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Abstract 

Objective: To determine the prevalence of Candida species in the saliva of patients with 
clinically suspected oral potentially malignant disorders (OPMD) and healthy cohorts. Material 
and Methods: Unstimulated saliva was collected from patients with OPMD (n=100) and age 
and sex matched healthy subjects (n=170). The samples were inoculated onto Sabouraud 
Dextrose Agar and incubated for a week. The colonies of the isolates were enumerated using a 
colony counter. The isolates were identified using standard phenotypic methods. The significance 
of oral candidal carriage was calculated using Independent T test. Odds and Risk ratio was 
calculated using Pearson’s Chi-square test. Results: Oral candida carriage was present in 51% of 
patients with OPMD while healthy cohorts had a prevalence of 20.6%. A good statistical 
significance was observed for the prevalence of oral candidal carriage for patients with OPMD in 
comparison to healthy cohorts (p=0.013). Significant Odds and risk ratio was observed for the 
prevalence of Candida species among OPMD. Majority of the isolates in both groups were C. 
albicans. Colony forming units were high among patients with OPMD. Conclusion: A significant 
association of oral candidal carriage to oral potentially malignant disorders in comparison to 
healthy cohorts was observed. Candidal species may be potent risk factor for transition of OPMD 
to oral Squamous Cell Carcinoma. 
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Introduction 

Oral potentially malignant disorders (OPMD) include all precancerous lesions and 

conditions that have an increased potential for malignant transformation. Etiology of potentially 

malignant disorders is multifactorial. Tobacco and alcohol are considered the major risk factors [1]. 

Candida is recognized to have significant relation with oral potentially malignant oral disorders [2]. 

Candida species are opportunistic pathogens, which could associate with the virulence attributes of 

the organism and the host factors. Oral candidal carriage frequency changes based on certain 

physiological changes associated with age, mucosal changes, immunity, habits of the individual and 

changes in the oral microbiota [3]. 

The ability of Candida species to persist on mucosal surfaces of healthy individuals is by itself 

an important factor contributing to its virulence [4]. There is an increased risk for Oral cancer in 9-

40% of candidal leukoplakias compared with the 2-6% risk of the malignant transformation of 

leukoplakias in general [5]. Vast majority of Candida species are found colonizing the oral mucosa as 

normal commensals. In health, the amount of yeast is kept under control by specific and nonspecific 

defence mechanisms of the saliva and the oral mucosa. 

The risk of Candida species in malignant transformation may be attributed to its virulence 

capacity. Candida has the ability to produce carcinogenic nitrosoamine compounds, like 

Nitrosobenzyl methylamine (NBMA) [6]. Limited data are available on the carriage of oral Candida 

species in the saliva of patients with OPMD in Indian Scenario. The earlier studies have been 

performed with less number of samples. Studies associating oral candidal carriage and OPMD being 

easy and simple can help identify the high-risk individuals for malignant transformation. The present 

study was carried to evaluate oral candidal carriage among patients with OPMD and healthy 

cohorts. 

 

Material and Methods 

Sample 

The study population comprised of patients with clinically suspected potentially malignant 

oral disorders (n=100) and healthy subjects (n=170). Patients with uncontrolled diabetes& 

immunocompromised status, denture wearers, patients receiving steroid therapy and under long 

term local and systemic drug therapy were excluded. Individuals with no oral mucosal lesions and 

deleterious habits were included for healthy subjects. 

Unstimulated whole saliva was collected by the `draining' method .The subject's head was 

tilted forward so that saliva moves towards the anterior region of the mouth and the pooled saliva (2 

mL) was collected into a wide mouthed sterile container [7]. The sample was then immediately 

transported to the Microbiology lab in for isolation and identification of Candida albicans and non 

Candida albicans species. 10 µl of saliva sample was inoculated onto the Sabouraud dextrose agar 

(SDA) plate at 370C for a week. The purity was checked by Gram staining. Colony count was 

performed by a digital colony counter and expressed as colony forming unit (CFU)/mL of saliva.  
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The identification of Candida species were by phenotypic methods (CHROM agar, germ tube 

tests, Chlamydospore formation on cornmeal agar, sugar assimilation and fermentation tests). 

Prevalence, quantification and identification of the Candida albicans and non-albicans isolates were 

documented. 

 

Data Analysis 

The significance of oral candidal carriage was calculated using independent T test. Odds and 

risk ratio with 0.95 confidence interval for prevalence of Candida among OPMD was analyzed using 

Pearson’s Chi square test. P value <0.05 was considered significant. 

