II, macular erythema without hyperplasia (generalized simple 

inflammation); and type III, diffuse or generalized erythema with papillary hyperplasia 

(inflammatory papillary hyperplasia). Often, this infection is symptomless, however, patients 

may complain of halitosis, slight bleeding, and swelling in the involved area, mucosal 

burning or other painful sensations, dryness in the mouth, and taste alterations (dysgeusia) 

[22]. 

There are a number of local and host factors that are known to predispose oral 

candidiasis. Among the local factors, the use of removable total or partial prosthesis and 

subsequently biofilm formation on epithelial surfaces and prosthetic devices is critical in the 

development of oral candidiasis [2-4,10]. Candidal adherence to surfaces is a crucial first step  
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in the initiation and propagation of oral candidiasis [23,24] and, since Candida spp. have the 

ability to adhere to the denture tissue surface, dentures may act as reservoirs that harbor 

microorganisms, enhancing their infective potential [6-9,11,25,26]. When Candida species 

are accumulated in its pathogenic form (pseudohyphae and hyphae) in the denture surface, an 

intense immunological and inflammatory response is observed [27]. The presence of a 

removable denture in the oral cavity also decreases the salivary pH [28] and saliva flow rate 

[29], and impedes the mechanical cleaning of the soft tissue surfaces by the tongue [27]. In 

addition, denture induced trauma may reduce tissue resistance against infection because of 

increasing the permeability of the epithelium to soluble candidal antigens and toxins [28]. 

There are other important risk factors that may predispose the onset and progression of 

oral candidiasis. Among them, age, female gender, and the age of the dentures can be cited. 

Clinical studies that evaluated different groups of patients with oral candidiasis showed that 

the mean age of these patients was higher than 60 years [7-9,11,30,31]. In fact, it has been 

proposed that older patients had an increased risk of yeast infection [3] due to the greater 

number of denture wearers from the sixth decade of life [4,13,32]. In addition, it has been
 

found that elderly women presented more oral lesions than men [3,5,9,11,12,31,32]. The 

hormonal factor and the great incidence of iron deficiency in women could be responsible for 

this increased risk in women [5,25]. It has also been suggested that the higher prevalence in 

women may be due to the fact that female patients wear their dentures more often and perhaps 

for longer periods of time for esthetic purposes [4]. The age of dentures has also been related 

to the occurrence of oral candidiasis [4,5,8,9,11,12]. Tissue trauma, frequently detected in 

patients with poorly fitting dentures and non-balanced occlusion, can affect the occurrence of 

this infection [5]. Old dentures are also more difficult to keep clean because of the greater 

tendency to porosities in the denture base [33], favoring Candida colonization. It was 

observed that only 25% of individuals using dentures for less than one year were diagnosed 

with denture stomatitis, while more than 84% of those using dentures for more than 5 years 

had the disease [12]. 

Further than these local factors, tobacco smoking, dry mouth complaint or xerostomia, 

nocturnal wear of the dentures, and poor hygiene habits have also been found to be important 

etiological factors in oral candidiasis [3,8,9,11,29,34]. Tobacco smoking associated with 

denture friction on the oral mucosa alters the mucosal surface, leading to contamination by 

Candida spp. [34] Clinical studies found that tobacco smoking is associated not only to an 

increased frequency of oral candidiasis [10], but also to the severity of the infections [35]. 

Salivary secretion plays a significant role in oral mucosa immunity due to its physiological 

functions [29]. Moreover, studies have shown that saliva reduces the adhesion of C. albicans 

to acrylic [36]. Thus, an inadequate salivary production, which is frequently observed in oral 

candidiasis patients [9], may favor the colonization by Candida spp. [37] and the 

development of numerous oral and pharyngeal disorders, such as oral candidiasis [3]. It is 

also common that oral candidiasis patients have the habit of using their denture during sleep 

[9,38], thus facilitating the disease process [10]. In fact, continuous denture wearing might 

cause this infection by increasing the local injury [39], but it might also cause an increase in 

the time of mucosal exposure to denture biofilm [40]. It has been shown that edentulous 

patients who wear the dentures during sleep showed an increase in the density of C. albicans 

on the fitting surface of maxillary dentures [22] and in the severity of the infection [35]. Poor 

denture hygiene is another undesirable habit observed among denture wearers [5,9,41] and it  
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is frequently cited as a relevant local etiological factor for oral candidiasis [40]. Some clinical 

studies demonstrated a higher frequency of oral candidiasis in patients who did not clean their 

dentures properly [2,38]. In addition, when an improved oral hygiene protocol was adopted 

by denture wearers, an overall decrease in Candida spp. colonization and a significant 

reduction in the number of patients with candidiasis were observed [42]. 

When considering the host systemic factors, oral candidiasis frequently affects 

immunocompromised patients, such as those infected by HIV virus, under antibiotic or 

chemotherapy, and submitted to organ transplantation [14-18]. In AIDS patients, the body 

defenses are depressed, particularly the cellular immune response. Under these conditions, 

yeasts can quickly change from friendly commensals to harmful pathogens [18]. 

Oropharyngeal candidiasis has been considered a predictor of HIV infection and 

immunossupression and it is associated with CD4+ T-lymphocytes count less than 200 

cells/μL (< 15%) [43,44]. However, some studies have demonstrated that HIV viral load is a 

more important factor for developing oropharyngeal candidiasis than the CD4+ cell count 

[44,45]. Fortunately, the incidence of candidiasis in HIV-infected subjects has declined with 

antiretroviral therapy, but it remains high in patients with limited resources or with poor 

immunologic response and resistance to HIV drugs [43,44]. Additionally, patients who 

undergo organ transplantation are exposed to an intensified immunosuppressive regimen and, 

consequently, to a lifetime of chronic immunosupression [14]. This occurs because these 

patients are treated with immunosuppressive drugs, which also hindrance the immunologic 

defense mechanisms, including defense against mycosists [15]. In fact, investigators who 

compared the prevalence of Candida infections between denture wearer patients submitted or 

not to organ transplantation showed higher infection rates among the immunocompromised 

individuals [14]. 

