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Abstract: Candida colonisation of the oral cavity increases in immunocompromised individuals which
leads to the development of oral candidiasis. In addition, host factors such as xerostomia, smoking,
oral prostheses, dental caries, diabetes and cancer treatment accelerate the disease process. Candida
albicans is the primary causative agent of this infection, owing to its ability to form biofilm and hyphae
and to produce hydrolytic enzymes and candialysin. Although mucosal immunity is activated, from
the time hyphae-associated toxin is formed by the colonising C. albicans cells, an increased number and
virulence of this pathogenic organism collectively leads to infection. Prevention of the development
of infection can be achieved by addressing the host physiological factors and habits. For maintenance
of oral health, conventional oral hygiene products containing antimicrobial compounds, essential
oils and phytochemicals can be considered, these products can maintain the low number of Candida
in the oral cavity and reduce their virulence. Vulnerable patients should be educated in order to
increase compliance.
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1. Introduction

The human oral cavity is a unique site, which becomes colonised with bacteria, fungi,
mycoplasma, viruses and even protozoa. The acquisition of these microflora occurs through-
out life starting within 6 h of birth [1]. However, the distinct character of the oral cavity
dictates the type of microflora able to persist. The specialised surfaces such as papillated
tongue, and keratinised and non-keratinised squamous epithelium affect the intraoral
colonisation and distribution of microorganisms. Although the physiological factors such
as pH, temperature, nutrient, redox potential and gingival crevicular fluid contribute to the
establishment of this resident microbiota, saliva is the major contributor. For the most part
the host–oral microbiota relationship is harmonious; however, it can alter and disease can
occur. The disruption of this stability can occur due to intake of antibiotics, frequent intake
of fermentable carbohydrates, trauma or oral surgery, and changes in the hosts defences [1].

While bacteria form a major part of the oral microbiota, fungi, which form a small
part of the oral microbiota cannot be ignored. Among these fungi, Candida species are the
most frequent colonisers in the oral cavity and have adapted to reside as a commensal.
Distribution of Candida is even throughout the mouth, with the most common site of
isolation being the dorsum of the tongue. Bacterial colonisation of the oral cavity and the
equilibrium are due to the benign behaviour of many components of human microbiota. On
the other hand, Candida commensalism is a result of the host’s potent innate and adaptive
immune responses that restrict the growth of pathogens on the epithelia [1].

The rate of colonisation increases with immunocompromised status, illnesses such as
cancers and intra-oral devices including dentures and orthodontic appliances. The oral
cavity can be the source of yeast colonisation of the gut and, through saliva, colonizing
yeast can be transmitted to other parts of the body. The carriage rate increases during
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middle and later life. It has been reported that 45% of neonates [2], 45–65% of healthy
children [3], 30–45% of healthy adults [4,5] and up to 74% of older people [5–7] carry Candida
in their oral cavities. If the opportunity is given, Candida species can cause oral candidiasis,
which usually occurs in immunocompromised individuals and those with predisposing
conditions. Therefore, Candida infections have been named the “disease of the diseased” [1].
In the oral cavity, overgrowth of Candida can cause discomfort and pain, an altered sense of
taste, dysphagia if disseminated to the oesophagus, difficulty in eating and swallowing and
consequently poor nutrition. In immunocompromised patients, infection can disseminate
through the bloodstream or upper gastrointestinal tract, leading to severe infection with
increased morbidity and mortality. The mortality rate from systemic candidiasis is up to
79% [8]. Therefore, for prevention and treatment, it is important to remove or alleviate the
predisposing conditions.

2. Role of Saliva and Mucosa

Saliva plays a major role in the preservation of oral health. It lubricates the oral cavity
and through constant flow and swallowing, mechanically removes excess bacteria and
food debris. Therefore, as a first defence, the quantity of saliva is important. Individuals
with xerostomia generally have altered microbial community. Torres et al. (2002) found
high Candida counts and multiple Candida species in subjects with xerostomia [9]. Patients
with head and neck cancers going through radiation therapy often have hyposalivation
and imbalance in oral flora increasing the rate of Candida colonisation and infection [10–12].
A low salivary flow rate causes intense oral cavity colonisation by C. albicans and other
yeasts [13,14].

Mucin present in saliva forms part of the protective coating along the oral mucosal
surface, thereby preventing adherence of commensals and pathogens, including Candida.
In addition, negatively charged epithelial cells cause repulsion of Candida cells, preventing
adherence. Nevertheless, these adverse effects on adherence are normally oppressed by
other stronger adherence mechanisms responsible for the colonisation and development of
infection [15].

Saliva also contains complex host molecules, which are both harmful and beneficial to
the microflora. Proteins and glycoproteins provide primary nutrients to the oral flora. Once
established, the consortia of microflora produce enzymes that can break down salivary
molecules and free up required nutrients, carbohydrates and amino acids [16]. For example,
C. albicans can grow in human saliva without the addition of glucose, and in stationary
phase, it can survive for more than 400 h [17]. Saliva contains several ions including
sodium, potassium, cadmium, chloride, bicarbonate and phosphate. These ions are usually
responsible for the buffering properties of saliva. In addition, it contains mucin, proteins
and glycoproteins which provide nutrients to the microorganisms, facilitate their adhesion
to the oral surfaces, cause aggregation of microorganisms for clearing from the oral cavity
and, to some extent, inhibit the growth of some exogenous microorganisms.