 

Ethical Aspects 

The study was cleared by Institutional ethics committee, Sree Balaji Dental College and 

Hospital. Informed consent was obtained from all the patients willing to participate in the study. All 

procedures performed in studies involving human participants were in accordance with the ethical 

standards of the institutional and/or national research committee and with the 1964 Helsinki 

declaration and its later amendments or comparable ethical standards. 

 

Results 

The OPMD comprised patients with leukoplakia (48%), oral submucous fibrosis (36%), 

erythroplakia (4%), erosive lichen planus (3%) and erythroleukoplakia (2%). Seven patients had a 

combination of leukoplakia and oral submucous fibrosis (7%). The number of males /females in 

OPMD and health were 99/1 and 164/6, respectively. Significant difference was not observed 

between OPMD patients and healthy subjects with respect to age and sex (p>0.05).  

Table 1 shows the prevalence of Candida albicans and non-albicans in the study population 

and control group. 

 

Table 1. Prevalence of Candida albicans  and non-albicans  in OPMD and health subjects. 
Oral Potentially Malignant 

Disorders 
 Candida species 

Total Presence Absence C. albicans non-albicans 
 N (%) N (%) N (%) N (%) N (%) 

Leukoplakia 48 (48.0) 22 (45.8) 26 (54.2) 15 (68.2) 7 (31.8) 
Oral Submucous Fibrosis (OSMF) 36 (36.0) 20 (55.6) 16 (44.4) 18 (90.0) 2 (10.0) 
Leukoplakia/OSMF 7 (7.0) 2 (28.6) 5( 71.4) 1 (50.0) 1 (50.0) 
Erosive Lichen Planus 3 (3.0) 2 (66.7) 1 (33.3) 2 (100.0) 0 (0.0) 
Erythroleukoplakia 2 (2.0) 2 (100.0) 0 (0.0) 2 (100.0) 0 (0.0) 
Erythroplakia 4 (4.0) 3 (75.0) 1 (25.0) 1 (25.0) 2 (75.0) 

Total 100 (100.0) 51 (51.0) 49 (49.0) 39 (76.5) 12 (23.5) 
Health 170 34 (20.0) 136 (80.0) 19 (55.9) 15 (44.1) 

 

In OPMD, the oral candidal carriage was 51%. The percentage of Candida albicans and non-

albicans was 72.4 and 27.4, respectively. Oral candidal carriage among healthy cohorts was 20%. The 

prevalence of Candida albicans and non-albicans was 55.1% and 44.1%, respectively. A statistically 
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significant difference was observed between the study and control group with respect to Candida 

species prevalence (p=0.013). The prevalence of C. albicans species was significantly high compared 

to non-albicans in the study group, while significance was not observed in the control group. 

Abundance of Candida colony forming units (>1000cfu/ml) was observed among OPMD. 

Conversely healthy subjects showed colony forming units below 1000/ml. Significant Odds ratio 

(4.1633; 3.6433-7.1664) and Risk ratio (2.55; 1.7848-3.6433) was observed for oral candidal carriage 

in OPMD. 

 

Discussion 

Candida is considered an etiologic factor for OPMD because of its ability to produce 

carcinogenic compounds like nitrosamines (N-nitrosobenzylmethylamine - NBMA) and its ability to 

convert nitrite and nitrate into nitrosamines and other substances to produce acetaldehyde [6]. A 

prospective study has reported the association of Candida species to leukoplakia. One among 15 

patients with persistent candidal infection of the lips developed carcinoma [8]. Previous authors 

have revealed the progression of candidal leukoplakia to oral squamous cell carcinoma (OSCC) in six 

of ten patients [9]. Animal studies have proved the ability of C. albicans in inducing epithelial 

hyperplasia, increased mitotic activity, epithelial dysplasia and   transforming dysplastic epithelium 

into malignancy [10]. The fact that epithelial dysplasia improves after elimination of Candida spp. 

from infected tissue also supports a causal link [11]. 

All the patients with OPMD in our study had the habit of smoking, tobacco chewing and 

consumption of alcohol. Majority of them had all the three habits. A previous study showed that 

current smokers were more likely to carry high Candida loads nearly seven times more than past 

smokers or non-smokers [12]. 

The results of our study showed a higher oral candidal carriage compared to several earlier 

studies [13-17]. Previous authors have speciated Candida by germ tube test and chlamydospore 

formation [15]. The prevalence of C. albicans with potentially malignant disorders has been 

investigated by various authors under microbiological [17-19], cytological [17,19] and 

histopathological studies [6,17,18]. C. albicans was the predominant isolate in our study which 

correlated well with previous studies [14,16]. The lower prevalence of non-albicans did not match 

with an earlier study as their study did not reveal the presence non-albicans [15]. 

