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Introduction
Candida albicans, a diploid asexual 
fungus, is an opportunistic pathogen 
which is the predominant genus among 
the yeasts of the oral cavity.[1,2] Candida, 
though a commensal, can also cause oral 
mucosal infections in immunocompromised 
situations which are frequently seen 
in older individuals, infants, people 
infected with HIV, and individuals 
with cancer.[3]  Colonization may 
lead to either a sustained or transient 
saprophytic association with the host 
or localized infections of mucosal 
surfaces.[2] There is significant association 
between histologically determined fungal 
infection of the oral mucosa and epithelial 
dysplasia.[3] Candida might induce oral 
squamous cell carcinoma  (OSCC) by 
directly producing carcinogenic compounds, 
for example, nitrosamines.[4]

It is suggested that the tubular hyphal 
structure of C. albicans might be 
important as this structure allows ingress 
of precursors from saliva and   release of 
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Abstract
Objective: Candidal species identification in malignant and potentially malignant oral lesions with 
antifungal susceptibility. Materials and Methods: Oral candidal carriage, strain diversity, and 
antifungal susceptibility of Candida were checked for the patients having oral cancer or precancer 
reporting to the clinics for 1½ year. Statistically significant patients were selected and a control 
group was taken. A  total of 105 individuals were selected and divided into three different groups. 
Salivary samples were taken from all the individuals. Candida detection was done using Sabouraud’s 
agar and candidal species detection on CHROMagar. In vitro antifungal sensitivity was done using 
antifungal disc diffusion method. Results: Candida was isolated from 88.6% of patients with oral 
cancer and 45.7% in oral precancerous group. C.  albicans was the predominant species found in 
100% of oral precancerous and 71% in oral cancerous patients. Other Candida species found were 
C.  tropicalis  (9.7%) and C.  krusei  (19.6%). Antifungal susceptibility showed 4.3% sensitivity to 
fluconazole and 100% sensitivity to amphotericin B and nystatin. Conclusion: Oral Candida carriage 
was higher in oral cancerous group and majority of them were sensitive to amphotericin B and 
nystatin.
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the nitrosamine product to keratinocytes, 
potentially initiating OSCC.[4] Candida 
is frequently found in histological 
sections of leukoplakia. Some studies 
have suggested that Candida spp. 
isolated from leukoplakia lesions are 
able to produce the potent carcinogen 
N‑nitrosobenzylmethylamine.[5] There is a 
considerable circumstantial evidence which 
suggests that the Candida species may play 
a role in oral carcinogenesis.

It is a well‑known fact that cancer is 
posing a major threat to public health in 
the developed world and so is increasing 
in the developing world. The burden 
of infection‑related cancers is still 
underestimated worldwide, due to the use 
of conservative population, prevalence 
and risk ratio estimates.[6] Globally, 
oropharyngeal cancers have been estimated 
to be responsible for 529,500 incident cases 
and 292,300 deaths in 2012, accounting 
for about 3.8% of all cancer cases and 
3.6% of cancer deaths and it was estimated 
conservatively that in 2002, 18% of all 
malignancies were attributable to infectious 
agents.[6,7] The ability of certain C. albicans 
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strains to promote neoplastic changes and to produce 
carcinogenic nitrosamines from saliva has highlighted the 
potential role of candida in malignant transformation.[7,8]

Candidal leukoplakia is characterized histologically by 
chronic  (occasionally acute) intraepithelial inflammation 
with fungal hyphae invading the superficial layers 
of epithelium and has a significant rate of malignant 
transformation when compared with noncandidal 
leukoplakia.[9,10]

This study was an attempt to identify different Candida 
species in normal healthy individuals, potentially malignant 
and malignant oral lesions along with their susceptibility to 
antifungal drugs in vitro.

Materials and Methods
All the patients reporting to the department of oral medicine 
and radiology between July 2013 to November 2013, with 
precancer oral lesions and oral cancer lesions. Institutional 
ethical clearance was obtained to conduct the study and 
written consent was obtained from the participating 
individuals.

