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ABSTRACT
Fungi, both yeasts and filamentous types, can cause infection of different sites in the oral cavity like
buccal mucosa, gingiva and tongue. They are also components of the normal oral microbiota. In
specific settings like denture usage, immunodeficiency due to HIV infection and inhalational steroid
therapy, fungi, especially yeasts can affect different sites of the oral cavity producing different types of
lesions. Studying these infections is important since they might lead to complications if left untreated
and usually respond quite favourably to correct and timely antifungal treatment.
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INTRODUCTION

Fungi are eukaryotic unicellular or multicellular
organisms producing various infections in man®.
Infections of the different structures in oral cavity
can be caused by bacteria, viruses and fungi‘®?.
Different practices like wearing dentures,
cigarette smoking and immunosuppressive
conditions like HIV infection and inhalational
steroid use predispose individuals to oral
infection by fungi®. These infections are
produced predominantly by yeasts belonging to
Candida spp., although yeasts belonging to other
genera as well as filamentous fungi can also
cause these infections®. Hence studying these
infections is very important for proper
understanding of pathogenesis and treatment.
Studies aimed at reviewing the clinical features,
pathogenesis and complications of oral infections
by fungi are not many in number,
notwithstanding the fact that this entity is often
encountered in the clinical setting. So we
attempted to summarise fungal infections of the
oral cavity in a lucid and scientific manner.
Scientific literature search was carried out from
various indexed journals, national and
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international in order to collect material for the
article and summarise existing knowledge of the
oral mycoses.

Normal microbial flora of the oral cavity

The oral cavity abounds in a plethora of different
microorganism like bacteria and fungi that
colonise or coat the different structures in the oral
cavity. Bacteria like oral streptococci and
Hemophilus spp. commonly colonise the mouth
cavity of healthy subjects®. Candida spp. also
constitute the microflora of approximately 25-
40% of normal subjects”. Colonisation by
Candida spp. increases significantly in settings
like poor oral hygiene, old age, wearing dentures
and inhalational steroid use®*!**), These factors
increase the risk of developing subsequent oral
candidiasis.

Risk factors and how they predispose to oral
fungal infections

Cigarette smoking

Smoking is a known predisposing factor for
development of oral candidiasis. It has been
documented in-vitro by researchers that candidal
adhesion and expression of virulence factors like
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aspartyl protease expression are enhanced in
presence of cigarette smoking concentrate™?.

Dry mouth

Dry mouth or xerostomia can be found in
Sjogren’s syndrome, HIV infection and intake of
certain drugs. These factors lead to impaired
saliva production and consequent loss of
protective lactoferrin, antibodies and Histidine-
rich protein, leading to increased colonisation and
infection with Candida spp**?.

Inhalational steroid and broad-spectrum
antimicrobial use

It has been shown in several studies that use of
inhalational ~ steroids and  broad-spectrum
antibiotics alter the normal bacterial flora of the
mouth cavity and results in overgrowth of
Candida spp. by removing competition for
growth™,

Extremes of age

In extremes of age, mounting a robust protective
local immune response against yeast pathogens
becomes very difficult. This results in yeast
overgrowth and infection®®.

Wearing of dentures

The acrylic in denture material along with its
surface irregularities promotes adhesion and
colonisation by Candida spp. on oral cavity™.
Besides, dentures lead to irritation of the oral
mucosal lining and loss of epithelium, due to
which there is prompt colonisation with Candida
spp.®©.

HIV infection

Oral candidiasis is very commonly encountered
in HIV infection. In fact, in this context it has
been found that oral candidiasis is the commonest
oral lesion in HIV infected patients. These lesions
are significantly associated with a CD4 T cell
count of less than 200/pI®",

Diabetes mellitus

Uncontrolled diabetes mellitus can predispose to
oral candidiasis. Candidiasis is found more in
diabetics due to several factors like poor
glycemic control, usage of broad-spectrum
antibiotics and reduced flow of saliva®®.
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Zygomyecosis is also frequently encountered in

this group of patients, contributing factors being

hyperglycemia and ketoacidosis, the latter
culminating in impaired neutrophil functiont.

