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Abstract:

Introduction: This study aims to identify the frequency and location of fungal infections in
biopsies of oral mucosal lesions. Additionally, the study seeks to determine the specific types of

lesions that are more susceptible to fungal infection.

Materials and Methods: A study was conducted at Saraswati Dhanwantari Dental College and
Hospital, Postgraduate Research Centre, Parbhani, India. The study group comprised patients aged
20-70 years who were clinically suspected of having oral mucosal lesions and were reporting for
the first time with no history of any treatment. A study was conducted on 100 patients with oral

mucosal lesions who visited the dental outpatient department between March 2020 and 2023.

Results: Among 100 patients, carcinomas were the most common mucosal lesions encountered
(55%), followed by dysplastic changes (25%), benign lesions (10%), squamous papilloma (80%),
and oral submucous fibrosis (20%). Buccal mucosa was the most affected anatomic location by
the mucosal lesions (75%), followed by the tongue (15%), gingiva (5%), maxillary tuberosity
(3%), and floor of the mouth (2%). There was a positive association between squamous papilloma
and fungal infection (80%), followed by lesions with dysplastic changes (25%), and carcinomas
(9%). The highest fungal positive association was found in the mucosal lesions over the tongue

(33.34%)), followed by the buccal mucosa (13.34%).
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Conclusion: A recent study has shown that histological methods can efficiently identify fungal

infection even when it might not be visible in clinical diagnosis. This method is considered the

most reliable and quickest way to determine the presence of fungal invasion.
Keywords: Fungal infection, biopsy, oral mucosal lesions, tongue.
Introduction:

The ability to identify and diagnose oral fungal infections is crucial for providing optimal patient
care. In the past, such infections were primarily seen in hospitalised and severely debilitated
patients, but with advancements in medical and pharmaceutical technology, the number of
ambulatory immunosuppressed individuals seeking dental diagnosis and treatment for these
infections has increased. Therefore, dental professionals must be proficient in recognising and

managing these infections '

In the oral cavity, Candida albicans can exist in two forms: yeast and hyphal. This fungus is the
most common commensal and pathological fungus in this area. Oral candidiasis, a prevalent
opportunistic infection in the oral cavity, is caused by the overgrowth of Candida species. It is
generally accepted that the yeast form is the typical morphology in healthy individuals, while the
hyphal form is responsible for pathogenicity . The statement highlights the yeast's proficiency in
occupying various oral surfaces and the multitude of host factors responsible for predisposing to
Candida colonization and consequent infection °. The clinical significance of fungal infections,
especially candidal infections of the oral mucosa, is not yet fully understood. However, candidal
leukoplakia is considered a potentially malignant lesion, and infection may play a vital role in the
development of oral epithelial neoplasia. Although the hyphae do not always breach the

epithelium, they may penetrate the cell membrane and occupy the cytoplasm, leading to either

Eissn: _1303-5150 513 é www.neuroquan tOlOgy.Com


https://neuroquantology.com/media/article_pdfs/Dr._Pranay_Boss-1_tkmd99z.pdf

NeuroQuantology | August 2026 | Volume 24 | Issue 7 | Page 512-531 | doi: 10.48047/nq.2026.24.7. NQ27037
Namrata N Patil / Insights into the Prevalence of Fungal Infections in Biopsies of Oral Mucosal Lesions: A Comprehensive Hospital-Based Study

recognisable clinical entities or subclinical infection, which can only be detected after biopsy and

