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Abstract 
Background:Greater adaptability of Candida to the host niche makes it the most common opportunistic 

pathogen. Its role as a commensal or pathogen in development of premalignancies and its progression to 

malignancies is of considerable debate. Present study was undertaken to determine the role of Candida 

albicans(CA)in progressionof oral cancer by isolation and identification by mycological methods in smokers 

without oral lesions and histopathologically diagnosed cases of epithelial dysplasia (ED) and oral squamous 

cell carcinoma (OSCC). 

Methodology:The study comprised of 120 cases that included study group of 40 smokers with oral lesions, 40 

smokers without oral lesions and 40 non-smokers as control group. Clinical examination was followed by oral 

rinse sample collection and biopsy for histopathological confirmation. Sedimented oral rinse was inoculated on 

Sabouraud’s dextrose agar (SDA). Isolated Candida colony after identification with Gram stain was subjected 

to germ tube and chlamydospore formation test for confirmation of CA. The data was statistically analysed 
using chi square test. 

Results:Colonisation of CA was 52.5% in the study group and 5% in the control group, was found to be 

statistically significant (p<0.001).Association of CA in smokers with varying histopathologic grades of oral 

lesions showed no evidence of a correlation. However, positive correlation was found in OSCC (n=19, 95%) 

and showed statistical significance (p<0.001). 

Conclusion:The present study showed an increase in colonization of CA in malignant lesions suggesting that 

CA in conjunction with tobacco usage may play a role in oral carcinogenesis. 
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I. Introduction: 
Incidence of oral cancer is particularly high among smokers and its etiology remains multifactorial. 

Oral microbes act as opportunistic pathogens, most notably Candida species.1 In recent years, role of Candida 

infection is recognized as a significant factor in the development of potentially malignant disorders 

(PMD).2There is an enduring discussion whether Candida infection can be a cause of PMD or a superimposed 

infection in a pre-existing lesion. 

A major virulent attribute of Candida is its ability to invade superficial layers of the epithelium, aided 
in particular by their hyphal appendages.3 In addition alterations in diet, medications, habits and host immune 

status  lead  to overgrowth of minor components of oral microflora predisposing the site to disease. Among 

more than 150species of Candida isolated, approximately 10 colonize the oral cavity andCandida albicans 

(C.albicans) is the most prevalent speciesrecognized both in healthy and diseased (70 to 75% of isolates), 

followed by Candidaglabrata and Candidatropicalis(7% of isolates).4Although rarely fatal in the absence 

of other serious underlying disease, oral candidiasis serves as a useful clinical marker for the presence of 

significant predisposing conditions.5 

The hyperplastic response of the epithelium when invaded by Candidahas been confirmed.6Candida 

albicans is capable of promoting cancer by several mechanisms, such as production of carcinogenic byproducts, 

triggering of inflammation and molecular mimicry.3Leukoplakia with candidal infection or candidal leukoplakia 

has been shown to have a higher rate of malignant transformation than those not infected with Candida.7 
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Tobacco smoke exposure has been shown to promote microbial biofilm formation.8Specifically, data  

demonstrates that cigarette smoke favours C. albicans adhesion and growthand also  promoted transition from 

blastospore to hyphal form promoting pathogenicity.9,10Thus smoking is a relative risk factor for the presence of 

Candida in the oral cavity. There is a strong dose-response relationship between the use of tobacco and the 

development of oral cancer.11It has been proposed that tobacco carcinogens act as initiators and Candida 

components as promoters according to classical theories of carcinogenesis.12 
In individuals with leukoplakia and oral squamous cell carcinoma (OSCC), C. albicans produced 

higher levels of aspartyl proteinases which further accelerates colonization.13Nitrosamines, a chemical 

carcinogen produced by certain strains of Candida,which either act directly on oral mucosa or interact with 

other chemical carcinogens to activate specific proto-oncogenes and thereby initiating oral neoplasia.14Thus, a 

synergistic effect with candidiasis and life-style factors may exist in oral carcinogenesis. 

The present study was conducted to identify the association of C. albicans speciesin the study groups 

comprising of OED & OSCC and normal control group using microbiological methods to understand the 

correlation between Candida, smoking habit and histopathological grading of oral lesions. 