Agents causing fungal infections of the oral

mucosa

a. Other than Candida spp., which is the
principal aetiological agent of oral candidiasis,
other  fungi  like  Blastomyces  spp.,
Histoplasma capsulatum and Cryptococcus
neoformans can also cause oral disease, as a
part of disseminated fungal infection‘®.

b. Histoplasmosis, caused by Histoplasma
capsulatum, a dimorphic fungus, can produce
verrucous or granulomatous lesions (indurated
and painful ulcer) in any area of the mouth,
especially tongue, gingiva or palate, usually as
a component of systemic infection, although
primary  affection has also  been
documented®.

c. Aspergillus spp. have been implicated in
sinusitis and further extension into the oral
cavity can cause involvement of the hard
palate, resulting in manifestations like
loosening of teeth. Oral aspergillosis has been
graded from Grade | to Grade V according to
severity®@?.

d. Similarly mucormycosis can extend into the
oral cavity from Maxilla and nasal sinuses,
manifesting mainly as spreading sinusitis or
facial cellulitis with palatal ulcer®. Rhizopus
spp. is the principal agent associated with this
disease entity, and the jaw is almost always
involved®,

e. Rarely fungi, previously considered as
saprophytes, e.g. Rhodotorula spp. can cause
infection of the oral mucosa, usually in the
immunocompromised host (HIV infected
patient)®.

Agents causing infection of the periodontal

tissue

Gingiva can be affected in oral candidiasis, risk

factors being the same as enumerated before.
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Histoplasma capsulatum , a dimorphic fungal
pathogen, can also involve the gingiva, initially
producing plaque-like lesions that usually
ulcerate later. It is usually associated with
disseminated infection in about 66% cases®.
There is one report of Job’s syndrome (primary
immunodeficiency along with eczema, recurrent
skin and lung infections, elevated serum IgE, and
connective tissue and skeletal abnormalities),
presenting with gingival infection with Candida
albicans®”.

Fungi and progression of dental caries
According to recent research, Candida spp. have
got a possible role in precipitating dental caries.
They can break down dietary carbohydrates to
from organic acids which help in the tooth decay.
Besides, Candida spp. have the potential of
breaking down collagen of teeth by expressing
the protein collagenase®®®.

Clinical features

Oral  candidiasis usually  manifests  as
pseudomembranous, white patchy lesions (oral
thrush) distributed over buccal mucosa in HIV
infected patients. The lesions often show
erythematous raw areas when the plaques are
removed manually. Other types of lesions
described are atrophic in old patients and those
using dentures, chronic hyperplastic in HIV
infected patients and angular chelitis at angles of
mouth®. There is also a strong association
between oral candidiasis and Median rhomboid
glossitis, a lesion characterised by central
papillary atrophy, found in the midline of dorsum
of tongue'®.

Oral  aspergillosis  often  presents  with
granulomatous affection with late central necrosis
of the hard palate, while the typical picture in oral
zygomycosis is facial cellulitis with late palatal
perforation. In oral zygomycosis, there may be
bone destruction, oro-antral fistula and
characteristic redness and hyperplasia of the

gingiva, called “strawberry tongue” @39,
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Complications of oral mycoses

The chronic hyperplastic variant of oral
candidiasis(CHC), typified by parakeratinisation
of epithelium and found exclusively in HIV-
infected patients, carries a risk of malignant
transformation. In studies it has been observed
that the risk of developing oral squamous cell
carcinoma is about 60-66% when left untreated
and minimal when treated early with antifungal
agents®. High-risk groups like patients suffering
from End-stage renal disease are at risk of
developing invasive fungal infections from Oral
fungal infections (OF1)®?,