This local fungal infection also has a high prevalence among patients with Diabetes 

Mellitus, which has been considered a global public health problem [46]. It has been 

estimated that the number of adults with diabetes worldwide is expected to increase to 300 

million in the next 15 years [46]. Besides damaging many organs and systems in the body 

[47], the consequences of diabetes are strongly associated with several local alterations in the 

oral mucosa, and, in this context, oral candidiasis is of great clinical importance [48]. Diabetic 

patients are more susceptible to fungal infections [13] and show a higher prevalence of 

Candida colonization in the oral cavity compared with non-diabetic individuals [13,30-

32,49]. There are several mechanisms that predispose the diabetics to fungal infections. 

Salivary glucose levels in diabetic patients favors yeast growth due to increased number of 

available receptors for Candida [50,51]. Consequently, buccal cells from diabetic patients 

have shown an increased adherence of C. albicans compared to buccal cells from non-

diabetics [52,53]. The micro-vascular degeneration found in histological examination of 

diabetic patients may also predispose to Candida colonization [51], making them more 

susceptible to infections. Another host factor which may promote the oral carriage of Candida 

in diabetics is the possible defects in candidacidal activity of neutrophils [51,54], particularly 

in the presence of glucose [54]. The reduced salivary flow, associated with diabetes, may also 

play a role in Candida colonization and, consequently, in the pathogenesis of oral candidiasis 

in these patients [29,36,37,49]. The presence of a denture in the oral cavity, associated with 

the local alterations of the oral mucosa and the systemic complications, may render the 

denture wearer patients with diabetes even more prone to candidal infection [31,32,53]. A 
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significantly higher incidence of Candida infection and increased levels of Candida spp. were 

found in diabetic patients wearing removable denture [31,32,53]. 

It is also important to mention that, besides the local and systemic host factors that 

predispose oral candidiasis, several virulence factors may influence the infective ability of the 

Candida spp. yeasts. Among them, phenotypic switching, filamentation, adhesion to host 

surfaces (epithelial cells and denture surfaces), and biofilm formation are considered 

primordial functions of Candida spp. yeasts that can be determinant to the onset of oral 

candidiasis [23,52,53,55]. Phenotypic switching is an epigenetic conversion from white cells 

to opaque cells in need for sexual mating [56]. White and opaque cells show differences in 

cell and colony morphology, metabolism, and interaction with the host [56,57]. Another 

important virulent factor observed in C. albicans is the ability of filamentation. C. albicans is 

a polymorphic microorganism, altering between different morphological types: the yeast and 

the filamentous (hyphae and pseudohyphae) forms. The filamentous form is characterized by 

elongated cells, but hyphae are narrow cells with parallel walls showing absence of 

constriction at the septation, while pseudohyphae are wider cells with constriction [56,58]. 

The yeast form is associated with the early steps of infection whilst filamentous forms are 

responsible for tissue invasion and deep infection [56,59]. The ability of Candida to produce 

extracellular hydrolytic enzymes, such as phospholipases and secreted aspartyl proteinases, is 

another important virulence factor [55]. These exoenzymes have an active role in the 

infection process because they have the potential to cause the rupture of the epithelial cell 

membrane and permit the penetration of the fungi cell into the cytoplasm [55,60-62]. Another 

important virulence factor that can be related to the onset, development, or recurrence of oral 

candidiasis is antifungal resistance. Clinically, antifungal resistance can be defined as 

persistence or progression of an infection despite appropriate antimicrobial therapy [63,64]. 

In terms of laboratory setting, antifungal resistance is defined as the highest concentration of 

drug required to inhibit the pathogen growth, which is measured by standard protocols known 

as minimal inhibitory concentration (MIC) [56,63,65]. According to the literature, antifungal 

resistance is commonly related to the uncontrolled prescription of medications, especially 

azoles. Another aspect related to antifungal resistance and infection recurrence is the ability 

of Candida spp. to form biofilms on surfaces [64,66,67]. A biofilm has been defined as a 

community of microorganisms organized at interfaces, enclosed in a self-produced polymeric 

matrix and adhered to an inert or living tissue [23]. The presence of an exopolymeric matrix 

couple with the organization of layers of cells may confer protection to organisms in the inner 

layers contributing to antifungal resistance [66]. 

Together, all these virulence factors determine the pathogenicity of the Candida yeasts 

and their ability to cause infections. C. albicans is considered the most virulent and pervasive 

of all the Candida spp. [55], which is the reason for its pre-eminent position in the hierarchy 

of prevalence [6,8,9,11,13,52,68]. It has been shown that this Candida species was isolated 

from more than 90% of patients with oral candidiasis [8]. C. albicans expresses several 

virulence factors that contribute to its pathogenesis and very high prevalence. These factors 

include host recognition biomolecules (adhesins), morphogenesis (the reversible transition 

between unicellular yeast cells and filamentous, growth forms), and aspartyl proteinases and 

phospholipases production [55,69]. Phenotypic switching is accompanied by changes in 

antigen expression, colony morphology, and tissue affinities in C. albicans, which might 

provide cells with a flexibility that results in the adaptation of the organism to the hostile 

conditions imposed by the host and treatment modality [55]. In addition, C. albicans has the 



C. E. Vergani, P. V. Sanitá, E. G. O. Mima et al. 90 

ability to adhere to mucosal and denture surfaces [6-9,11,25,26,68], which is considered as 

the first step in the pathogenesis of oral candidiasis. 

Although C. albicans is the major pathogen, infections with species other than C. 

albicans, notably C. glabrata and C. tropicalis, have been increasingly described, both in 

compromised and non-compromised hosts [6,8,9,11,26,68]. Moreover, studies of 

epidemiologic surveillance have showed that the proportion of non-albicans species is 

increasing among the HIV-infected patients [70] and diabetics [8,9]. In fact, recent studies 

showed that both, C. glabrata and C. tropicalis, were frequently isolated from diabetics and 

non-diabetics with oral candidiasis [6,8,9,11,68]. In addition, both C. tropicalis [8] and C. 

glabrata [68] were associated with more severe oral infections and has demonstrated to 

display higher potential for dissemination and mortality rates than C. albicans and other 

species [71-73]. The reason for this epidemiological change is not clear, although the reduced 

susceptibility of this species to commonly used antifungal agents, such as fluconazole, may 

have led to their selection [71]. Some virulence factors associated with these non-albicans 

Candida species could also be responsible for this shift. Different non-albicans Candida 

species strains have demonstrated a high cell-surface hydrophobicity, which is involved in the 

adherence of microorganisms to different surfaces and considered an important pathogenic 

attribute of yeasts [74,75]. It has been demonstrated that C. tropicalis and C. glabrata 

obtained from the oral cavity of denture wearers with denture stomatitis were more adherent 

to buccal ephitelial cells than those obtained from patients without signs of disease [76]. 