Certain components present in saliva apply selective pressure on the resident mi-
crobiota controlling growth and survival. Mucin, fibronectin, proline-rich-protein and
secretary IgA actually cause agglutination, binding microorganisms, whereas statherin,
histatins, α and β defensins, lactoperoxidase, lactoferrin and lysozymes have antimicro-
bial activity. Among these salivary antimicrobials, only histatins and defensins proved
to have antifungal activity [18]. Statherin is known to reverse the morphological state
of C. albicans from hyphae, a pathogenic state to a blastospore state, which can alter the
course of infection [19]. Histatin has well-known in vitro antifungal activity [20,21] and
its protective property in keeping the counts of Candida low in the oral cavity has been
documented [22,23]. For example, reduced salivary flow and anticandidal activity in HIV-
infected individuals contributed to them having an increased incidence of oral Candida
infections [24]. Defensins are a group of broad-spectrum antimicrobial peptides, produced
at mucosal level as components of the innate immunity. Defensins are able to recognize
the fungal cell wall and disrupt it through membrane permeabilization. They are cysteine-
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rich peptides of two families, the α-defensins and β-defensins, which are produced by
neutrophils and epithelial cells, respectively [25]. However, the complete mechanism of
action of defensins is unknown [26]. Of four β-defensins, hBD-2 and hBD-3 are strongly
induced in response to infection, particularly by C. albicans hyphae [27]. Defensins also act
as chemoattractants for dendritic cells, neutrophils and T cells [28]. LL-37 cathelicidin is an
antimicrobial peptide produced by the epithelial cells of the oral cavity and it is known
to interact with the C. albicans cell wall components such as chitin, glucan and mannan,
causing inhibition of C. albicans adherence to epithelial cells [29].

Intact epithelial cells, although considered as a physical barrier preventing infections,
also play an active role in the initial immune response to pathogens. They are responsible for
the release of inflammatory mediators, including inflammatory cells and proinflammatory
cytokines, e.g., IL-1α/β, IL-6 and TNF-α as well as antimicrobial factors. In addition to the
release of cytokines, they produce four classes of small antimicrobial peptides, such as small
anionic peptides, which require zinc as a cofactor, defensins, linear cationic peptides rich
in proline or tryptophan and small α-helical cationic peptides, which lack cysteines [30].
This protective effect of IL-1β in invasive C. albicans infection has been demonstrated [31].
Candida albicans pathogenicity and the host response at the mucosal surface are summarised
in Figures 1 and 2, respectively [32].
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3. Host Factors and Habits

Local and systemic host factors (listed in Table 1) affect colonisation and the develop-
ment of oral Candida infections [33].

Table 1. Predisposing factors for oral Candida colonisation and infection.

Local factors and habits
• Hyposalivation
• Poor oral hygiene
• Poor denture hygiene and sleeping with dentures
• Oral prostheses placed due to oral surgery
• Untreated dental caries
• Smoking cigarette or waterpipe
• Microtrauma
• Infancy and elderly
Systemic factors
• Radiation treatment for head and neck cancers
• Malignancies
• HIV
• Diabetes mellitus
• Anaemia and iron deficiency
• Down syndrome
• Malnutrition
• Neutropenia
• Transplant recipients
Medications
• Prolong antibiotic use
• Use of Corticosteroids
• Cytotoxic chemotherapy for cancers
• Other immunosuppressive drugs
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In the oral cavity, an increase in Candida counts can occur during compromised host
immunity, extremes of age, steroid use, cancers and HIV/AIDS. In addition, when normal
microbiota are disturbed due to various host factors, including prolonged use of antibiotics,
overgrowth of Candida can occur. Local microtrauma, poor oral hygiene, radiotherapy
for head and neck cancers, cytotoxic chemotherapy, iron deficiency, malnutrition, oral
prostheses and the presence of dental caries can increase the risk of colonisation and the
development of infection [34]. Oral Candida have been shown to increase in ages above
80, untreated carious or prosthetic teeth, salivary low pH and decreased red blood cell
count [35].

Smoking is associated with a variety of changes in the oral cavity. Cigarette smoke
has effects on saliva, oral commensal bacteria and fungi, mainly Candida, which causes oral
candidiasis, the most common opportunistic fungal infection in man [36]. How cigarette
smoke affects oral Candida is still controversial. This brief overview is an attempt to address
the clinical findings on the relationship between smoking and oral candidiasis and possible
mechanism of pathogenicity.

3.1. Smoking

Cigarette smoke affects saliva, and oral microbiota, including Candida. However,
the mechanism of the effect of cigarette smoke on oral Candida is controversial [36].
Darwazeh et al. (2010) found that tobacco smoking did not appear to increase oral colonisa-
tion with Candida species in healthy subjects [37], whereas Muzurović et al. (2013) showed
that smoking has an influence on oral colonisation with Candida species [38]. Similarly,
tobacco users were found to harbour elevated levels of C. albicans [39]. Smokers are seven
times more likely to have oral Candida. In addition, smokers with active carious lesions are
also more likely to carry oral Candida [40]. Water-pipe smoking is no different to cigarette
smoking. Therefore, water-pipe smokers and cigarette smokers are at an increased risk of
developing oral Candida infections [41].

Cigarette smoke (CS) is one of the most important risk factors for lifestyle non-
communicable illnesses. It is known to affect host immune functions, which predisposes
smokers to infections [42,43]. In the oral cavity, normal flora, secretory antibodies and
immune cells, such as polymorphonuclear leukocytes, are important in the inhibition of
the establishment of Candida [44]. Candida colonisation is increased in smokers due to the
reduced activity of oral polymorphonuclear leukocytes. In addition, smoking reduces
gingival crevicular fluid, which carries antibodies and immune cells [45]. The essential
components of innate immunity, the NOD-like receptor family pyrin domain, containing
3 (NLRP3) inflammasome and IL-1β, are required for normal immune function. NLRP3-
induced IL-1β together with IL-6 have been shown to be critical mediators of antifungal-
protective Th17 immuno-inflammatory responses particularly in Candida infection [34].
Animal studies have shown that IL-1β-deficient mice have increased Candida counts and
lower survival rates compared to the normal wild-type mice if exposed to smoke [46].
Similarly, intracellular expression of TNF-α was also reduced significantly after cigarette
smoke exposure in the C. albicans infection groups [47]. This consequently reduces the host
defence against C. albicans infection and increases colonisation. In addition, nicotine has a
direct effect on C. albicans by enhancing the thickness of biofilm and adherence [48].