 

II. Materials And Methods 
The study was conducted at K.V.G. Dental College & Hospital, Sullia and approved by the 

Institutional Research Ethics committee[IEC/KVGMC/10/2016]. A total of 120 outpatient subjects were 

included in the study after obtaining an informed consent from the patients. The patients were grouped as: 

Group A (n=40): Study group of smokers with oral lesions(OED & OSCC) (Fig I). 

Group B (n=40): Study group of smokers without oral lesions. 

Group C (n=40): Healthy control group without smoking habits and without any oral lesion 

The participants of the study group were only males due to social stigma about smoking in females and 

the regional culture. Therefore, the control group was also restricted to male participants. 

 

 
Fig I: Study group of smokers with oral lesions (OSCC) 

 

Oral sample collection: 

A provisional diagnosis of the oral lesions was made clinically. Oral rinse sample was collected from 

study and control groups. Oral rinse samples were obtained by asking patients to rinse their mouths with 10 ml 

of phosphate-buffered saline (PBS; pH 7.2, 0.1 M) for 60 seconds and to expectorate the rinse into a sterile 

container. 

 

Isolation and identification of Candida species: 

The mouth rinse sample was centrifuged at 1700 g for 10 min, the sediment was inoculated on 

Sabouraud’s Dextrose agar (SDA) and incubated for 48 h at 37ºC. The isolates were identified as C. albicans by 

colony morphology, Gram’s stain, germ tube formation and chlamydospore demonstration. 15 

Very small inoculum from an isolated Candida colony was suspended in a test tube containing pooled 

human serum (0.5 mL).  The mixture was incubated at 37°C for 2 h and examined for germ tube formation. 

Confirmatory test for the identification of C. albicans was done by subjectingGerm tube-positive 

samples for chlamydospore production by inoculation and incubation in cornmeal agar. 16 (Fig II) 

 

 

 

 

 

 

 

 

 

Fig II:Chlamydospore formation on corn meal agar(× 400X) 
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Histopathological evaluation: 

Incisional biopsy or punch biopsy was obtained from the representative sites after applying toludine 

blue and under all aseptic precautions. Samples were processed according to standard procedures for 

histopathological evaluation.17 

Statistical analysis was carried out using SPSS 20 software version. Chi square test was used to find 

the significance between the colonization of C. albicans among smokers in various study groups. Kruskal 
Wallis tests were used to analyse the comparison of colonisation among healthy control, smokers without lesion 

and smokers with lesion. 

 

III. Results 
Candida species was isolated from both study groups, whereas the healthy control group showed no 

growth. Isolation rate of Candida from group A and group B was 52.5%and 5% respectively. There was a 

highly significant (p<0.001) difference in the isolation rate of Candida among the groups (Table I). 

 

Table I: Isolation rate of Candida albicans in various groups 

Groups                                     Colonization                                                          p-value 

                                           Positive No (%)            Negative No (%) 

Group A (n=40)                     21 (52.5)                       19 (47.5)                 < .001 

Group B (n=40)                      38 (95)                          02 (5) 

Group C (n=40)                       0                            40(100) 

 

In Group A, higher percentage of Candida isolated from the age group of 46-55 years9(42.9%) 

followed by 56-65 years 6(28.6%), 36-45 years 4(19%) and least from the age group of 65-75 years 

2(9.5%).Culture positive samples when further subjected to germ tube and chlamydospore formation, only 
study group A showed positivity with statisticalsignificance(p< 0.001). 

The rate of colonization of Candida was compared among the groups. The range of colony-forming 

units among cases of Group A varied from 15x103 to 30x103CFU/mL. Majority of cases in Group A (57.1%) 

showed a colonization in the range of 10x103 to 20 x103 CFU/mL. Whereas in Group B, colony forming units 

were in the range of  3x103 to 12x103(Table II). 

 

Table II: Distribution of colony-forming units in study groups. 