4. Histological evaluation is a valuable tool for diagnosing fungal

microscopic examination
infections, mainly when used in conjunction with microbiologic culture. The hematoxylin and
eosin (H&E) stain is a versatile stain that can not only evaluate the host response but also identify
naturally pigmented fungi and demonstrate the nuclei of yeast-like cells. Despite its wide usage,
the H&E staining technique's effectiveness in diagnosing fungal infections is constrained by
distinguishing fungi inadequately stained from tissue components, even under high magnification®.
For experts, common special stains including Gomori’s methenamine silver (GMS), Gridley’s
fungus (GF), and periodic acid -Schiff (PAS), can be used to demonstrate most fungi. PAS and
Gomori’s methenamine silver are the most commonly used stains to detect fungi in tissues and
cytology specimens. Compared to silver stains, the PAS stain better demonstrates fungal
morphology. The PAS stain can also detect degenerated fungi that may not be visible on H and E
stains.” Candidal infection is characterized by epithelial hyperplasia, hyperparakeratosis,
superficial microabscess formation, and chronic lamina propria inflammation. Although these
features suggest the presence of fungal infection, thin, hematoxyphilic hyphae can be more easily
visualized using the PAS stain. This stain reacts with the mannan, glucan, and other
polysaccharides found in the fungal hyphal unit. While C. albicans has been extensively studied

in individual lesions, this research aims to determine the frequency of PAS-positive fungal hyphae

in oral mucosal biopsies and which oral mucosal lesions are most susceptible to fungal infection.
Materials and Methods:

A study was conducted at Saraswati Dhanwantari Dental College and Hospital, Postgraduate
Research institute, Parbhani, India after getting approval from the Institutional Ethics Committee

(SDDCH/Admin/1145/2020).
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The study group comprised patients aged 20-70 years who were clinically suspected of having oral

mucosal lesions and were reporting for the first time with no history of any treatment. A study was
conducted on 100 patients with oral mucosal lesions who visited the dental outpatient department
between March 2020 and 2023. The patients were selected using a simple random sampling
technique. To ensure accurate results, a skilled medical professional performed a precise incisional
biopsy with the patient under local anaesthesia. The collected tissue samples will be thoroughly
analysed to provide the most effective course of treatment. To ensure accurate results, a skilled
medical professional performed a precise incisional biopsy with the patient under local
anaesthesia. The collected tissue samples will be thoroughly analysed to provide the most effective
course of treatment. To ensure accurate results, a skilled medical professional performed a precise
incisional biopsy with the patient under local anaesthesia. The collected tissue samples will be
thoroughly analysed to provide the most effective course of treatment. The specimens were fixed
in 10% neutral-buffered formalin and processed. A single section from each sample was subjected
to H and E staining to facilitate the histopathological assessment of the lesion, while an additional
section was stained with PAS stain to identify any potential fungal infections. Although the fungus
was not identified, it was assumed to be a species of Candida, most likely Candida albicans. The

cases were distributed according to the histopathological diagnosis in Table 1.
Statistical analysis

The analysis of the data was carried out using SPSS v15.0 software for statistical analysis. We employed
the Chi-square test to establish a relationship between various variables and fungal positivity. We
determined the significance level by calculating the P-value the probability of chance error. To ensure a

high confidence level at 95%, we deemed a P-value that falls below 0.05 statistically significant.
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Results:

Our study analysed 100 patients and found that the age group most commonly affected by oral
mucosal lesions was 41-50 years (50%), followed by 31-40 years (15%), 51-60 years (20%), 21-
30 years (5%), and >60 years (10%). The highest incidence of oral mucosal lesions among males
(40%) and females (60%). The most frequent type of mucosal lesion encountered was carcinoma
(55%), followed by dysplastic changes (20%), benign lesions (10%), squamous papilloma (5%),
and oral submucous fibrosis (10%). The buccal mucosa was the most frequently impacted
anatomical site, accounting for 75% of cases. The tongue was the second most commonly affected
site at 15%, followed by the gingiva at 5%. The maxillary tuberosity and floor of the mouth were
less frequently affected, with only 3% and 2% of cases, respectively. In mucosal lesions, the
incidence of fungal positivity through PAS staining was 13%. Squamous papilloma showed the
highest association with fungal infection at 80%, followed by lesions with dysplastic changes at
25% and carcinoma at 9%, with P-value <0.001 according to Table 3. Among the various sites of
mucosal lesions tested, the highest percentage of fungal positivity was observed in lesions on the
tongue (33.34%) [Fig 1], followed by the buccal mucosa (13.34%), with P-value >0.05 as shown
in Table 4. Out of the 13 confirmed cases of fungal infection, the majority (7 cases) were observed
in individuals aged 40-50 years. Three cases were detected in the age group of 50-60 years, while
two cases were found in the 30-40 age group. Only one case was reported in individuals aged over
60 years. Of the 13 cases that tested positive for fungal infection, 10 were identified in males, and

only 3 were found in females.
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Discussion:

The Periodic Acid-Schiff (PAS) stain is a reliable and sensitive method for detecting fungal
infections. It is a broad-spectrum fungal stain widely used in clinical laboratories to diagnose
various fungal infections>®. PAS stain is known for its effectiveness in staining fungal structures,
especially the cell walls and other glycogen-rich structures, making it a valuable tool for
pathologists and clinicians who need to identify fungal infections accurately. In this research, the
diagnosis of mucosal lesions was established using H and E stain, while the presence of fungal
infection was determined through PAS stain. Our study discovered that the accuracy of the PAS
stain for detecting mucosal lesions affected by fungal infection was only 13%. This finding is in
line with the research conducted by Spolidorio et al.”. Detection rates for fungal infection in oral
mucosal biopsies using PAS stain were studied and found to be 12.2% in our research. This result
is significantly higher than the detection rates in similar studies by Barrett et al. 4 and Daftary et
al.3, where 5% and 6.8% were found, respectively. Daftary et al.® conducted their study exclusively

for oral leukoplakia cases.

Our study found a significant association between fungal infection and certain types of oral
mucosal lesions, including squamous papilloma, dysplastic lesions, and carcinoma. The detection
rate of fungal infection in squamous papilloma was 80% (4/5), in dysplastic lesions it was 25%
(5/20), and in carcinoma it was 9% (5/55). These findings align with a previous Barrett et al. 4

study that found a significant association between fungal infection and dysplastic lesions.

The discovery of a positive association between squamous papilloma and fungal infection and a
weaker association in carcinoma is a puzzling observation. One possible explanation for the former
is that blastospores transform into hyphae protected within a folded environment. The reduced

association with carcinoma may be due to infected epithelium being destroyed due to ulceration
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and invasion. It is suggested that certain strains of C. albicans and yeasts may play a causal role in

the development of oral cancer by producing endogenous nitrosamine *'°. Although it is not clear
from the current literature whether pathogenic fungi cause epithelial dysplasia or whether the
altered tissue is infected by fungi, some potentially malignant lesions certainly have a higher

frequency of fungal infection than inflammatory lesions with no malignant potential.

Over the years, scientists have conducted several studies to explore the possible link between
fungal infections and oral mucosal lesions, such as leukoplakia and oral lichen planus. The
investigations evaluated the correlation between the two conditions to provide greater insight into
the potential risk factors and contributing factors for developing these conditions. In a study
conducted by Vidas et al.!!, the association of fungal infection with oral leukoplakia was evaluated
with an accuracy of 46.67% (28/60). In 1996, Lipperheide'? and colleagues conducted a study on
35 patients with oral leukoplakia and 34 with oral lichen planus. The study found that the accuracy
rate for diagnosing leukoplakia was 76%, while the accuracy rate for diagnosing lichen planus was
88.2%. In subsequent studies, Dorko'* and Vuckovic'* found a strong correlation between fungal
infection and the presence of oral leukoplakia and oral lichen planus. Specifically, the studies
found that 35.9% (23/64) and 40% (12/30) of individuals with oral leukoplakia and oral lichen
planus tested positive for fungal infection. The current study found 25% (5/20) of dysplastic
lesions, including oral leukoplakia and lichen planus. A strong correlation between the type of
lesion and its likelihood of being infected with fungi was found to be statistically significant at a
95% confidence level with a p-value of less than 0.001. [Table 3]. During our research, we
encountered non-cancerous growths like pyogenic granuloma, fibroma, and fibrous epulis.
However, we found no evidence of fungal infection frequency with PAS stain. In a study by Barrett

et al.%, the accuracy rates for differentiating between benign fibrous overgrowths and pyogenic
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granulomas were analysed. The study reported an accuracy rate of 10.8% (24/223) for benign

fibrous overgrowths and 1.3% (3/223) for pyogenic granulomas. A study by Ariyawardana'® and
colleagues discovered no significant correlation between fungal infection and oral submucous
fibrosis (OSMF) in patients. In our study of OSMF, we observed eight cases, two of which tested
positive for fungal infection. This is consistent with findings from a study by Barrett et al.* who

reported one case of OSMF with fungal infection out of 19 cases.