3.2. Dental Caries

Candida carriage has been found to be high in individuals with dental caries [49],
particularly in children with early childhood caries [50]. Fragkou et al. (2016) found that
caries-active children between the ages of 3 to 13 harboured Candida more frequently and
had a significantly higher number of Candida than caries-free children [51]. Candida counts
of ≥1000 cfu/mL were found in the saliva of Yemeni children with caries [52]. In children
with severe early childhood caries, both the child and the mother were highly infected with
Candida and they were genetically related, suggesting mother to child transmission [53].
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Candida albicans is an acidogenic fungus and heterofermentative, mainly in the presence
of high carbohydrate concentrations [54]. Therefore, this microorganism can participate in
the tooth demineralization process [55,56]. Although the pathogenesis of Candida in the
development of dental caries is not established, Candida albicans and Streptococcus mutans, a
cariogenic bacterium together form an increased biomass [57,58]. In addition, C. albicans
mannans has the ability to bind to glucosyltransferases produced by S. mutans, which also
facilitate the incorporation of C. albcans into the biofilm and promote growth [59,60]. These
could be the reason for the increased carriage rate of C. albicans in individuals with caries.

3.3. Oral Prostheses

Oral prostheses, such as removable partial and full dentures and prostheses placed
after corrective surgeries, are known to be risk factors for Candida colonisation and hence
development of oral infections. In total, 60% to 100% of denture wearers carry Candida in
their oral cavity [61–64]. In addition, high numbers of Candida counts have been found in
the oral cavities of denture wearers compared to non-wearers [65,66]. Dentures decrease
the flow of oxygen and saliva to the underlying tissues, creating an acidic, anaerobic
environment, which is conducive to Candida growth. In addition, surface characteristics:
porosity and hydrophobicity of denture acrylic and the denture lining allow adhesion of
Candida [67–69].

3.4. Cancer Treatment

Chemotherapy and radiotherapy used for the treatment of cancers are cytotoxic.
They cause a reduction in saliva flow and mucosal fragility, resulting in mucositis. These
patients are susceptible to Candida colonisation and oral Candida infections [70]. Therefore,
they carry high quantities of C. albicans and a variety of Candida species in their oral
cavities [11,71]. This can mainly be due to hyposalivation created by the cancer therapy,
particularly in patients with radiotherapy for head and neck cancers [11,72]. In these
patients, the change in the oral flora with increase in Candida, is noted even after 2 years
post-treatment [10]. During cancer treatment, to prevent oral infections, management of
the oral cavity is important.

3.5. HIV

Immunosuppression in the host is the most important factor in the colonisation of
the oral cavity with Candida. Oral and pharyngeal candidiasis caused by C. albicans is the
most frequently experienced infection in patients with HIV/AIDS [73], even in the era of
efficacious antiretroviral therapy. High Candida carrier rates in HIV patients have been
found, compared to those in healthy individuals. For example, in South Africa, the Candida
carrier rate in HIV-positive patients who were not on antiretroviral therapy (ART), was
found to be 81%, compared to the 63% of the HIV-negative group. Fourteen percent of
these HIV-positive Candida carriers carried more than 10,000 cfu/mL of saliva compared to
zero percent of the HIV-negative subjects [74]. Sixty percent of HIV patients still carried
Candida in their oral cavity even after being on ARVs [75]. In Thailand and India, the carrier
rate was reported to be around 65% [76,77]. Carrier rate is influenced by ARV therapy,
CD4 counts, other illnesses such as tuberculosis and diabetes mellitus, dental caries, oral
hygiene and oral prostheses [75,78,79].

Although HIV infection is associated with the dysregulation of a number of immune
functions at the mucosal surface, the ability of patients to mount specific antibody secretory
responses seems to remain relatively intact until the late stages of infection [80]. The
tissue-signalling cytokines IL-17 and IL-22 produced by mucosal Th17 cells, are critical
to host defence against oral C. albicans infection. They induce expression of antimicrobial
peptides and recruitment of polymorphonuclear neutrophils. Mucosal Th17 cells are
depleted in HIV-infected patients reducing the protective mechanism against Candida
infections [81]. Studies in HIV transgenic mice have demonstrated that defective IL-17-
and IL-22-dependent induction of innate mucosal immunity to C. albicans is important in
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the susceptibility to oral candidiasis [82]. It has also been shown that in CD4C/HIV MutA
transgenic (Tg) mice, dendritic cells (DCs) are normally depleted and have an immature
phenotype, consequently low expression of MHC class II and IL-12. Defective CD4+ T
cells primarily determined the susceptibility to chronic carriage of C. albicans in these
Tg mice [83].

3.6. Diabetes

Patients with diabetes mellitus are also susceptible to opportunistic infections includ-
ing oral candidiasis due to elevated serum glucose levels and decreased function of the
cellular immune system. Salivary hyperglycaemia is one of the main risk factors for Candida
infection of oral cavity in patients with diabetes, more than 77% of whom suffer from oral
candidiasis [84]. Prevalence of Candida carriage and the quantity of Candida in the oral
cavities of diabetic patients (69%) was found to be significantly high, compared to the
healthy individuals (48%) [84]. Poor glycaemic control, periodontitis and the use of oral
prostheses further increases the occurrence of Candida (prevalence and density) in these
patients [85–89].

3.7. Organ Transplant

Invasive Candida infections, particularly bloodstream, esophageal, gastrointestinal
and respiratory, are prevalent in an immediate post-transplant period in organ transplant
patients [90]. The prevalence during the first 6 months after transplantation can be up
to 50% depending on the type of organ transplant [91–93]. Up to 80% of esophageal
infections in renal transplant patients were found to be due to Candida colonisation of the
oral cavity and oral candidiasis [91,92]. Although Candida carriage may not be significantly
high in transplant recipients [94,95], they carry a high number of Candida in their oral
cavities. Dongari-Bagtzoglou et al. (2009) found that 57% of asymptomatic transplant
recipients carried Candida in their oral cavities as compared with 50% of age-matched
healthy individuals [96]. However, those 57% of carriers had a high number of Candida.