Other important virulence factor of these species is its capability to produce degradative 

enzymes, such as phospholipase [77] and proteinase [77,78], which are directly correlated to 

the invasion and destruction of host tissue [55,60-62]. The ability of these non-albicans 

Candida species to form biofilm on different surfaces [6-9,11,23,26,67,79,80] is another 

potential virulence trait which is related to both, the onset of infection and the increased 

resistance to antifungal treatment [67,81,82]. It has also been demonstrated that, in general, 

non-albicans Candida species are less susceptible to antifungals than C. albicans [83,84]. In 

addition, clinical isolates of Candida from HIV positive [85,86] and diabetic patients [87,88] 

showed a higher resistance to antifungals than those from individuals without systemic 

complications. 

Understanding the mechanisms involved in the etiology of oral candidiasis is crucial to 

determine strategies for prevention, control, and treatment of this type of fungal infection. 

Despite the fact that oral candidiasis is a superficial infection, if left untreated, it may has the 

potential to contribute to the dissemination of infection through the bloodstream or upper 

gastrointestinal tract. Candida spp. within biofilms on the dentures can be released into the 

oral fluids and aspirated into the lower respiratory tract, thus causing systemic infections such 

as fungemias, severe infections with significant morbidity and mortality rates [72,73]. In fact, 

nowadays, disseminated candidiasis is highly associated with mortality, especially in 

immunocompromised and hospitalized patients [71-73]. 
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CONVENTIONAL AND ALTERNATIVE TREATMENT OPTIONS  

FOR ORAL CANDIDIASIS 
 

Conventional Treatments for Oral Candidiasis 
 

Antifungal Agents 

The conventional treatment of candidal infection involves the treatment of the oral 

mucosa by means of the administration of topic or systemic antifungal agents. Topic agents 

are selected for superficial infections, while systemic drugs are usually administrated for 

invasive and recurrent infections. In general, topical application of antifungal solutions is 

indicated before systemic drugs are used. These antifungal agents are divided in three 

different classes: polyenes (nystatin and amphotericin B), azoles that include imidazoles 

(clotrimazole, miconazole, and ketoconazole) and triazoles (fluconazole and itraconazole), 

and echinocandins (caspofungin, micafungin, and anidulafungin). 

Polyenes were the first antifungal agents available for clinical use since 1950, and are 

still the first choice for treating oral candidiasis [89]. They bind strongly to ergosterol, the 

main sterol compound of fungal membrane [90], promoting membrane channel [91-93] and 

leakage of cellular ions [93]. These changes would not only reduce the ability of candidal 

adhesion to buccal epithelial cells [92] and denture acrylic surfaces [91], but also supress 

active budding and multiplication [91,92]. Further, polyenes can perturb germ tube formation 

[94], modulate the cell surface hydrophobicity [95], and supress the proteolitic activity of 

Candida [96]. It is important to highlight that the polyenes has been widely used for the 

treatment of oral and disseminated candidiasis [20,90,97] and, despite this, Candida 

resistance is rare. Nonetheless, polyenes showed high renal toxicity, especially amphotericin 

B, that was the only drug available for managing serious fungal infection for years [90,98]. 

The similarity between ergosterol and cholesterol in the human cell membrane has been 

attributed to the nephrotoxicity of polyenes [56,99]. The lack of a topical preparation for 

dental use and the limited tolerance of the oral-rinse product [97] may also limit its clinical 

application. In an attempt to overcome these shortcomings, new formulations of these drugs 

have been developed, such as those based on lipid-complexes polyenes [56,99]. There are 

several studies that evaluated the effectiveness of polyenes to treat oral candidiasis and the 

most commonly used is nystatin [9,11,25,97,100,101]. Some of these investigations found 

that treatment with nystatin in a daily basis reduced the numbers of Candida on cultures from 

the palates and dentures of patients with oral candidiasis and the clinical signs of the disease 

[9,11,100]. 

The azoles are the largest class and the most popular antifungal agents. With the 

development of triazoles in 1980s it became possible to treat persistent infections to polyenes 

[98]. Concerning the treatment of oral candidiasis, studies that used systemic azoles indicated 

fluconazole as the first choice drug [102,103]. It was verified that a systemic approach with 

fluconazole (50 mg once a day for 14 days) in conjunction with topical treatments (hexetidine 

mouthrinses [102] or denture hygiene with chlorhexidine solution [103]) improved the palatal 

inflammation and decreases candidal colonization from saliva, dentures, and palates. There 

are also reports of the use of topical azoles, such as clotrimazole and miconazole, in the 

treatment of this local infection [7,104-106]. The azoles inhibit the biosynthesis of ergosterol 

and change the fungal membrane permeability [56,99]. The azoles also have the ability to 
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decrease candidal adhesion to buccal epithelial cells [76,95] and denture acrylic surfaces [91], 

and the production of phospholipase, an enzyme that plays an important role in the tissue 

invasion process and, consequently, in the pathogenicity of Candida spp. [55] Unlike other 

azoles drugs, fluconazole has distinctive features, since it is very well absorbed in 

gastrointestinal tract, reach many sites in the body, and is excreted by kidneys, which avoid 

the possibility of hepatotoxic effect [89]. However, the efficacy and safety of azoles, 

especially fluconazole, have expanded their clinical use for both the treatment of fungal 

infections, mainly in HIV-infected subjects, and as prophylactic agent for high-risk patients. 

This widespread use and the fungistatic effect of azoles have favored the development of 

resistance in Candida spp. [56,90,99]. Differences in the in vitro susceptibility to azoles have 

been reported in the literature, ranging from 70% to 100% of oral isolates, depending on the 

groups of patients studied [70,77,78,84,87,88,107-109]. In fact, the higher levels of resistance 

were verified in Candida isolates from immunocompromised patients, such as those HIV 

positive [70] or with advanced cancer [107]. 