The prevalence of Candida species in patients with leukoplakia was slightly lower compared 

to previous reports [15,20]. Conversely, it was higher than a study that has reported 40% candidal-

positive culture in leukoplakia [17]. A meta-analysis on fifteen studies of leukoplakia reveals 32.2% 

of Candidal prevalence [21]. The prevalence of Candida species in OSMF subjects was slightly 

lower than that observed in Sri Lankan patients (63.6%) [18]. Conversely our study had a higher 

prevalence than few other studies [13,15,19,22]. 

 It is postulated that alterations in the overlying epithelium in OSMF would breach the 

physiological barrier offered in healthy status, creating a favourable and conducive 
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microenvironment that increases the colonization of Candida [22]. The association of Candida in 

OSMF was higher than leukoplakia, which correlates with an earlier study [15]. 

Oral yeast carriage in healthy patients reported so far vary significantly ranging from 2% to 

70%, most likely due to variations in sample collection methods [23]. The present study reports a 

higher percentage of oral candidal carriage in health compared to previous studies [14,15,22,24]. 

Conversely, we report a low prevalence of Candida compared to Sri Lankan population (50%) [18] 

and Polish population (63.1%) [25]. 

The significant odds and risk ratio of oral Candidal carriage among OPMD suggests its 

potential risk. Oral Candidal carriage may be an added burden to patients with OPMD in the 

transition of OPMD to malignancy. 

 

Conclusion 

The present study shows significant association of oral Candidal carriage to oral potentially 

malignant oral disorders. Although there has been a recent surge in reporting isolation of non-

Candida albicans species, our study had C. albicans as the dominating species isolated among OPMD. 

A considerable proportion of cases with OPMD showed higher colony-forming units compared to 

controls. Patients with positive candidal growth in OPMD use of antifungal therapy can be initiated 

to reduce the risk for malignant transformation. The exact role of Candida as a promoter of oral 

cancer still needs to be evaluated further. 

 

Authors’ Contributions: SLS and KM declare that they contributed to data analysis and interpretation, article 

writing, relevant critical review of intellectual content and approval of the final version to be published. 

Financial Support: DST- FIST (Ref. No. SR/FST/College-23, 2017), Bharath Institute of Higher Education 

and Research. 

Conflict of Interest: The authors declare no conflicts of interest. 

 

References 

[1] Neville B, Damm DD, Allen C, Bouquot J. Oral and Maxillofacial Pathology. 2nd. ed. Philadelphia: Saunders 
Elsevier; 2002. 

[2] Warnakulasuriya S1, Johnson NW, van der Waal I. Nomenclature and classification of potentially malignant 
disorders of the oral mucosa. J Oral Pathol Med 2007; 36(10):575-80. 
https://doi.org/10.1111/j.1600-0714.2007.00582.x 

[3] Rozkiewicz D, Daniluk T, Zaremba ML, Cylwik-Rokicka D, Stokowska W, Pawińska M, et al. Oral C. albicans 
carriage in healthy preschool and school children. Adv Med Sci 2006; 51(Suppl 1):187-90. 

[4] Raju SB, Rajappa S. Isolation and identification of Candida from the oral cavity. ISRN Dent 2011; 2011:487921. 
https://doi.org/10.5402/2011/487921 

[5] Sitheeque MA, Samaranayake LP. Chronic hyperplastic candidosis/candidiasis (candidal leukoplakia). Crit Rev Oral 
Biol Med 2003; 14(4):253-67. 

[6] Krogh P, Hald B, Holmstrup P. Possible mycological etiology of oral mucosal cancer: Catalytic potential of 
infecting Candida albicans and other yeasts in production of N-nitrosobenzylmethylamine. Carcinogenesis 1987; 
8(10):1543-8. https://doi.org/10.1093/carcin/8.10.1543 

[7] Oberg SG, Izutsu KT, Truelove EL. Human parotid saliva protein composition: Dependence on physiological 
factors. Am J Physiol 1982; 242(3):G231-G236. 

[8] Jansen GT, Dillaha CJ, Honeycutt WM. Candida cheilitis. Arch Dermatol 1963; 88(3):325-9. 
https://doi.org/10.1001/archderm.1963.01590210083013 



 Pesqui. Bras. Odontopediatria Clín. Integr. 2019; 19:e4802 

 

6 

[9] Cawson RA, Binnie WH. Candida, Leukoplakia and Carcinoma: A Possible Relationship. In: Mackenzie I, 
Dabelsteen E, Squier CA (Editors). Oral Premalignancy. Proceedings of the First Dows Symposium. Iowa: 
University of Iowa Press; 1980. pp. 59-66. 