4. Candida albicans

Candida species is the most common oral cavity-colonising fungus, which is a uni-
cellular, dimorphic (blastospore and mycelium) eukaryote cell with sexual and asexual
reproduction. It contains a cell wall that is external to the cell membrane. The plasma
membrane contains large quantities of ergosterol. Many species of Candida occur in the oral
cavity and are identified during a diseased and commensal state [12,66,71,74,75,97]. The
most common species are Candida albicans, C. glabrata, C. tropicalis, C. krusei, C. parapsilosis,
C. guilliermondii and C. dubliniensis. Among these Candida species, C. albicans is the species
most frequently isolated from the oral cavity as well as from extraoral sites. In the oral
cavity, since non-albicans Candida generally coexist with C. albicans, their role in the patho-
genesis of oral candidiasis has not been established. However, the mixed colonisation
with C. albicans and C. glabrata has been found to enhance fungal invasion and tissue
damage [98]. Most Candida species are easy to identify using microscopy and culture
technique. Individual species can be differentiated using biochemical reactions which are
commercially available.

Among many systemic and localised Candida infections, oral candidiasis is one that
affects both healthy and immunocompromised individuals. It is the most common human
fungal infection, especially in early and later life. It manifests as an inflammation of buccal
and palatal mucosa, and tongue. The interplay between the immune status, oral tissues,
oral environment and microbial factors is responsible for the development of this infec-
tion [34]. Oral candidiasis can be classified into five clinical categories: pseudomembranous
candidiasis, erythematous candidiasis, chronic atrophic candidiasis, angular cheilitis and
chronic hyperplastic candidiasis [34].
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The common histopathological features are the presence of chronic inflammatory
cell infiltration in the tissue just under the infected epithelium and the accumulation of
microabscesses around the Candida cells [34].

4.1. Pathogenicity of Candida albicans

The conversion of blastoconidial state to the hyphal state instigated by local and sys-
temic host factors causes tissue invasion and clinical infection. Other virulence factors are:
cell surface expression of adhesins, biofilm formation, thigmotrophism, phenotypic switch-
ing and hydrolytic enzyme secretion. These pathogenic factors facilitate host recognition,
binding to the host cell, other microorganisms and abiotic surfaces, ability to overcome
host response, and tissue penetration and degradation.

Epithelial cells of the mucosa are at the forefront, and first to interact with C. albicans.
Adherence of C. albicans occurs due to the interaction between fungal cell wall compo-
nents and surface receptors of the host cells. Although structural polysaccharides such as
β-glucan, mannan and chitin induce epithelial signalling, target receptors have not been
identified. Adhesins responsible for the adherence are mainly hyphal wall protein 1 (Hwp1)
and agglutinin-like sequence 1–9 (ALS1–9). Multiple host epithelial receptor targets for ALS
proteins have been identified [99]. ALS1–5 and ALS9 are upregulated during mucocuta-
neous candidiasis [15]. ALS3p adhesion is responsible for the adherence of the hyphae form
of Candida and ALS3 is upregulated during oral and vaginal infections [15]. ALS3 acts as
an adhesion, as well as an invasion. Together with heat shock protein Ssa1, it promotes
the endocytosis of C. albicans into epithelial cells. This occurs through the interaction with
the intercellular component E-cadherin and the epidermal growth factor/human epider-
mal growth factor 2 complex [100–102]. Non-viable metabolically inactive Candida cells
can still be endocytosed. In addition, INT1 adhesin is also responsible for the adherence
targeting epithelial integrins. In addition to adherence, INT1 is also involved in hyphae
formation [103].

During adhesion of C. albicans to epithelial cells, hyphae are induced and hyphae-
associated proteins Hwp1 are expressed. Hwp1 is highly expressed during infection in
the oral cavity [104]. It acts as a substrate for epithelial transglutaminases, facilitating
string covalent links with other epithelial proteins. This allows further adhesion and
establishment of Candida to the epithelial cells [105]. Active penetration through hyphae is
the dominant route of invasion, rather than the endocytosis. Active penetration through
physical pressure created by actively growing hyphae and hydrolysis occurs due to the
production of Candidalysin (ECE1) and hydrolytic enzymes, such as proteinases (Secretory
Aspartic Proteinases—Sap 1 to 10), Phospholipase B1 (Plb1) and the lipase family (Lip1-10).
Among 225 proteins secreted by C. albicans which facilitate acquisition of nutrient, tissue
invasion and damage, Saps are the most extensively studied proteins [106]. Sap1-8p are
extracellular, whereas Sap9p and Sap10p remain attached to the fungal cell membrane.
However, collectively they degrade many host tissue components and proteins involved
in immune defences. Phospholipases increase adherence ability of C. albicans to host
cells and hence pathogenicity [107]. The hyphae form of C. albicans that do not produce
phospholipase particularly PLD1, may adhere to the epithelial cells but cannot penetrate
the tissues [108].

Through candidalysin, C. albicans hyphae cause damage to the epithelial cells and
elicit innate immunity [109]. In oral epithelial cells, candidalysin causes cell damage and
membrane destabilization through induced calcium ion influx and lactate dehydrogenase
release. Hydrolytic enzymes actually cause digestion of epithelial tissues [110–112].