Echinocandins are the newest class of antifungal agents and the first drugs that act 

specifically on fungal cells, since they inhibit the biosynthesis of (1,3)β-D-glucan 

polysaccharides [110], a component present in fungal cell wall, but not in mammalian cells 

[56,98,99]. Thus, due to this high specificity, a high safety has been reported. It is also 

important to mention that these drugs, despite expensive, are well tolerated by the patients 

and have few drug-drug interactions [111]. Echinocandins also showed ability to reduce the 

adhesion of Candida spp. to human cells by about 40-90%, depending on time of exposure 

and drug concentration [112]. Considering the importance of Candida adhesion to buccal 

cells during the infectious process, this is another relevant mechanism of action of these 

medications. Anidulafungin has been recommended for severe ill patients with invasive 

candidiasis, such as candidemia, due to its higher efficacy compared with fluconazole [113]. 

Nonetheless, due to their short time in clinical use, no longitudinal study is available and 

resistance of Candida spp. to echinocandins has been reported [56,63]. Caspofungin has 

demonstrated effectiveness for the treatment of esophageal and invasive candidiasis 

[111,114], including those in HIV positive patients [115,116]. There are also some reports 

concerning its efficacy against fluconazole resistant Candida [117] and to several other 

species, including C. albicans, C. tropicalis, C. glabrata, and C. krusei [77]. Nonetheless, 

echinocandins are only available as intravenous formulations [44] and thus they are not the 

first choice for oral candidiasis. 

Although the variety and the effectiveness of topical and systemic antifungals in 

alleviating the symptoms and signs of oral candidiasis, there are several disadvantages 

associated with the use of these agents. The major disadvantage is the development of fungal 

resistance. Microorganisms may exhibit primary (intrinsic) resistance or secondary 

(developed) resistance. Microorganisms show primary resistance when they are resistant to a 

drug before being exposed to the drug, which is observed in C. glabrata and C. krusei in 

relation to fluconazole [56,64,118]. Secondary resistance is developed in response to 

exposure to an antimicrobial agent over long periods [64], as observed for C. albicans 

[56,64,118]. While resistance to polyenes is rare, several mechanisms of resistance to azoles 

have been proposed, such as alterations of drug target, overexpression of drug transporters 

(efflux pumps), cellular stress response pathways, and also mechanisms associated with 

biofilms [56,63,64]. Additionally, other mechanisms of secondary resistance have been 

described in the literature. Goldman et al. [119] identified four mutations previously 
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described and fourteen novel mutations in fluconazole-resistant isolates of C. albicans 

obtained from AIDS patients. Replacement of C. albicans by C. dubliniensis has been 

documented in a considerable number (27%) of patients treated with fluconazole who failed 

to develop fluconazole-resistent C. albicans [120]. Hunter et al. [86] found that exposure to 

fluconazole provides a positive selection pressure for non-albicans yeasts, described as a 

replacement of fluconazole-susceptible C. albicans strains with other species that are 

intrinsically less fluconazole sensitive – for example C. glabrata and C. krusei. 

Besides antifungal resistance, there are other problems related to the use of these 

medications. The recurrence of infection shortly after treatment has been frequently observed 

[7,9,11,25,100,101,103] and is attributed to re-emergence of the original infecting strain 

[121,122]. The topical agents may reach transient response due to the action of the 

surrounding musculature or due to the presence of local secretions, such as saliva, which may 

reduce the concentrations of the drug to subtherapeutic levels [89]. In addition, topical agents 

frequently require multiples doses and their taste may cause nausea, which can lower the 

patient’s compliance [101]. The systemic agents may be toxicity to liver and kidney [98,123]. 

Thus, these medications must be administered with caution. Moreover, while antifungal drugs 

are aimed at treating the oral mucosa, they do not erradicate the Candida that colonizes the 

denture [7,9,11,25]. Considering all the above and the fact that removable prostheses may be 

the principal Candida source of oral candidal infection, there are conventional treatments of 

this fungal infection based on the concept of denture disinfection. 

 

Denture Hygiene 

For a long time, the maintenance of health includes a proper denture hygiene by means of 

brushing it with a soft toothbrush and soap [123-125] or a disinfectant solution [127-129]. 

Soaking the dentures in chemical agents have also shown to be a effective procedure in 

decreasing the number of contaminating organisms [129-133] and to treat oral candidiasis 

[25,26,103,134]. 

The literature shows that mechanical plaque removal by means of a toothbrush is 

considered the most common method of controlling plaque development [135] and 

maintaining denture hygiene [128,129,136]. It has been suggested that the mechanical action 

provided by the direct contact between the bristle tips and the accumulated biofilm and the 

hydrodynamic shear forces of the fluid flow during brushing [137] are the main factors in the 

biofilm-removing process. Under these conditions, biofilm may be mechanically disrupted 

from the acrylic resin surface. Corroborating this observation, an in vitro study showed at 

least 96% reduction on the viability of a 48h C. albicans biofilm on acrylic disks after 

brushing it with a toothbrush and water or dentifrice [129]. Besides the mechanical action of 

the toothbrush, this could also be attributed to the additional antimicrobial effect of the 

dentifrice, which commonly contains sodium monofluorophosphate (1450 ppm) and sodium 

lauryl sulphate. Fluorides have demonstrated some antimicrobial effects, such as metabolic 

interference and reduction of biofilm acidogenicity [138-140]. Dentifrices detergents like 

sodium lauryl sulphate have a variety of functions, including the removal of organic material 

on the tooth surface, antimicrobial effects, and a moderate biofilm inhibitory action [141-

143]. However, in the study of Paraskevas et al. [128], brushing with water or dentifrice 

showed a lower reduction (50%) on the viability of a more complex in vivo mature biofilm 

[23]. Thus, it can be suggested that, when a more complex biofilm is present, which is very 

common in the dentures of oral candidiasis patients [6,8,9,11], the use of an antimicrobial 
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cleansing agent in association to the brushing method must be necessary. In fact, evidences 

from clinical studies that evaluated the efficacy of denture hygiene alone in the treatment of 

oral candidiasis indicated that scrubbing the dentures with coconut soap for 15 [124] or 30 [7] 

days had no significant effect on the inflammation severity of the palatal mucosa of the 

patients. In addition, this treatment did not reduce the proportion of mycelial forms and 

density of Candida from the palates and dentures of these patients [7]. Thus, denture hygiene, 

by itself, may not be enough to treat oral candidiasis. 