According to Arendorf and Walker!'®, the tongue's dorsal surface and the buccolabial mucosa are
the most susceptible sites for infection. The results of our study revealed that the tongue had the
highest percentage of fungal positivity (33.34%), followed by the buccolabial mucosa (13.3%).
[Table 4]. Upon statistical evaluation, no significant association between the site of involvement
and fungal positivity was observed (P > 0.05). According to the research conducted by Barrett and
colleagues 4, the highest percentage of fungal positivity was observed in the tongue (17.3%) and
the buccolabial mucosa (17.9%). The hyphal colonisation or positivity on the dorsum of the tongue
can be attributed to the protective nature of the papillary epithelium, which is similar to that

observed in squamous papilloma 7181920,

Conclusion:

Fungal infections of the oral cavity have become a significant cause of human illness. A recent
study has shown that histological methods can efficiently identify fungal infection even when it
might not be visible in clinical diagnosis. This method is considered the most reliable and quickest
way to determine the presence of fungal invasion. The study also found a significant association
between fungal infection, dysplastic lesions, and papilloma, with the tongue and buccal mucosa
being the most commonly affected sites. Therefore, a PAS stain should be performed whenever

epithelial dysplasia is diagnosed on the tongue and buccal mucosa. Additionally, antifungal
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therapy should be considered in the management of these lesions once dysplasia is confirmed

through histological analysis.
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Tables:

Table 1: The categorisation of specimens based on their histopathological diagnosis is the subject

of distribution analysis.

Histopathological diagnosis Description % of samples

Carcinoma (CA) Squamous cell CA, well to 55
moderately differentiated CA,
verrucous CA,

mucoepidermoid CA

Lesions with dysplastic Leukoplakia, lichen planus 20
changes
Benign lesions Pyogenic granuloma, 10

fibroma, fibrous epulis

Squamous papilloma 05

Oral submucous fibrosis 10
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Table 2: Gender and Age distribution

Features Cases Percentage
Gender
Male 40 40
Female 60 60
Age
0-10 - -
11-20 - -
21-30 05 05
31-40 15 15
41-50 50 50
51-60 20 20
> 60 10 10
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Table 3: The following data presents the distribution of different types of oral mucosal lesions and

fungal infection. The percentages have been calculated on a row-wise basis for your convenience.

Site Negative (n = 87) Positive (n = 13)
No % No %
Carcinoma 50 91 05 09
Lesions with dysplastic 15 75 05 25
changes
Benign lesions 10 100 - -
Squamous papilloma 01 20 04 80
Oral submucous fibrosis 08 80 02 20
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Table 4: The following data displays the site of oral mucosal lesions and fungal infection

percentages, calculated row-wise.

Site Negative (n = 87) Positive (n=13)

No % No %
Buccal mucosa 65 86.66 | 10 13.34
Tongue 10 66.66 | 05 33.34
Gingiva 05 100 0 0
Maxillary tuberosity 03 100 0 0
Floor of mouth 02 100 0 0

Fig 1: Histopathological image shows Oral Candidiasis
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The invasion of Candida can be observed in the epithelial tissue

Abbreviations:
Abbreviation Definition
CA Carcinoma
OSMF Oral submucous fibrosis
Legends:
Figure:

Fig 1: Histopathological image shows Oral Candidiasis. The invasion of Candida can be observed

in the epithelial tissue.

Tables:
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Table 1: The categorisation of specimens based on their histopathological diagnosis is the subject

of distribution analysis.
Table 2: Gender and Age distribution

Table 3: The following data presents the distribution of different types of oral mucosal lesions and

fungal infection. The percentages have been calculated on a row-wise basis for your convenience.

Table 4: The following data displays the site of oral mucosal lesions and fungal infection

percentages, calculated row-wise.
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