Although the adherence and biofilm formation ability of C. albicans to biotic and
abiotic surfaces contributes towards the acquisition and development of infection, it does
not contribute towards the actual pathology. However, biofilm-associated pathogen is
protected from disinfectants and antifungal agents, and therefore it has implications in the
infection control regime and the treatment.
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4.2. From Colonszation to Infection

Mucosal epithelial cells distinguish between the harmless blastospore form of Candida
and invasive hyphae through the activation of mitogen-activated protein kinase (MAPK)
immune pathways [113]. These pathway activations occur in two stages. During the
commensal state, there is a weak activation of the NF-kB, phosphoinositide 3-kinase
(PI3K), c-Jun N-terminal kinase (JNK), extracellular signal-regulated kinase (ERK1/2) and
p38 MAPK pathways [114]. This activity is sustained during the commensal state and
does not result in initiation of a pro-inflammatory response and epithelial tissue damage.
Nevertheless, the invasive hyphal formed together with candidalysin, particularly in large
quantities, elicits stronger activation of the same pathways, which subsequently release
pro-inflammatory cytokines causing innate immune response including recruitment of
neutrophils and macrophages.

Host immunity is the most important factor in the Candida colonisation of the oral
cavity. Additional factors that contribute towards the level of colonisation are host habits
and physiology, trauma, oral prostheses, antimicrobial and chemotherapeutic treatment and
reduced salivary antimicrobial peptides. The main factor in the balance commensalism or
parasitism of an invading microorganism is the host’s immune response capacity. However,
there are few measures that can contribute to an improvement in the immune response,
which directs preventative measures to control the number of Candida cells and the virulence
of the organism.

In an oral cavity of an immunocompromised individual, the Candida counts are
generally high and further increase during infection. For example, 42.6% and 14.4% of
antiretroviral-treatment-naive HIV-positive patients carried 103 to 104 and >104 Candida
cells per millilitre of saliva, respectively. These counts were significantly higher than their
HIV-negative counterparts [74]. In 58% of denture wearers and 75% of cancer patients with
oral prostheses >103 Candida per millilitre of saliva were found [65,66]. Up to 70% of cancer
patients carry a high number of Candida in their oral cavities without an overt infection [71].

Many host factors influence the increase in these counts of Candida [35]; however, the
threshold value that differentiates between colonisation and actual infection is important.
Studies have reported controversial threshold values. Epstein et al. (1980) showed that
patients with candidiasis had greater than 400 cfu/mL of Candida in their saliva whereas
carriers had less than 400 cfu/mL [115]. Xu and Hu, (1993) have reported a Candida count of
200 cfu as a cut-off point to Candida infection [116]. In our experience, healthy individuals
have shown to carry up to 103 cfu/mL in their saliva [73] without showing any signs
and symptoms. Similarly, symptomatic patients are suggested to have 103 to 106 cfu/mL
in saliva [117]. These differences in the results could be due to the method of sample
collection, such as oral swabs, whole saliva, stimulated saliva, oral rinses and concentrated
rinses. Swabs are operator-dependent and rinses are likely to give higher counts than saliva.
Counts in the concentrated rinses can be the highest [118]. With whole saliva samples,
which is the most common method, and ROC curve analysis, 270 cfu/mL have shown to
be the threshold value [119]. They also showed that in the symptomatic patients the counts
can vary depending on the type of oral candidiasis. These threshold values are important,
not only during diagnosis of infection but also in the prevention of the development of
infection. The immune status of patients cannot be altered, but the Candida counts can be
kept lower than this threshold by adjusting contributing host factors.

In addition to the counts, virulence of Candida is also important particularly in Candida
cells carried by the vulnerable population. In a case of high virulence, the required infec-
tious dose, or, in oral Candidiasis threshold counts, may be even lower. Candida albicans
isolated from HIV patients have enhanced adherence ability, and they produce large quan-
tities of secreted aspartyl protease, suggestive of a high virulent state, than isolates from
HIV-negative patients [120]. In addition, virulence of Candida carried by asymptomatic
HIV-positive patients fluctuates and is not related to the CD4 counts [121]. During their
carrier state, Candida isolated from patients with oral prostheses produced significantly
high levels of hydrolytic enzymes and formed hyphae [66]. In addition, their adherence
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ability was significantly higher than the isolates from healthy individuals. Similarly, Can-
dida isolated from cancer patients without any symptoms of Candidiasis produced a higher
level of phospholipases compared to the isolates from healthy individuals [71]. A high
number of isolates of Candida from diabetics produced a high level of proteinase [122].
Besides the high virulence, in these vulnerable individuals, if the counts of Candida increase,
they can collectively cause increased tissue damage.

It is evident that immunocompromised individuals carry a high number of Candida
with enhanced virulence. As soon as the balance is disrupted due to the host or environ-
mental factors, infection can occur. Prevention of the development of infection is possible.

5. Prevention and Treatment

Many systemic and topical preparations containing antifungal agents such as flu-
conazole, amphotericin B, miconazole, nystatin and clotrimazole are available for the
treatment of oral candidiasis. Treatment is relatively easy, apart from the side effects, threat
of over-use and development of resistance. Considering the fact that in the oral cavity
C. albicans is carried by a large population of normal healthy individuals and even more
by immunocompromised patients, prevention should be the most important approach,
rather than treatment. Alternative treatment, such as proven home remedies and phyto-
chemicals, should be considered [123]. In the oral cavity, whatever therapeutic product is
used, it is difficult to maintain the therapeutic concentration due to the constant flow of
saliva. Therefore, it is important that the subtherapeutic concentrations have some effect
on the virulence of the surviving Candida cells, providing additional benefit. The primary
objective must be to maintain low Candida counts and reduce their virulence. Moreover, the
additional host factors such as high carbohydrate intake, dental caries and hyposalivation
should be identified as they influence the adherence, growth and virulence of Candida, and
corrective measures should be implemented (Figure 3). This approach is patient-centred
and therefore, for compliance, patient education is very important. These lifestyle adjust-
ments can keep the Candida counts in check, and some of the measures may maintain a low
level of virulence.
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In the oral cavity C. albicans can be associated with the biofilm formed by oral bacteria;
therefore, the removal of biofilm and oral hygiene are important. Mechanical removal
of biofilm from hard and soft tissues, using toothpastes, and the use of antimicrobial
mouthrinses can keep the numbers low. Although the chlorhexidine gluconate mouthrinses
are considered a gold standard for the oral cavity, they cannot be used on a long-term
basis and have side effects. A daily-use mouthrinse containing fluoride and triclosan have
shown to reduce C. albicans counts by 77% in HIV-positive patients [124]. Mouthrinses
containing cetylpyridinium chloride, menthol, eucalyptol and iodine have antifungal
activities and can be used to control Candida in the oral cavity [125]. They are not very
expensive and have no side effects. Patients with HIV, organ transplants, diabetes mellitus
and any immunocompromised individuals should be educated and advised regarding
the importance of good oral hygiene. In cancer patients, the few weeks before, after, and
during radiation and/or chemotherapy are a crucial time, and it is important to keep the
Candida counts low. Similarly oral and denture hygiene in denture wearers is important.
They should be educated regarding oral and denture hygiene, and night-time removal
of dentures.