There is also another problem related to the use of brushing with dentifrice for denture 

hygiene. The literature contains substantial data about the adverse effects of this method on 

acrylic resins and artificial teeth [144-147]. The friction between the inorganic phosphate and 

sulphate contents and the denture surface during brushing may result in severe damage on 

acrylic materials, such as wear (weight loss) of denture base resins and artificial teeth, with 

increase in roughness [144-148]. Surface roughness is known to be a factor in the entrapment 

of microorganisms on surfaces and their protection from shear forces, which can result in a 

higher propensity for Candida colonization and biofilm accumulation [149-150]. Thus, the 

use of less or non-abrasive cleansing agents are recommended to overcome this disadvantage 

of the dentifrices and to improve the effectiveness against Candida spp. In this context, 

several chemical agents have been proposed. Among them, sodium hypochlorite and 

chlorhexidine gluconate are the most widely used [129-131,151-153]. For denture 

disinfection, they can be used either for denture soaking or in association to a brushing 

method. 

Sodium hypochlorite solution has been intensely used in dentistry as a denture cleanser 

[129-132,151-154]. There are also clinical investigations that evaluated its efficacy in the 

treatment of oral candidiasis [26,124]. The antimicrobial mechanism of action of sodium 

hypochlorite has been related to its physicochemical characteristics and its reaction with 

organic tissues and microorganisms. Sodium hypochlorite is a strong base (pH>11) and its 

high pH alters the integrity of the cytoplasmic membrane by means of either chemical injuries 

to organic components and transport of nutrient, or degradation of phospholipids or 

unsaturated fatty acids of the cytoplasmic membrane. This causes an irreversible enzymatic 

inhibition and biosynthetic alterations in cellular metabolism, resulting in cell death [154]. 

Besides being bactericidal and fungicidal, [129,130,151-154] it dissolves mucin and other 

organic substances [156]. Due to this broad mode of action, sodium hypochlorite has been 

considered useful as denture cleanser solution because it inactivates bacterial plaque and other 

microorganisms, including the methicillin-resistant Staphylococcus aureus (MRSA) [129-

131], removes stains, and inhibits calculus formation on dentures [152,156]. There are several 

clinical protocols recommended in the literature concerning the use of sodium hypochlorite 

for denture disinfection. Pavarina et al. [131] and Pelizzaro et al. [129] established a protocol 

of disinfection in which 10 minutes of immersion at 1% concentration solution was effective 

in removing in vivo biofilm from complete dentures [131] and C. albicans mature biofilm 

from acrylic resin disks [129]. Other studies found that 4 minutes of immersion at 0.5% 

concentration solution achieved complete disinfection of acrylic disks inoculated with C. 

albicans and other bacteria [151,152]. The studies in which this chemical agent is proposed 

for the treatment of oral candidiasis used different regimens. In the study of Weeb et al. [26], 

patients had their complete dentures immersed in 0.02% sodium hypochlorite during night for 

1 week. By contrast, Barnabé et al. [124] used a protocol in which the patients’ dentures were 

soaked in 0.05% sodium hypochlorite for 10 minutes for 15 days. In the latter study, this 
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disinfection procedure was made in association with brushing the dentures with coconut soap 

[124]. It is important to mention that both clinical studies demonstrated that the use of sodium 

hypochlorite was effective to reduce the clinical signs of oral candidiasis in the patients’ 

palatal mucosa [26,124]. Brushing with a 1% solution also proved to be very effective against 

C. albicans mature biofilms, since a complete reduction (100%) on its viability was observed 

with this method [129]. 

Despite the antimicrobial effect of sodium hypochlorite, some problems have been 

related to the use of this chemical solution. It has been frequently related to corrosion of the 

metal parts of dentures [156,157], bleaching of denture acrylic resin [156,157], and some 

other detrimental effects on acrylic materials. A decrease in hardness and increase in 

roughness were observed after immersion of acrylic materials in 2% sodium hypochlorite for 

5 minutes [158-159]. A lower concentration of 1% sodium hypochlorite solutions for a longer 

period of time (8 hours) also influenced the color stability and flexural strength of acrylic 

resin [160]. By contrast, no significant changes in hardness and roughness of acrylic resins 

were observed when the 1% concentration was used for 10 minutes [161]. Furthermore, 

unpleasant taste and odor of sodium hypochlorite are frequent complains reported by some 

patients. It is possible that certain components of the disinfectant solutions may penetrate the 

acrylic resin material and not be completely eliminated by rinsing [131]. Consequently, these 

components may be unintentionally introduced to the oral cavity, resulting in those 

complaints. 

Chlorhexidine gluconate is another agent commonly recommended for denture 

disinfection. This chemical agent posses a broad spectrum of antimicrobial activity, being 

able to eliminate species of Candida and a wide range of bacteria from the genus 

Streptococcus, Pseudomonas, Bacillus, Acinetobacter, Escherichia, and Staphylococcus, 

including MRSA [130,152,153,162]. In fact, investigators found that immersion of complete 

dentures in 4% chlorhexidine gluconate for 10 minutes [131], 0.12% for 20 minutes [163], 

and 2% for 5 minutes [163] was satisfactory in controlling oral and C. albicans biofilms. In 

an in vitro study conducted by Mima et al. [164], chlorhexidine solutions at 2%, 1%, and 

0.2% were effective in disinfecting complete dentures inoculated with fluconazole-resistant 

C. albicans after 10 minutes of immersion. The concentration of 2% was the most effective, 

since it resulted in the highest number of dentures without fungal growth after 7 days [164]. 

Evidences from clinical studies also demonstrated the effectiveness of chlorhexidine 

gluconate to treat patients with oral candidiasis [25,103,134,165]. Uludamar et al. [134] 

instructed their oral candidiasis patients to mouthrinse with 0.2% chlorhexidine gluconate 

twice daily for 1 minute and soak their dentures overnight in the solution for 15 days. The 

authors observed that this protocol was effective for the management of the infection. In other 

studies, rinsing 0.2% chlorhexidine gluconate 4 times a day [165] or soaking denture 

overnight in the solution [25] were effective as a co-adjunct to nystatin to treat patients with 

oral candidiasis. This solution was also effective to improve the palatal inflammation and 

decrease the candidal colonization from dentures of oral candidiasis patients when used at 2% 

concentration in the inner surface of the dentures twice a day in association with fluconazole 

for 2 weeks [103]. As a co-adjunct treatment for oral candidiasis, brushing the patients’ 

dentures with a 2% chlorhexidine gluconate should also be an effective alternative, since it 

demonstrated to completely inactivate mature C. albicans biofilms [129]. The effect of this 

solution can be attributed mainly to its chemical mechanism of action against the fungal cell. 

