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ABSTRACT
The study was done to establish oral carriage of Candida, speciation, assay biofilm production and correlate the oral Candida carriage with 
occurrence of dental caries in students. Swab samples from oral cavity were collected from 206 students and were cultured for yeasts. Isolated 
yeasts were identified and detected for Biofilm production. 
Results: Overall Candida carriage was found in 90 of the 206 students (75 with caries). The rate of Candida carriage in students with caries (64%) 
was significantly higher as compared to overall carriage in students (43.7%). A total of 123 Candida strains were isolated including C albicans 
(63%), C tropicalis (23 %), C. parapsilosis (6 %), C. glabrata (4 %) and C. krusei (4 %). Biofilm production by C albicans was less frequent (42. 
85%) than that by non-C albicans (63.33 %). and was significantly higher in students with caries than from without caries. 
Conclusion: We found a significant risk of dental caries with oral Candida carriage rates in student population. Candida albicans was the most 
common species isolated. Biofilm production was implicated in Candida virulence and was more important for non- C.albicans than C.albicans 
strains to establish infections.

KEYWORDS
Biofilm production; Candida; Caries; Oral Carriage; Students. 

INTRODUCTION:  
Apart from bacteria, the importance of the presence of yeasts in the oral 
cavity and the incidence of dental caries have been demonstrated for 

1 adults and for children in earlier studies. Although mutans 
streptococci and lactobacilli are considered to be the main aetiological 
agents of human dental caries, fungal microflora has been found to be 
involved by numerous studies suggesting a correlation between high 
prevalence of Candida spp. and the development of active carious 
lesions, however it's actual role as a risk factor has yet to be completely 

 2clarified.

Candida albicans is frequently carried in the oral cavity without 
causing disease (20% to 40% but asymptomatic carriage may place 
some individuals at higher risk of complications if they become 

3immunosuppressed.  The genus Candida includes several species of 
which Candida albicans is by far the most common species causing 
infections in humans. The emergence of non- albicans Candida spp. as 
significant pathogens has however been well recognized during the 

4past decade.  All Candida spp. have been shown to cause a similar 
spectrum of disease ranging from oral thrush to invasive disease, yet 
differences in disease severity and susceptibility to different antifungal 

4agents have been reported.  Candida spp. identification is therefore 
important for successful management. 

Despite the potential relevance of C. albicans carriage, little is known 
about carriage patterns in student population. Hence, the purpose of the 
present study was to analyse oral carriage of different Candida species 
in students and to correlate their carriage with dental caries.
 
In the present study we have also aimed at demonstrating biofilm 
formation by candida spp isolated which may be a reflection of their 
pathogenic potential. Candida strains possess a number of virulence 
factors; one amongst them is biofilm (slime) production. Biofilms are 
the structured microbial communities that are attached and encased in 
a matrix of exopolymeric material increasing candida adherence 
ability and colonization and infection of host tissues leading to 

5 6development of clinical infection particularly in the oral cavity. .  

AIMS & OBJECTIVES:
1. To analyse oral carriage of different Candida species in students.
2. To correlate their carriage with dental caries in them. 
3. Demonstrating biofilm formation by Candida spp. isolated. 

METHODS:  
The samples for the study were collected from the pharynx, 
supragingival plaques and carious lesions using sterile cotton swabs in 
206 dental students with an average age of 28 years persuing B.D.S. 

ndcourse (2  year)in a private dental and medical college in Delhi, NCR 
Region over a period of 06 months with prior informed consent. All 
were clinically healthy with no signs of systemic or any other illness. 

All samples were cultured directly on Sabourauds Dextrose Agar 

slopes with chloramphenicol and incubated at 37 ºC for 3 days. 
Macroscopic (creamy moist colonies) and microscopic (yeast cells, 
pseudohyphae and blastospores) examination of the growth verified 

.4the diagnosis of candidiasis  Species identification of Candida isolated 
was done by performing germ tube, sugar fermentation and 

7assimilation tests.

Further subculture of the obtained colonies was done on Cornmeal 
agar plates and Hi-Crome Candida Differential Agar M1297A on 
which different Candida species produce different colour after 

0 8, 9incubation at 30 C for 24-48 hours.

Virulence was determined as adherence capacity by biofilm 
production by the species. For measuring the Biofilm (slime) 
production, a saline suspension of 24-hour growth of organisms from 
the SDA plate was made and turbidity adjusted to 0.5 MacFarland 

7 standard to contain 3 X 10 cfu/ml. 20 μl of this suspension was 
inoculated into wells of microtiter plate to which 180 μl Sabouraud's 
Dextrose broth was added.  The plates were incubated at 37 ºC for 24 h 
after which the wells were washed twice with phosphate buffered 
saline and finally 200 μl of PBS was added to each well. Biofilm 
production was measured by spectrophotometric reading at 405nm 
and quantified by measuring the percent transmittance with microtitre 
plate reader. Biofilm production was scored as negative, weak positive 

5,10 (1+), moderate positive (2+) or strong positive (3+). The prevalence 
of Candida carriage was calculated using the chi- square test. The 
levels of significance were fixed at p < 0.05.