Consumption of refined sugars should be avoided because Candida-associated oral
Streptococcus mutans ferment sugars, resulting in the production of acids and extracellular
polysaccharides, which facilitate adherence and growth, and enhance hyphae and hy-
drolytic enzyme production in Candida. In addition, sugars will also support the growth of
Candida [60].

Probiotics, for their efficacy towards oral Candida and their virulence, have also been
studied [126]. The mode of action of probiotics is inhibition through competition for
adhesion, secretary metabolites and stimulation of the immune system of the host.

Many medicinal plant-derived compounds and essential oils have been studied.
In vitro and in vivo studies have established the antifungal efficacy of essential oils and
their effect on the virulence properties of Candida. Some of these plants are Cinnamomum
zeylanicum, Coriandrum sativum and Cymbopogon nardus [127–129]. Dodoneae viscosa var.
angustifolia (DVA), a medicinal plant that is traditionally used for oral thrush, has also been
extensively studied. At high concentrations, DVA has shown antifungal activity against
C. albicans isolated from HIV-positive and HIV-negative patients, and at subinhibitory
concentrations, it inhibits the virulence properties, such as adherence to epithelial cells
and, hyphae and biofilm formation [130]. In addition, DVA-derived flavone also inhibits
biofilm formation and acid production by cariogenic bacteria S. mutans. This means that
DVA would reduce the Candida counts and improve the oral hygiene, which would fur-
ther decrease the Candida counts [131]. Nevertheless, beneficial plant-derived compounds
can be further explored for their cytotoxic effects and in vivo efficacy and developed into
mouthrinses or oral gels [132,133]. In clinical trials, drug formulas prepared from essential
oils derived from Pelargonium graveole and Melaleuca alternifolia have shown good efficacy
in denture wearers and HIV patients [134–137].

6. Conclusions

The oral cavity is a unique site where host and microbes, including Candida, have a
delicate balance. They live in harmony with each other until the balance is disrupted. The
factors that affect this relationship are host immunity, physiology and habits. Disruption
leads to the development of oral candidiasis in vulnerable individuals. Antifungal drugs
are available to treat this infection; however, recurrent infections in this group require
frequent use of these drugs, which can lead to the development of drug resistance in this
causative fungi Candida. In addition, these drugs have side effects. Since the causative
factors are well known, corrective measures can be implemented to prevent the devel-
opment of this infection. Not much can be done about the immune status of the host.
However, the physiology and habits of the host can be addressed. Preventative measures
can include household remedies, use of mouthrinses and gels, and probiotics. The aim of
the preventative measures should be to maintain the low counts (<200 cfu/mL) in saliva
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and inhibit the virulence of Candida, which can be achieved using well-studied readily
available mouthrinses used for oral hygiene, and phytochemicals. Essential oils have been
extensively studied for their antifungal and antivirulence activity and are readily available.
Due to the constant flow of saliva in the oral cavity, antifungal activity in these products
in not sufficient and it is difficult to maintain the therapeutic concentration. Therefore, at
subinhibitory concentrations, these products should have some inhibitory effect on the
virulence properties, such as adherence ability, hyphae and biofilm formation, and the
production of hydrolytic enzymes and toxins. These products can have a long-lasting effect,
meaning that at therapeutic concentrations, they will kill the Candida. As the concentrations
are reduced in the oral cavity, the subtherapeutic concentrations would render the surviving
Candida cells avirulent.

7. Future Research

Alternative therapies can be explored for their use in the prevention and treatment of
Candida infections in the oral cavity. Many plant-derived extracts and phytochemicals have
been studied and screened for their antifungal activities. Studies could be performed with a
clear direction and clinical application of the chemical constituents. Studies for novel drug
discovery should be separated from the validation of plants and their possible uses such as
topical, systemic or oral cavity/vaginal rinses, ointment, etc. If a chemical is studied, to
target the oral cavity, one should bear in mind the fast clearance of the therapeutic chemical.
Fast-acting chemicals are ideal. MIC studies are not enough because they are performed
over 24 h; therefore, time-kill studies are important. The effect on virulence should be
studied for long-lasting effects. Substantivity (mucosal absorption and slow release) of
the chemical should be studied. For example, chlorhexidine gluconate has a very good
substantivity and therefore it has a long-lasting effect. Finally, the cytotoxicity should be
studied over a shorter time exposure, instead of a full 24 h, because the exposure in the oral
cavity is topical and brief, with minimum systemic absorption of the therapeutic product.
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A.; Stokowska, W.; et al. Incidence rate of Candida species in the oral cavity of middle-aged and elderly subjects. Adv. Med. Sci.
2006, 51 (Suppl. 1), 233–236. [PubMed]

http://doi.org/10.1136/adc.60.4.381
http://www.ncbi.nlm.nih.gov/pubmed/4004318
http://doi.org/10.1016/0030-4220(84)90257-3
http://doi.org/10.1111/j.1600-0528.1993.tb00782.x
http://www.ncbi.nlm.nih.gov/pubmed/7900956
http://doi.org/10.1016/0003-9969(80)90147-8
http://doi.org/10.1186/s12903-017-0342-0
http://www.ncbi.nlm.nih.gov/pubmed/28148273
http://www.ncbi.nlm.nih.gov/pubmed/17458099