MacNeill et al. [166] observed that, after the contact with chlorhexidine gluconate, Candida 
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cells exhibited a severe cytoplasmic degeneration (fragmentation and clumping of the 

contents, vacuolization, lipid accumulation, and condensation) and fragmentation and 

desquamation of the cell wall, resulting in cell death. 

As for sodium hypochlorite, there are some problems related to the use of chlorhexidine 

gluconate solution. The protocol of disinfection that used 10 minutes of immersion at 4% 

concentration solution [131] has shown to negatively affect the hardness and roughness of 

acrylic resins [158-159]. Considering that the deleterious effects on acrylic resins are affected 

by concentration and exposure time, the protocols that showed the antimicrobial efficacy with 

lower concentrations and periods should be used [25,103,129,130,134,163,165]. The use of 

chlorhexidine gluconate has been also limited by some side effects that could affect the 

patients’ compliance. Discolorations of the tongue [167] and natural teeth [168] have been 

reported after prolonged use (1 to 6 months). Moreover, its bitter taste can reduce the 

patients’ compliance [168]. Such disadvantages are clearly a concern, since a disinfection 

method should be effective without having any detrimental effect on denture materials or 

discomfort and side-effects to the patients. 

Given all of the above, it can be stated that, when selecting a disinfection procedure, 

besides the antimicrobial effect, its effect on the denture must be carefully considered. In 

addition, the fact that fungal resistance is emerging alarmingly and surpassing the 

development of new specific-drugs [56,169], the search for new therapeutic modalities for 

control and management of candidal infections is an important challenge. 

 

 

Alternative Treatment Options for Oral Candidiasis 
 

Efforts have been devoted to investigate alternative therapies for oral candidiasis. 

Considering the fact that removable prostheses are potential sources of oral infection [6-

9,11,25,26,68], physical methods of denture disinfection, such as microwave irradiation 

[1,7,9,11,25,26,130,170-172] and photodynamic therapy [6,173,174], have proven to be very 

effective alternatives. More recently, adjunctive modalities, such as immunotherapy [98,175], 

natural bioactive molecules [176], and vaccines [98,169,177] have also been reported. 

 

Microwave Irradiation for Denture Disinfection and Oral Candidiasis Treatment 

Microwave irradiation is as an effective, simple, fast, safe, and inexpensive method for 

prosthesis disinfection, since requires only a domestic microwave oven and water. In 

addition, it was also demonstrated that microwave energy can be a more effective method of 

inactivating microorganisms on dentures than soaking it in sodium hypochlorite [19]. 

However, as for the chemical disinfectants, when a denture is microwaved, an important 

concern to be taken into account is the mechanical properties of denture base materials, such 

as dimensional stability of acrylic resin. Thus, in the course of time, several regimens have 

been advocated. 

In the context of denture microwave disinfection, the first studies were performed in 

order to demonstrate the effectiveness of microwave irradiation in inactivating 

microorganisms adhered to complete dentures [19,178,179]. Rohrer and Bulard [178], in 

1985, verified that 15, 10, and 8 minutes of microwave irradiation at 720W sterilized acrylic 

dentures contaminated with C. albicans suspension. Nevertheless, Thomas and Webb [179] 

observed that microwave energy for 10 minutes can produce unacceptable dimensional 
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changes in complete dentures. Silva et al. [172] then observed that complete dentures 

contaminated with individual suspensions of C. albicans showed sterilization after 6 minutes 

of microwave irradiation at 650W. Furthermore, this protocol of microwave irradiation has 

been evaluated as a method for eradicating C. albicans from the surfaces of hard and soft 

chairside reline resin [180-181]. Despite the effectiveness, it has been observed that this 

procedure decreased the flexural strength of a hard chairside reline resin [182] and the surface 

hardness of 5 brands of acrylic resin denture teeth [183]. The results from another study 

showed that the linear dimensional changes of a denture base material significantly increased 

after microwave disinfection for 6 minutes, with values ranging from 0.98% to 1.43% [184]. 

Shrinkage of such a degree could probably cause pressure on the supporting tissues and thus 

discomfort to the patient [185]. 

It is likely that the deleterious effects on acrylic resins at medium setting are slighter as 

the exposure time decreases. Therefore, reduced times of microwave irradiation for denture 

disinfection have been investigated. Sterilization of wet acrylic resin specimens inoculated 

with individual suspensions of four microorganisms, including C. albicans and other bacteria, 

was achieved after 3 minutes at 650W of microwave irradiation [180]. Similarly, three 

minutes of irradiation at 650W was also effective in the disinfection of dentures contaminated 

by different species of Candida, including the intrinsically resistant C. glabrata and C. krusei, 

and other bacteria [170-172]. An in vivo study also showed that this microwave protocol 

inactivated the denture biofilm of 30 individuals [1]. Considering the positive results, several 

investigations evaluated the effect of this protocol of microwave disinfection on the 

mechanical properties of acrylic resins. Ribeiro et al. [186] demonstrated that the flexural 

strength and hardness of different acrylic resin specimens were not detrimentally affected by 

irradiation with microwaves for 3 minutes in a wet condition. It had also no effect on the 

hardness of acrylic resin denture teeth [183] and on the dimensional stability [187] and 

porosity [188] of the denture base materials. Therefore, from these studies, an effective, 

drugless, and safe protocol for the treatment and prevention of oral candidiasis was 

established. 