[10] Dwivedi PP, Mallya S, Dongari-Bagtzoglou A. A novel immunocompetent murine model for C. albicans - Promoted 
oral epithelial dysplasia. Med Mycol 2009; 47(2):157-67. https://doi.org/10.1080/13693780802165797 

[11] Williams DW, Bartie KL, Potts AJ, Wilson MJ, Fardy MJ, Lewis MA. Strain persistence of invasive candida 
albicans in chronic hyperplastic candidosis that underwent malignant change. Gerodontology 2001; 18(2):73-8. 
https://doi.org/10.1111/j.1741-2358.2001.00073.x 

[12] Mun M, Yap T, Alnuaimi AD, Adams GG, McCullough MJ. Oral candidal carriage in asymptomatic patients. Aust 
Dent J 2016; 61(2):190-5. https://doi.org/10.1111/adj.12335 

[13] Kumar RS, Ganvir SM, Hazarey VK. Candida and calcofluor white: Study in precancer and cancer. J Oral 
Maxillofac Pathol 2009; 13(1):2-8. https://doi.org/10.4103/0973-029X.44575 

[14] Bansal R, Pallagatti S, Sheikh S, Aggarwal A, Gupta D, Singh R. Candidal species identification in malignant and 
potentially malignant oral lesions with antifungal resistance patterns. Contemp Clin Dent 2018; 9(Suppl 2):S309-
S313. https://doi.org/10.4103/ccd.ccd_296_18 

[15] Saigal S, Bhargava A, Mehra SK, Dakwala F. Identification of C. albicans by using different culture medias and its 
association in potentially malignant and malignant lesions. Contemp Clin Dent 2011; 2(3):188-93. 
https://doi.org/10.4103/0976-237X.86454 

[16] Gall F, Colella G, Di Onofrio V, Rossiello R, Angelillo IF, Liguori G. Candida spp. in oral cancer and oral 
precancerous lesions. New Microbiologica 2013; 36(3):283-8. 

[17] Vuckovic N, Bokor-Bratic M, Vuckovic D, Picuric I. Presence of Candida albicans in potentially malignant oral 
mucosal lesions. Arch Oncol 2004; 12(1):51-4. 

[18] Ariyawardana A, Panagoda GJ, Fernando HN, Ellepola AN, Tilakaratne WM, Samaranayake LP. Oral submucous 
fibrosis and oral candidal carriage - A case control study in Sri Lankan patients. Mycoses 2007; 50(2):116-20. 
https://doi.org/10.1111/j.1439-0507.2006.01330.x 

[19] Anila K, Hallikeri K, Shubhada C, Naikmasur VG, Kulkarni RD. Comparative study of Candida in oral submucous 
fibrosis and healthy individuals. Rev Odonto Ciênc 2011; 26(1):71-6. 
https://doi.org/10.1590/S1980-65232011000100016 

[20] Lipperheide V, Quindós G, Jiménez Y, Pontón J, Bagán-Sebastián JV, Aguirre JM. Candida biotypes in patients 
with oral leukoplakia and lichen planus. Candida biotypes in leukoplakia and lichen planus. Mycopathologia 1996; 
134(2):75-82. 

[21] Rodriguez-Archilla A, Alcaide-Salamanca MJ. Candida species detection in potentially malignant and malignant 
disorders of the oral mucosa: A meta-analysis. J Dent Res Review 2018; 5(2):35-41. 
https://doi.org/10.4103/jdrr.jdrr_27_18 

[22] Kamat MS, Vanaki SS, Puranik RS, Puranik SR, Kaur R. Oral Candida carriage, quantification, and species 
characterization in oral submucous fibrosis patients and healthy individuals. J Investig Clin Dent 2011; 2(4):275-9. 
https://doi.org/10.1111/j.2041-1626.2011.00078.x 

[23] Odds FC. Candida and Candidosis: A Review and Bibliography. 2nd. ed. London: Bailliere Tindall, 1988. p. 68-92. 
[24] McCullough M, Jaber M, Barrett AW, Bain L, Speight PM, Porter SR. Oral yeast carriage correlates with presence 

of oral epithelial dysplasia. Oral Oncol 2002; 38(4):391-3. https://doi.org/10.1016/S1368-8375(01)00079-3 
[25] Zaremba ML, Daniluk T, Rozkiewicz D, Cylwik-Rokicka D, Kierklo A, Tokajuk G, et al. Incidence rate of Candida 

species in the oral cavity of middle-aged and elderly subjects. Adv Med Sci 2006; 51(Suppl 1):233-6. 