Pathogens 2022, 11, 335 13 of 17

8. Fraser, V.J.; Jones, M.; Dunkel, J.; Storfer, S.; Medoff, G.; Dunagan, W.C. Candidemia in a tertiary care hospital: Epidemiology, risk
factors, and predictors of mortality. Clin. Infect. Dis. 1992, 15, 414–421. [CrossRef]

9. Torres, S.R.; Peixoto, C.B.; Caldas, D.M.; Silva, E.B.; Akiti, T.; Nucci, M.; de Uzeda, M. Relationship between salivary flow rates
and Candida counts in subjects with xerostomia. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endodontology 2002, 93, 149–154.
[CrossRef]

10. Almståhl, A.; Finizia, C.; Carlén, A.; Fagerberg-Mohlin, B.; Alstad, T. Mucosal microflora in head and neck cancer patients. Int. J.
Dent. Hyg. 2018, 16, 459–466. [CrossRef]

11. Karbach, J.; Walter, C.; Al-Nawas, B. Evaluation of saliva flow rates, Candida colonization and susceptibility of Candida strains
after head and neck radiation. Clin. Oral Investig. 2012, 16, 1305–1312. [CrossRef]

12. Tarapan, S.; Matangkasombut, O.; Trachootham, D.; Sattabanasuk, V.; Talungchit, S.; Paemuang, W.; Phonyiam, T.; Chokchaitam,
O.; Mungkung, O.O.; Lam-Ubol, A. Oral Candida colonization in xerostomic postradiotherapy head and neck cancer patients.
Oral Dis. 2019, 25, 1798–1808. [CrossRef] [PubMed]

13. Torres, S.R.; Peixoto, C.B.; Caldas, D.M.; Silva, E.B.; Magalhães, F.A.C.; Uzeda, M.; Nucci, M. Clinical aspects of Candida species
carriage in saliva of xerotomic subjects. Med. Mycol. 2003, 41, 411–415. [CrossRef] [PubMed]

14. Buranarom, N.; Komin, O.; Matangkasombut, O. Hyposalivation, Oral health, and Candida colonization in independent dentate
elders. PLoS ONE 2020, 15, e0242832. [CrossRef]

15. Nikou, S.A.; Kichik, N.; Brown, R.; Ponde, N.O.; Ho, J.; Naglik, J.R.; Richardson, J.P. Candida albicans interactions with mucosal
surfaces during health and disease. Pathogens 2019, 8, 53. [CrossRef] [PubMed]

16. Marsh, P.D.; Do, T.; Beighton, D.; Devine, D.A. Influence of saliva on the oral microbiota. Periodontology 2000 2016, 70, 80–92.
[CrossRef]

17. Valentijn-Benz, M.; Nazmi, K.; Brand, H.S.; Hof, W.V.; Veerman, E.C.I. Growth of Candida albicans in human saliva is supported by
low-molecular-mass compounds. FEMS Yeast Res. 2015, 15, fov088. [CrossRef] [PubMed]

18. Abiko, Y.; Saitoh, M.; Nishimura, M.; Yamazaki, M.; Sawamura, D.; Kaku, T. Role of beta-defensins in oral epithelial health and
disease. Med. Mol. Morphol. 2007, 40, 179–184. [CrossRef] [PubMed]

19. Leito, J.T.D.; Ligtenberg, A.J.M.; Nazmi, K.; Veerman, E.C.I. Identification of salivary components that induce transition of hyphae
to yeast in Candida albicans. FEMS Yeast Res. 2009, 9, 1102–1110. [CrossRef] [PubMed]

20. Oppenheim, F.G.; Xu, T.; McMillian, F.M.; Levitz, S.M.; Diamond, R.D.; Offner, G.D.; Troxler, R.F. Histatins, a novel family of
histidine-rich proteins in human parotid secretion. Isolation, characterization, primary structure, and fungistatic effects on
Candida albicans. J. Biol. Chem. 1988, 263, 7472–7477. [CrossRef]

21. Xu, T.; Levitz, S.M.; Diamond, R.D.; Oppenheim, F.G. Anticandidal activity of major human salivary histatins. Infect. Immun.
1991, 59, 2549–2554. [CrossRef]

22. Jainkittivong, A.; Johnson, D.A.; Yeh, C.K. The relationship between salivary histatin levels and oral yeast carriage. Oral Microbiol.
Immunol. 1998, 13, 181–187. [CrossRef] [PubMed]

23. Sugimoto, J.; Kanehira, T.; Mizugai, H.; Chiba, I.; Morita, M. Relationship between salivary histatin 5 levels and Candida CFU
counts in healthy elderly. Gerodontology 2006, 23, 164–169. [CrossRef] [PubMed]

24. Lin, A.L.; Johnson, D.A.; Patterson, T.F.; Wu, Y.; Lu, D.L.; Shi, Q.; Yeh, C.-K. Salivary anticandidal activity and saliva composition
in an HIV-infected cohort. Oral Microbiol. Immunol. 2001, 16, 280–288. [CrossRef] [PubMed]

25. Diamond, G.; Ryan, L. Beta-defensins: What are they really doing in the oral cavity? Oral Dis. 2011, 17, 628–635. [CrossRef]
[PubMed]

26. Polesello, V.; Segat, L.; Crovella, S.; Zupin, L. Candida infections and human defensins. Protein Pept. Lett. 2017, 24, 747–756.
[CrossRef] [PubMed]