Banting and Hill [25] conducted the first study that evaluated the effectiveness of 

microwave energy for denture disinfection as a co-adjuvant to topical nystatin in the 

treatment of oral candidiasis. They observed that disinfection of dentures for one minute 

irradiation at 850W, three times, for 14 days, reduced the clinical signs of infection when 

compared to disinfection with chlorhexidine. These findings are in agreement with those 

found by Webb et al. a few years later [26], who observed no differences between microwave 

irradiation (10 minutes at 350W) and 0.02% sodium hypochlorite for denture disinfection in a 

daily basis during 1 week. The authors stated that these procedures reduced Candida spp. 

counts on dentures and palates and also improved palatal inflammation. A more recent study 

conducted by Neppelenbroek et al. [7] also evaluated the effectiveness of dentures microwave 

disinfection in the treatment of patients with oral candidiasis. The authors immersed the 

dentures in water during microwave irradiation for 6 minutes at 650W in order to improve the 

disinfection. In agreement to Banting and Hill [25] and Webb et al. [26], they observed that 

denture microwave disinfection was effective for the treatment of oral candidiasis [7]. These 

authors found that this disinfection procedure resulted in a significant reduction of Candida 

spp. density from the dentures and palates of the patients when compared to the treatment 

with topical miconazole and improved the signs of palatal inflammation. Another interesting 

finding observed is that the risks of re-infestation of the denture tissue surface by the invasive 
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form of Candida (mycelial) and re-infection of the adjacent soft tissue were dramatically 

reduced for patients whose dentures were microwaved [7,25]. These studies then provided the 

baseline for controlling of microorganisms and candidal infection.  

Considering the positive in vitro results of the 3 minutes at 650W protocol for denture 

disinfection and that it did not affect the mechanical properties of the denture materials, two 

recent investigations also tested this regime to treat oral candidiasis patients. In addition, 

since there is a relevant etiological relationship between systemic status and fungal infection, 

this treatment was evaluated in healthy individuals [11] and in those with well-controlled type 

2 Diabetes Mellitus [9]. The investigations compared the effect of denture microwave 

disinfection, one [11] or three times a week [9,11], for 14 days, to the effect of topical 

application of nystatin. When dentures were microwaved 3 times a week, a significant 

reduction in Candida spp. from the dentures and palates and an improvement of the palatal 

inflammation were verified for diabetics and non-diabetics [9,11]. Also, there were no 

significant differences in the number of cured patients at the end of the treatments with 

microwave energy and nystatin [9,11]. Moreover, denture disinfection in a reduced frequency 

(once a week) also showed similar results when compared to the 3 times a week frequency 

and to treatment with topical nystatin [11]. Hence, both investigations concluded that 

microwaving dentures was as effective as nystatin for treating denture stomatitis of diabetic 

and non-diabetic individuals. 

Unlike drugs, microwave irradiation is a physical method for prosthesis disinfection and 

its lethal action is well established in the literature [1,6-9,11,170-172,180,181]. Its mechanism 

of destruction is not completely understood, however, the lethal effects of such radiation have 

been attributed to a combination of effects. Some investigators stated that the extremely 

elevated internal temperatures produced by the vibration of water molecules of the microbial 

cells, when they are exposed to microwaves, is responsible for the changes in cell 

morphology and cell disintegration [189]. In addition, depending on the composition and 

volume of their surrounding medium, the cells may be selectively heated by microwave 

irradiation [190]. Others believe that non-thermal mechanisms are also involved [190,191] 

and that microwaves may cause a mechanical disruption of the cell wall, due to the 

oscillations of the cells in electromagnetic field [191]. A recent study also verified that 

microwave irradiation of Candida suspensions produced changes in structural integrity and 

permeability of cell membrane and cell metabolism, resulting in cell death [192]. Although 

studies demonstrated similar results among denture microwave disinfection and topical 

antifungals in the treatment of oral candidiasis, microwave disinfection may provide further 

advantages. Antifungals act directly on the oral mucosa, which is often less colonized than the 

dentures [8,9,11]. There is also the problem related to patient compliance [101]. Further, 

investigations have demonstrated that microwave irradiation produces a broad, non-selective 

activity against several microorganisms, including several Candida spp. [1,170,171], 

Staphylococcus aureus [1,170], including MRSA [130], Pseudomonas aeruginosa [1,170], 

Bacillus subtilis [170], and Escherichia coli [190]. In spite of infection by Candida being 

considered the main etiologic factor of oral candidiasis, the presence of other microorganisms 

may also be secondarily involved in the pathogenesis of this infection [103,193-195]. In oral 

candidiasis, the bacteria possibly favor the adhesion of blastopores (commensal form of 

Candida) to the tissue surfaces of dentures by co-aggregation [195]. With fungal adhesion, 

there is an increase in microflora virulence by synergetic interaction, and the blastopores alter 

their morphology to mycelial, which results in damage to the epithelial cells and, 
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consequently, invasion of the buccal tissues [195]. This suggests that the treatment of oral 

candidiasis by means of microwave irradiation should simultaneously eliminate the mycelia 

Candida and inhibit bacterial growth in the tissue surfaces of dentures [26]. Finally, one of 

the most important advantages of microwave irradiation is, given that it is a physical method 

of disinfection, the emergence of resistant microorganisms would be avoided. 

 

Photodynamic Therapy for Denture Disinfection and Oral Candidiasis Treatment 

Another promising modality for microbial infections is Photodynamic Therapy (also 

known as PDT). PDT employs a chemical agent that absorbs light (photosensitizer or PS) and 

light of appropriate wavelength (the same of the PS absorption) in the presence of oxygen. 

Microbial cells are first treated by a determined concentration of the PS for a specific period 

of time (pre-irradiation time), in a process called photosensitization, in order to the PS be 

bound or taken up by the cell. Following, cells are illuminated by a determined light fluence. 

The interaction between the PS and light generates reactive oxygen species, such as singlet 

oxygen and other free radicals, which are toxic to the cells [196,197]. Due to this mechanism 

of action, development of resistance to PDT seems to be improbable. PDT was first described 

more than 100 years ago when Oscar Raab observed inactivation of Paramecium caudatum 

by acridine and sunlight [198], and nowadays it has been successfully employed for treating 

cancer. Nevertheless, antimicrobial PDT was forgotten during the last century due to the 

discovery of penicillin by Alexander Fleming in 1928 and the following Golden Age of 

antibiotics [199]. It was only with the advent of AIDS and opportunistic infections and also 

with the development of resistant strains that alternative antimicrobial modalities, including 

PDT, began to be extensively investigated. Nowadays antimicrobial PDT is still more an 

academic issue than a clinical method, and the first topical application of PDT that was 

approved by US FDA was the 5-aminolevulinic acid (ALA), a precursor of protoporphyrin 

IX, for the treatment of actinic keratoses in 1999 [199]. In recent decades, several PS were 

investigated against bacteria, both Gram-positive and Gram-negative, fungi, and viruses. 