PATHOGENESIS
Candida spp. have several virulence factors like
adhesins of HWP (Hyphal wall protein) family
which are essentially glycoprotein in nature,
besides possessing secreted aspartyl
proteases(SAPs) that can damage host tissues.
This pathogen can show phenotypic switching or
conversion to hyphal stage from yeast stage in
tissues, and can also form structured multilayered
yeast communities called biofilms which make
them immune from host defenses and antifungal
drugs administered. This type of biofilm
formation has most  consistently  been
demonstrated over dentures made up of
Polymethylacrylate®”.
On the other hand, zygomycetes like Rhizopus
spp., causing mucromycosis ,can bind to collagen
of blood vessels and induce self-phagocytosis by
endothelial cells. Hence the angioinvasive nature
of these pathogens. They can also metabolise
heme of Red Blood corpuscles (RBCs)®.
Laboratory diagnosis of oral mycoses
a) Direct Microscopy: Direct smear prepared
with 10% KOH showing budding yeasts and
hyphae along with leucocytes indicates oral
infection by fungi. Staining with PAS
(Periodic Acid Schiff) and GMS (Gomori’s
Methenamine Silver) can show yeasts and
hyphae in smear and tissue sections.
Fluorescent microscopy after staining with

Page 85



Sayan Bhattacharyyaetal FUNGAL INFECTIONS OF THE ORAL CAVITY

optical brighteners like Calcofluor white is a
faster method since the dye binds with chitin
of fungal cell wall®®.

b) Biopsy: Biopsy is an adjunct to microscopy
in diagnosis of oral mycoses and is also
useful in investigating correlation of
infection with diseases like median
rhomboid glossitis and oral dysplasia®”.

c) Culture: Candida spp. can be commonly
recovered by culture from oral mucosal

lesions on Saboraud’s Dextrose agar®.

TREATMENT

Treatment can be instituted with polyenes like
topical Amphotericin B or Nystatin oral
suspension. Among triazoles, Clotrimazole troche
can also be administered®®. Only Chlorhexidine
mouth wash has also been demonstrated to be
very effective. However Nystatin should not be
combined with Chlorhexidine gluconate since
they mutually inhibit each others’ actions because
of the formation of a low- solubility
chlorhexidine-nystatin salt“?.

Oral mucormycosis and aspergillosis are best
treated with timely surgical debridement along
with antifungal medication with Amphotericin B,
either conventional (deoxycholate) or liposomal,
the latter having a better safety profile®#2*3,
DISCUSSION

Oral affection by various fungi tend to produce
diverse clinical manifestations and their resultant
complications. Therefore more studies are
required in this subject to elucidate the etiology
and pathogenesis of different oral mycoses as
well as newer options for prompt diagnosis and
treatment.

CONCLUSION

Oral mycosis is a less reported and discussed
entity which is often encountered in clinical and
laboratory practice. Further studies are required
in this regard to understand its full aetiology,
pathogenesis and clinical importance so that
patients suffering from oral mycoses are
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benefited and clinicians are fully abreast with the
intricacies of the disease.

ACKNOWLEDGEMENT

Authors acknowledge the great help received
from the scholars whose articles have been cited
and included in references of this manuscript.
The authors are also grateful to authors /editors
/publishers of all those articles, journals and
books from where the literature for this article
has been reviewed and discussed. Authors are
grateful to IJCRR editorial board members and
IJCRR team of reviewers who have helped to
bring quality to this manuscript...

REFERENCES

1. The Eukaryotes: Fungi, Algae, & Protozoa
(Chapter 12) Lecture Materials. For Amy
Warenda Czura, Ph.D. Suffolk County
Community College.

2. Groessner-Schreiber B, Hannig M, Duck A,
Griepentrog M, Wenderoth DF. Do different
implant surfaces exposed in the oral cavity of
humans show different biofilm compositions
and activities? Eur J Oral Sci 2004; 112:
516-522.

3. Slots J. Oral viral infections of adults.
Periodontology 2000, Vol. 49, 2009: 60-86.

4, Torres SR, Peixoto CB, Caldas DM, Silva
EB, Magalhaes FAC, Uzeda M, Nucci M.
Clinical aspects of Candida species carriage
in saliva of xerostomic subjects. Medical
Mycology October 2003; 41: 411-415.