27. Feng, Z.; Jiang, B.; Chandra, J.; Ghannoum, M.; Nelson, S.; Weinberg, A. Human beta-defensins: Differential activity against
candidal species and regulation by Candida albicans. J. Dent. Res. 2005, 84, 445–450. [CrossRef] [PubMed]

28. Vylkova, S.; Li, X.S.; Berner, J.C.; Edgerton, M. Distinct antifungal mechanisms: Beta-defensins require Candida albicans Ssa1
protein, while Trk1p mediates activity of cysteine-free cationic peptides. Antimicrob. Agents Chemother. 2006, 50, 324–331.
[CrossRef] [PubMed]

29. Tsai, P.W.; Yang, C.Y.; Chang, H.T.; Lan, C.Y. Human antimicrobial peptide LL-37 inhibits adhesion of Candida albicans by
interacting with yeast cell-wall carbohydrates. PLoS ONE 2011, 6, e17755. [CrossRef]

30. Tomalka, J.; Azodi, E.; Narra, H.P.; Patel, K.; O’Neill, S.; Cardwell, C.; Hall, B.A.; Wilson, J.M.; Hise, A.G. β-Defensin 1 plays a role
in acute mucosal defense against Candida albicans. J. Immunol. 2015, 194, 1788–1795. [CrossRef]

31. Hebecker, B.; Naglik, J.R.; Hube, B.; Jacobsen, I.D. Pathogenicity mechanisms and host response during oral Candida albicans
infections. Expert Rev. Anti-Infect. Ther. 2014, 12, 867–879. [CrossRef] [PubMed]

32. Richardson, J.P.; Moyes, D.L.; Ho, J.; Naglik, J.R. Candida innate immunity at the mucosa. Semin. Cell Dev. Biol. 2019, 89, 58–70.
[CrossRef] [PubMed]

33. Hertel, M.; Schmidt-Westhausen, A.M.; Strietzel, F.P. Local, systemic, demographic, and health-related factors influencing
pathogenic yeast spectrum and antifungal drug administration frequency in oral candidiasis: A retrospective study. Clin. Oral
Investig. 2016, 20, 1477–1486. [CrossRef] [PubMed]

34. Feller, L.; Khammissa, R.A.G.; Chandran, R.; Altini, M.; Lemmer, J. Oral candidosis in relation to oral immunity. J. Oral Pathol.
Med. 2014, 43, 563–569. [CrossRef] [PubMed]

http://doi.org/10.1093/clind/15.3.414
http://doi.org/10.1067/moe.2002.119738
http://doi.org/10.1111/idh.12348
http://doi.org/10.1007/s00784-011-0612-1
http://doi.org/10.1111/odi.13151
http://www.ncbi.nlm.nih.gov/pubmed/31257663
http://doi.org/10.1080/1369378031008540886
http://www.ncbi.nlm.nih.gov/pubmed/14653517
http://doi.org/10.1371/journal.pone.0242832
http://doi.org/10.3390/pathogens8020053
http://www.ncbi.nlm.nih.gov/pubmed/31013590
http://doi.org/10.1111/prd.12098
http://doi.org/10.1093/femsyr/fov088
http://www.ncbi.nlm.nih.gov/pubmed/26392045
http://doi.org/10.1007/s00795-007-0381-8
http://www.ncbi.nlm.nih.gov/pubmed/18085375
http://doi.org/10.1111/j.1567-1364.2009.00575.x
http://www.ncbi.nlm.nih.gov/pubmed/19799638
http://doi.org/10.1016/S0021-9258(18)68522-9
http://doi.org/10.1128/iai.59.8.2549-2554.1991
http://doi.org/10.1111/j.1399-302X.1998.tb00730.x
http://www.ncbi.nlm.nih.gov/pubmed/10093533
http://doi.org/10.1111/j.1741-2358.2006.00120.x
http://www.ncbi.nlm.nih.gov/pubmed/16919097
http://doi.org/10.1034/j.1399-302x.2001.016005270.x
http://www.ncbi.nlm.nih.gov/pubmed/11555303
http://doi.org/10.1111/j.1601-0825.2011.01799.x
http://www.ncbi.nlm.nih.gov/pubmed/21332602
http://doi.org/10.2174/0929866524666170807125245
http://www.ncbi.nlm.nih.gov/pubmed/28782479
http://doi.org/10.1177/154405910508400509
http://www.ncbi.nlm.nih.gov/pubmed/15840781
http://doi.org/10.1128/AAC.50.1.324-331.2006
http://www.ncbi.nlm.nih.gov/pubmed/16377704
http://doi.org/10.1371/journal.pone.0017755
http://doi.org/10.4049/jimmunol.1203239
http://doi.org/10.1586/14787210.2014.916210
http://www.ncbi.nlm.nih.gov/pubmed/24803204
http://doi.org/10.1016/j.semcdb.2018.02.026
http://www.ncbi.nlm.nih.gov/pubmed/29501618
http://doi.org/10.1007/s00784-015-1631-0
http://www.ncbi.nlm.nih.gov/pubmed/26481235
http://doi.org/10.1111/jop.12120
http://www.ncbi.nlm.nih.gov/pubmed/24118267


Pathogens 2022, 11, 335 14 of 17

35. Nishimaki, F.; Yamada, S.-I.; Kawamoto, M.; Sakurai, A.; Hayashi, K.; Kurita, H. Relationship between the quantity of oral Candida
and systemic condition/diseases of the host: Oral Candida increases with advancing age and anemia. Mycopathologia 2019, 184,
251–260. [CrossRef] [PubMed]

36. Soysa, N.S.; Ellepola, A.N.B. The impact of cigarette/tobacco smoking on oral candidosis: An overview. Oral Dis. 2005, 11,
268–273. [CrossRef]

37. Darwazeh, A.M.-G.; Al-Dwairi, Z.N.; Al-Zwairi, A.A.-W. The relationship between tobacco smoking and oral colonization with
Candida species. J. Contemp. Dent. Pract. 2010, 11, 017–024.
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