It has been demonstrated that fungi are more difficult to photoinactivate than bacteria due 

to nuclear membrane that acts as an additional barrier for photosensitization, the greater cell 

size, and the reduced number of targets for reactive oxygen species in yeasts [200-202]. 

Phenothiazinium dyes (toluidine blue O, methylene blue) are often used as PS associated with 

laser or light-emitting diodes (LED) for antimicrobial PDT against Candida spp. [203-206]. 

Munin et al. [207] observed that methylene blue-mediated PDT inhibited the germ-tube 

formation of C. albicans and Jackson et al. [66] verified that hyphaes are more susceptible to 

PDT than yeasts, since the filamentous form of C. albicans required lower concentrations of 

methylene blue than yeasts for photoinactivation. Nonetheless, dyes have the undesirable 

effect of staining teeth, lips, tongue, buccal mucosa, and prosthetic devices; thus a nondye PS 

would be more suitable for the oral cavity. Porphyrins are the first generation PS widely used 

in anticancer PDT. In vitro studies have demonstrated their efficacy in photoinactivating 

Candida spp. [208-210] and fluorescent microscopy analyses showed that the cytoplasm 

membrane is the target of PDT [210]. Using Photogem and LED light, Dovigo et al. [211] 

demonstrated that planktonic cultures of C. albicans, C. tropicalis, and C. dubliniensis were 

completely killed by PDT, while for C. krusei only a significant reduction was achieved. 

Another investigation verified that fluconazole-resistant C. albicans and C. glabrata strains 

were less susceptible to Photogem-mediated PDT than reference strains and that biofilms of 

these strains were more resistant than their planktonic counterparts [212]. The association of 
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Photogem with LED light also resulted in disinfection of dentures inoculated with different 

species of Candida in vitro [173]. 

Although several in vitro investigations have demonstrated the candicidal effect of PDT, 

only few in vivo studies are available. Using methylene blue and laser light, complete 

photoinactivation of azole-resistant C. albicans in an immunodeficient murine model of oral 

candidiasis has been reported [213]. In addition, fewer epithelial alterations and lower 

inflammatory response in rats with buccal candidiasis submitted to PDT [214] has been 

found. When using Photogem and LED light, PDT promoted significant reduction of C. 

albicans in a murine model of oral candidiasis without harming the tongue tissue [215] and 

with no toxic effect to rat palatal mucosa [216]. PDT mediated by erytrosine and LED light 

also resulted in significant reduction of C. albicans in immunossupressed mice and reduced 

the adherence of C. albicans to buccal epithelial cells [217]. 

Despite all these studies with animal models, only recent few clinical investigations are 

available. Ribeiro et al verified effective clinical disinfection of dentures by PDT when 

Photogem in suspension or in gel formulation was associated with LED light [218]. Another 

study reported successful treatment of five patients with denture stomatitis after six sessions 

of PDT [174]. In a randomized clinical trial [6], the effectiveness of PDT was compared with 

a more conventional antifungal therapy (topical nystatin) for treating denture stomatitis. In the 

PDT group, dentures and palates were subjected to six sessions of PDT, three times per week, 

using Photogem as PS and LED light. Both treatments reduced Candida spp. from dentures 

and palates, with PDT showing 45% of clinical success in improving palatal inflammation 

when compared with 53% of clinical success using nystatin. In terms of recurrence, palatal 

inflammation was observed in 75% and 78% of the patients in the nystatin and PDT groups, 

respectively, during the follow up [6]. Scwingel et al. [219] reported that one session of PDT 

mediated by methylene blue and laser light eradicated colonies of Candida spp. from HIV-

infected patients, decreased the clinical signs of candidiasis, and no recurrence was observed 

until 30 days after treatment, while fluconazole for 15 days improved the signs and symptons 

of infection but did not prevent recurrence, and no efficacy was achieved with one session of 

laser therapy. 

Another PS that has recently shown promising outcomes is Curcumin, which is a natural 

compound isolated from rhizomes of the Curcuma longa plant and used worldwide as a 

cooking spice, flavoring agent, and colorant. It has been demonstrated that Curcumin exhibits 

potential therapeutic applications such as anti-inflammatory, antioxidant, antimicrobial, 

antifungal [220], and anticancer properties [221]. Curcumin was effective when used as PS 

for photoinactivation of Candida spp. biofilms [222-224] and also against C. albicans in a 

murine model of oral candidiasis in association with LED light [225]. Other PS that has 

exhibit candicidal effects are phtalocyanines [226-228] and nanoparticles [229-230]. 

Although several PS has been successfully employed for photoinactivation of Candida, 

further clinical trials are still required to corroborate outcomes obtained in vitro and from 

animal studies. 

 

Adjunctive Modalities for Oral Candidiasis Treatment 

Another possibility for treating candidal infection is immunotherapy. In high-risk 

patients, antifungal drugs are often ineffective due to impairment of immune system. The 

improved understanding of host defense mechanisms against fungal pathogen has encouraged 

the development of immunotherapies. Hence, improving host protection by using antibodies 
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and cytokines has been studied as treatment modality for candidiasis [98,175]. Nonetheless, 

most investigations are restricted to animal models and the few clinical available studies have 

evaluated this modality as adjunctive therapy in association with antifungal drugs [98,175]. 

Vaccines are also under investigation against Candida using live attenuated strains and 

also cell wall antigens and promising outcomes have been mostly reported in preclinical 

studies using murine models [98,169,177]. However, unlike mice, humans are colonized by 

Candida spp., which live in human body as commensals, i.e. without being pathogens. 

Additionally, immune system from mice and humans are considerably different. Therefore, 

other animal models are required in order to develop effective vaccines for human infections 

caused by Candida. Furthermore, Phase I clinical trials are beginning to be tested and 

evaluation of vaccines in humans encounters some obstacles, such as high costs for 

developing antigens for clinical trials according to suitable standards of manufacturing and 

lack of commercial interest [169,177]. 
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