The inclusion criteria were based on clinically diagnosing 
and histopathologically confirmed cases of oral cancer and 
oral precancer. The cases with any other underlying disease 
or pathology were excluded from the study. A  total of 
95  cases were identified and confirmed histopathologically 
having oral cancer or precancer. Out of the selected cases, 
74 agreed for participating in the study  (77.9%) out of 
which 35  patients had oral precancer (Group 1) and 39 
had oral cancer (Group 2). To reduce the bias and be 
statistically reliable equal number of participants (35) were 
selected in cancer and precancer group. A  control group 
of 35 healthy individuals (Group 3) who volunteered were 
also selected with matching demographic parameters. All 
the selected patients were examined clinically and baseline 
parameters were checked. Saliva sampling using the oral 
rinse technique was performed for oral candidal carriage, 
strain diversity, and antifungal susceptibility of Candida. 
All patients were instructed to rinse their mouth for 60 s 
with 10  mL sterile phosphate‑buffered saline  (PBS).[11] 
The rinse was immediately concentrated by centrifuging 
at 1700  rpm for 10  min. Supernatant was discarded and 
an inoculating loop was used to spread the concentrate 
onto Sabouraud’s dextrose agar supplemented with 
chloramphenicol (10 mg/mL). It was incubated at 37°C for 
48 h and the resultant growth was then observed.[5] Creamy 
white, opaque, and smooth colonies suggested the presence 
of Candida [Figure 1] which was then further confirmed by 
Gram’s staining.

For strain diversity of Candida, CHROMagar was used. 
An inoculating loop was used to pick a small colony 
from the candidal growth and was then spread over the 
surface of CHROMagar plates. The plates were incubated 
at 37°C for 48  hours and growth was observed. This 

resulted in the formation of differently colored colonies 
[Figure 2].

Antifungal susceptibility of Candida

Antifungal susceptibility testing was carried out using 
antifungal disc diffusion susceptibility method for yeasts 
with approved guideline M44‑A given by the National 
Committee for Clinical Laboratory Standards  (2004). 
Inoculum was prepared by direct colony suspension 
method. The Candida growth obtained on CHROMagar 
was picked using inoculating loop and subcultured onto 
Sabouraud’s dextrose agar to ensure purity and viability. 
Colonies were suspended in 5  mL of sterile saline in a 
test tube. The resulting suspension was vortexed for 
15 seconds and its turbidity was adjusted by visually 
adding sufficient sterile saline to inoculate the test plates 
optimally within 15  min. A  sterile cotton swab was 
taken to inoculate the inoculum on dried surface of a 
sterile Mueller‑Hinton agar  +  2% glucose and 0.5 μg/mL 
methylene blue dye medium which was evenly streaking 
over the entire agar surface. The lid was left ajar for 3 
to 5  min to remove excess moisture and antimicrobial 
disks were dispensed onto the surface of the inoculated 
agar plate. The antifungal disks used were fluconazole 
10 μg, amphotericin B 50 μg, and nystatin 50 μg. The 
zone diameters were recorded with vernier caliper. Zone 
diameter interpretive criteria were used to accurately 
categorize the level of susceptibility of organisms to 
various antifungal drugs, based on the chart given by the 
manufacturer [Figure 3].

The statistical analysis was carried out using Statistical 
Package for the Social Sciences  (SPSS Inc., Chicago, IL, 
version 15.0 for Windows).

Results
A total of 105 participants including 84  males  (80%) 
and 21  females  (20%), aged 25–70  years, were enrolled 
into the study. There was no significant difference 
in age among participants in Group  1  (50.51  years), 
Group 2 (49.73 years), and Group 3 (50.40 years).

Figure 1: Sabouraud’s dextrose agar medium slope. Creamy white and 
smooth colonies depicting Candida growth
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Candidal carriage and species detection

In Group  1  (oral cancerous), the Candida carriage 
was found to be 88.6%  (31 out of 35), whereas in 
Group 2  (oral precancerous), it was 45.7%  (16 out of 35). 
No positive specimen was found among the healthy control 
group  (Group  3). Oral Candida carriage was significantly 
higher in oral cancerous group  (<.001) compared to oral 
precancerous and healthy controls [Table 1].