RESULTS: 
The overall Candida carriage was found in 90 out of 206 students with 
75 students having caries. Out of 90 students, Candida was isolated 
from single material sample in 61 students and in the rest, 29 Candida 
was isolated from 2 (25students) or 3materials (4 students).
  
A total of 123 Candida strains were isolated of which 61(49.6%) were 
from supragingival plaques, 48 (39%) were from carious lesions (out 
of 75) and 14(11.4%) were from pharyngeal swabs.

Candida was isolated in 48 out of 75 (64%) students with caries, the 
rate being significantly higher as compared to overall number of 
students with candidial carriage being 90 out of 206 (43.7%) (p = 
0.0026).

Out of 123 candida strains isolated, the species identified were C 
albicans (63%), C tropicalis (23 %), C. parapsilosis (6 %), C. glabrata 
(4 %) and C. krusei (4 %) (Table 1).

Amongst the 123 Candida strains, biofilm production was found in 61 
strains (49.6%). Biofilm production by C albicans was less frequent 
(33 out of 78 strains, 42.3 %) than that by non-C albicans (28 out 45 
strains, 63.22 %). Strong biofilm production was found in C. krusei (4 
out of 5 strains showed 4+ biofilm production), weak in C. parapsilosis 
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(5out of 7 showed no biofilm production and 1 each showed 2+ and 1+ 
biofilm production). 

Biofilm production among candida strains isolated from student with 
caries (mean 0.293 ±0.046) was statistically significantly higher (p= 
0.05) than in those obtained from students without caries (mean 0.328 
± 0.067). (Table 2)

DISCUSSION:
Our own observations showed oral Candida isolation rate in students 
with caries as significantly higher as compared to overall number of 
students with candidial carriage in oral cavity indicating that there is an 
increased risk of dental caries with oral Candida carriage rates in 
student population. This is in compliance with other studies 
implicating oral Candida carriage in pathogenesis of plaque and caries 

 2,11,12 and especially in the progression of caries lesions in children. The 
Candida spp. are capable of colonizing the hard surface of the teeth, 
invading the dentinal tubules, participating in formation of microbial 
biofilm and producing large amount of acids responsible for 

2, 13demineralization of tooth enamel and dissolution of hydroxyapatite.
The results obtained suggest that anti-caries treatment alone is not 
sufficient for resolving dental decay, and should be supplemented with 
additional therapy with antifungal mouthwashes in particular when 
yeasts are present. A similar inference has been made by a study where 
oral Candida carriage was found to be related to caries in children and 
carriage rates were reduced with use of antifungal oral rinses to 

 2eliminate any Candida spp. reservoir to prevent reinfection.

According to most publications, Candida albicans is the most 
frequently encountered species in both oral carriage and oral 

1,4,12 candidiasis as was found in our study . A study done earlier in China 
however found that frequency of Candida species varied with age 
group. It stated that with increasing age, the frequency of C. albicans 

14 decreases and non-C. albicans yeasts increases . Emergence of non-C. 
albicans strains as significant pathogens especially in immuno 
compromised patients with varied clinical manifestations has also 

15been reported in other studies.

The ability of fungi to form biofilms has been associated with the 
ability to cause infections like oral candidiasis and bloodstream 
infections 

In the present study, biofilm production among Candida strains 
isolated from students with caries was statistically significantly higher 
than in those obtained from students without caries implicating its 
production in enhancing Candida virulence which is similar to that 

5, 6,16 reported in earlier studies.

Biofilm production by C. albicans was found to be less frequent than 
that by non-C. albicans species suggesting that biofilm production is 
more important for non- C. albicans strains and C. albicans possess 
mechanisms other than biofilm production, as reported in earlier 

 5studies.

CONCLUSIONS: 
The study suggests oral Candida carriage may have a role in 
pathogenesis of dental caries possibly by biofilm production in student 
population. Candida albicans was the commonest species isolated in 
oral cavity, however non- C albicans species have a higher potential for 
bio film production and virulence.

Table 1. Proportion Of Students With And Without Caries With 
Candida Carriage

TABLE 2. Candida species isolated and biofilm production by 
them
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No. of students Examined With Caries Without Caries
Total 206 75 131
Candida isolated 90 48 42 

Species No. 
isolated

Biofilm production Biofilm 
producers

Biofilm 
Non 
producers

3+ 2+ 1+ 0

C. albicans 78 2 11 20 45 33 45

C. tropicalis 28 6 6 7 9 19 9

C. parapsilosis 07 0 1 1 5 2 5

C. glabrata 05 0 2 0 3 2 3

C. krusei 05 4 1 0 0 5 0

Total 123 61 62
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