Range of CFU                                 Group A                                           Group B 

                                                   No of cases (%)                               No of cases (%) 

10x103-20x103                                               12 (57.1)                                               02 (5) 

20x103-30x103                                              08 (38.1)                                                - 

30x103-40x103                                              01 (4.8)                                                  - 

Total                                           21 (52.5)                                                2 (5) 

 

When isolation of C. albicans was compared among the grades of epithelial dysplasia, it showed 

positivity with one case each in moderate and severe grades of dysplasia. (Table III)  When isolation of 

C.albicans was compared among the grades of squamous cell carcinoma, 19 (90.47%) cases showed positivity, 

among that 11 were well differentiated squamous cell carcinoma (WDSCC), 7 were moderate differentiated 

squamous cell carcinoma (MDSCC) and 1 poorlydifferentiated squamous cell carcinoma (PDSCC). 

Colonisation of C. albicans among smokers was compared with the histopathological grading of epithelial 

dysplasia and OSCC was not statistically significant (Table IV). 

 

Table III: Colonization of C. albicans among histopathological grades of epithelial dysplasia 

Histopathological grades 

of epithelial dysplasia               Colonisation of C.albicans        Total (N)               p-value 

Present                 Absent 

Mild 0                                   9 9 

Moderate 1  7 8 

Severe 1  1 2 

Total 2          17 19 0.111 
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Table IV: Colonization of C. albicans among histopathological grades of OSCC 

Histopathological grades of OSCC      Colonisation of C. albicans                         Total (N)               p-value 

                                                                              Present                        Absent 

WDSCC    11                                    0  11 

MDSCC  7                                     2     9 

PDSCC             11                                    0   11 

Total    19 2   21    .229 

 

IV. Discussion: 
Candida albicans is both a commensal and pathogen that exhibits yeast, hyphal, or pseudohyphal 

morphology.18Depending on the host defence mechanisms or local oral microenvironment, Candida can 

transform from a harmless commensal to the pathogenic organism causing oral mucosal infection.19Hence, 

identification of Candida species is crucial for successful clinical management. 

In our study Candida isolation rate was found to be 52.5% in OED and OSCC and 12.5% in smokers 
without oral lesions, which was similar with previous studies.8, 14, 17This revealed a significant correlation 

between Candida colonization and the severity of oral lesions. 

Age wise analysis showed a high positivity for Candida culture in the age group of 46-55 years among 

smokers with lesions. This was in accordance with studies conducted for isolation, identification, and carriage 

of Candida species.8, 11The result suggested that aging process does not act as a promoter, but act indirectly as 

predisposing factor. This could be due to reduced oxygen supply or reduced resistance of oral tissues. The 

participants of the study group were restricted to males. Thus, the influence of gender on yeast carriage could 

not be estimated in this study. Several other studies have shown absence of statistical significance of Candida 

growth in relation to gender.20, 21 

We observed highly significant association of Candidain oral cancer than in precancer. Of the 21 cases 

of OSCC, 19 cases showed colonization. Culture positivity revealed a significant correlation between Candida 
colonization and the severity of oral lesions as observed by the histopathological grades of epithelial dysplasia 

and squamous cell carcinoma. 

Studies based on histopathological staining and fluorescent staining techniques for Candida evaluation 

have shown the similar results.21,22In another comparative study, the association of C. albicans with malignant 

patients was highly significant (p<0.001) compared to other study groups. 23, 24In agreement with other studies 

our results further fortifying the association of yeast and its role in malignant transformation. 

Comparison of colony forming units among the groups showed the mean colony count to be equally 

distributed in different grades with minimum variation. It was observed that cases with a higher degree of 

malignancy had a higher frequency of isolation of Candida colony. Thus the persistent presence of C.albicansin 

smokers and increase with severity of oral lesions is proved in the present study. The precise mechanism 

through which oral Candida carriage is affected by tobacco still remains unclear. Earlier studies have tried to 

explain the possible mechanism.1, 9, 10Though the direct role of C. albicans in oral lesions is still debatable, our 
hypothesis suggests that C. albicans in conjunction with tobacco usage enhances the process of carcinogenesis. 

 

V. Conclusion: 
Candida albicans was significantly isolated in the group of smokers with malignant lesions in 

comparison to potentially malignant lesions. The results indicated that C. albicans plays a vital role in the 

advancement and deterioration of the condition as was seen associated with different grades of cancer. Thus we 

propose that C. albicans in association with smoking will enhance the process of carcinogenesis. 
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