C.  albicans  (80.90%) was the predominant fungal species 
found among the candidial positive samples in oral 
cancerous and oral precancerous patients. In Group  1, 
C.  albicans was the predominant species found in 71% 
(22 out of 31) patients followed by C.  krusei  (19.6%) 
and C.  tropicalis  (9.7%). In Group  2, C.  albicans was the 
predominant species found accounting for 100% of the 
Candida‑positive patients [Table 2].

Of the three antifungal drugs used  (fluconazole, 
amphotericin B, and nystatin), in the oral cancerous 
group, all the 31  (100%) candidal isolates were 
susceptible to amphotericin B and nystatin, whereas for 
the drug fluconazole, only 2  (6.5%) of Candida isolates 
were susceptible and the rest 29  (93.5%) of Candida 
isolates showed resistance to the drug. On the other hand 
in the precancerous group, all the 16  (100%) Candida 
isolates showed resistance to the drug fluconazole, 
whereas all the 16  (100%) Candida isolates were 

susceptible to other antifungal drug i.e. amphotericin B 
and nystatin [Table 3].

Discussion
The prevalence of diseases caused by Candida species has 
increased in recent years. This is attributed to the increase 
in number of immunocompromised patients.[12] Apart from 
causing opportunistic infections, Candida species have been 
found to act as a contributing factor for oral neoplasia.[13] The 
first possible association between Candida species and oral 
neoplasia was reported in the 1960s.[14,15] Candida infection 
has been associated with malignant development in the 
oral cavity ever since it was found to cause candidal oral 
leukoplakia and to correlate with oral epithelial dysplasia.[6,7,9‑11] 
Candida‑infected leukoplakia appears to have a higher rate of 
malignant transformation than other types.[12] C. albicans has a 
very high potential to nitrosylate N‑benzylmethylamine and is 
more likely to be isolated.[13] Different researchers have used 
different methods for isolation of different Candida species 
from oral lesions in question. In the present study, oral rinse 
sampling method was used as it was advocated to be the most 
appropriate and sensitive technique for evaluating the overall 
yeast carriage when compared to imprint culture, swab, or 
saliva sampling technique.[16]

The candidal carriage was found to be significantly more 
in oral cancerous patients than oral precancerous patients. 

Figure 2: Candidal species differentiation on CHROMagar
Figure 3: Zones of inhibition seen on Muller-Hinton’s agar medium after 
placement of antifungal discs

Table 1: Candidal carriage on sabouraud’s agar
Sabouraud’s agar Group

Cancerous Precancerous Cancerous Control Precancerous Control
Negative
Count 4 19 4 35 19 35
Percentage within group 11.4 54.3 11.4 100 54.3 100

Positive
Count 31 16 31 0 16 0
Percentage within group 88.6 45.7 88.6 0 45.7 0

P <0.001 <0.001 <0.001
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On the contrary, no candidal carriage was seen in healthy 
control group  [Table  1]. These results were in accordance 
with a study done by McCullough et  al.[13] and Kumar 
et  al.,[14] who reported that 74.7% of the patients with 
evidence of oral epithelial dysplasia had yeast isolates 
in the oral cavity. McCullough et  al.[13] reported a strong 
statistical association between increased oral yeast density, 
oral epithelial dysplasia, and oral squamous cell carcinoma, 
with the degree of epithelial dysplasia correlating with 

increased oral yeast density. On the other hand, 4.4% of 
the healthy controls also depicted candidal isolates in their 
study. It can be attributed to the usage of the swab method 
for sampling of yeast samples in contrast to saliva sampling 
method using PBS in the present study.

CHROMagar facilitates the recognition of specimens 
containing mixtures of yeast species and species assessment 
is based on different colony colors for different Candida 
species. Microbiological testing in this reference may 
facilitate prompt diagnosis, choice of therapy, treatment 
assessment, and risk evaluation. The most frequently 
isolated Candida species was C. albicans in oral cancerous 
group. It was in agreement with other studies by Hornstein 
et al.[18] and Davies et al.[19] who showed the prevalence of 
C.  albicans to be 75%. Various authors have documented 
the prevalence of Candida in oral cancerous lesions ranging 
from 68% to 86%.[3,16,17,19,20]

The remaining isolates such as C.  krusei and C.  tropicalis 
were found exclusively in oral cancerous group. 
Safdar et  al.[20] also isolated C.  tropicalis  (18.4%) and 
C.  krusei  (9.6%) from patients with OSCC, whereas 
Davies et al.[19] found C. tropicalis in 5% of the oral cancer 
patients. Presence of Candida nonalbicans may also signify 
increased malignant potential.

Oral precancerous group of this present study was 
exclusively dominated by the presence of C. albicans only. 
This finding was in contrary to the other studies in literature 
who found C.  albicans in oral precancerous lesions to be 
76% and 87%.[15,16]

Based on the above findings, it is obvious that the oral 
cancerous and oral precancerous patients may harbor 
species other than C.  albicans. It was observed that the 
most effective antifungal drugs were amphotericin B and 
nystatin and most of the isolated Candida species showed 
high resistance to fluconazole. This finding is in contrast 
with the findings of El‑Kasem et  al.[21] who reported 
resistance to fluconazole in only 13.8% Candida species 
isolates. Fluconazole is fungistatic rather than fungicidal, so 
treatment provides the opportunity for acquired resistance 
to develop in the presence of this antifungal.[22,23]

The limitation of the present study was that no 
quantification of candidal carriage was done based 
upon type and duration of lesions. In the absence of 
clinical manifestations compatible with oral candidiasis, 
a positive culture result for Candida does not mean 
that the patient has oral candidiasis. The importance of 
the clinical diagnosis of the disease therefore must be 
underscored. However, the presence of Candida spp. 
within the precancerous and cancerous lesions indicate 
association with the opportunistic pathogen. Another 
limitation was no analysis of sequential isolates was 
applied longitudinally to monitor C. albicans infection. 
Some studies have suggested that C. albicans isolates 
recovered from oral leukoplakia lesions may be 

Table 2: Strain diversity of candida amongst groups 
using CHROMagar

Candidal species Group Total
Cancerous Precancerous Control

Candida albicans
Count 22 16 0 38
Percentage within 
group

71 100 0 80.9

Candida tropicalis
Count 3 0 0 3
Percentage within 
group

9.7 0 0 6.4

Issatchenkia 
orientalis
Count 6 0 0 6
Percentage within 
group

19.6 0 0 12.8

Total
Count 31 16 0 47
Percentage within 
group

100 100 0 100

Table 3: In vitro susceptibility of antifungal drugs
Antifungal agent Cancerous Precancerous Total P
Fluconazole
Sensitive
Count 2 0 2 0.541
Percentage 6.5 0 4.3

Resistant
Count 29 16 45
Percentage 93.5 100 95.7

Amphotericin B
Sensitive
Count 31 16 47 NA
Percentage 100 100 100

Resistant
Count 0 0 0
Percentage 0 0 0

Nystatin
Sensitive
Count 31 16 47 NA
Percentage 100 100 100

Resistant
Count 0 0 0
Percentage 0 0 0

NA: Not available
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genetically different to those which typically colonize 
the normal oral mucosa.[22] Since it was outside the 
preview of the present study, it could not be verified. 
Furthermore, the oral hygiene status of the patient should 
be taken into account which came as to be the drawback 
of this study; however, according to Darwazeh et al., oral 
hygiene status, as determined by the PI and the GI scores 
per se, does not affect oral candidal colonization in 
dentate patients.[24] Further studies should be taken up to 
continue the research in role of Candida in premalignant 
and malignant disorders of the oral cavity.

Conclusion
Candida species were closely associated with potentially 
malignant and malignant oral lesions with an increase in 
antifungal resistance to antifungal drugs. The frequent 
isolation of various opportunistic infections in patients 
with oral precancer and oral cancer indicates a need for 
effective treatment of various opportunistic infections as 
they can play a definite role in carcinogenesis and can 
lead to progression of the disease to be potentially lethal. 
Furthermore, in light of the present study, the antifungal 
resistance patterns should be taken into account before 
prescribing antifungal drugs.
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