5. Epstein JB, Silverman S, Fleischmann J. Oral
Fungal Infections. In Silverman S.
Essentials of Oral Medicine. p 170-171.
2001. BC Decker Inc. Hamilton , London.

6. Bik EM, Long CD, Armitage GC, Loomer P,
Emerson J, Mongodin EF et al. Bacterial
diversity in the oral cavity of ten healthy
individuals. ISME J 2010;4(8): 962-74.

7. Nejad BS, Rafiei A, Moosanejad F.
Prevalence of Candida species in the oral
cavity of patients with periodontitis. African

Page 86



Sayan Bhattacharyyaet al

FUNGAL INFECTIONS OF THE ORAL CAVITY

10.

11.

12.

13.

14.

15.

16.

Journal of Biotechnology;
2990.

Grimoud AM, Marty N, Bocquet H, Andrieu
S, Lodter JP, Chabanon G. Colonization of
the oral cavity by Candida species :risk
factors in long-term geriatric care. Journal of
Oral Science 2003;45(1): 51-55.

Malani AN, Psarros G, Malani PN, Kauffman
CA. Is age a risk factor for Candida glabrata
colonisation? Mycoses 2011;54: 531-537.
Godara N, Godara R, Khullar M. Impact of
inhalation therapy on oral health. Lung
India. 2011 ; 28(4): 272-275.
Budtz-Jorgensen E. Ecology of Candida-
associated Denture Stomatitis. Microbial
Ecology in Health and Disease 2000; 12:
170-185.

Baboni FB, Barp D, lzidoro AC,
Samaranayeke LP, Rosa EA. Enhancement of
Candida albicans virulence after exposition to
cigarette mainstream smoke. Mycopathologia
2009;168(5):227-35.

Akpan A, Morgan R. Oral candidiasis.
Postgrad Med J 2002;78:455-459.

Mclntyre GT. Oral Candidosis. Dent Update
2001; 28:132-139.

Lotfi-Kamran MH, Jafari AA, Falah-Tafti A,
Tavakoli E, Falahzadeh MH. Candida
Colonization on the Denture of Diabetic and
Non-diabetic  Patients. Dental Research
Journal 2009; 6(1):23-27.

Candida - associated denture stomatitis .
Aetiology and

10(15): 2987-

management : A review. Part 2. Oral diseases

caused by Candida species. Australian

Dental

Journal 1998;43:(3):160-66.

17.

18.

Bodhade AS, Ganvir SM, Hazarey VK.Oral
manifestations of HIV infection and their
correlation with CD4 count. Journal of Oral
Science 2011;53(2):203-211.

Al-Maskari AY, Al-Maskari MY, Al-Sudairy
S. Oral Manifestations and Complications of
Diabetes Mellitus: a review. Sultan Qaboos
Univ Med J 2011 11(2): 179-186.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Int ] Cur Res Rev, June 2013/ Vol 05 (12)

Page 87

Toshniwal OPD, Ravi Prakash SM, Gill N,
Verma S. Mucormycosis and myiasis in
Uncontrolled diabetes: A double whammy.
Journal of Indian Academy of Oral Medicine
and Radiology 2011;23(2):132-35.

Krishnan PA. Fungal infections of the oral
mucosa. Indian Journal of Dental Research
2012;23(5): 650-59.

Durso SC. Oral Manifestations of Disease
In:  Longo, Fauci, Hauser, Jameson,
Loscalzo, editors. Harrison’s Principles of
Internal Medicine.18" edition 2012.pp.268.
Tata McGraw Hill. New York.

Myoken Y, Sugata T, Kyo TJ , Fujihara M.
Pathological features of invasive aspergillosis
in patients with haematological malignancies.
Journal of Oral and Maxillofacial Surgery
1996;54(3):263-70.

Doni BR, Peerapur BV, Thotappa LV,
Hippargi SB. Sequence of oral manifestations
in rhino-maxillary mucormycosis. Ind J Dent
Res 2011;22(2):331-35.

Hingad N, Kumar G, Deshmukh R. Oral
Mucormycosis Causing Necrotizing Lesion
in a Diabetic Patient: A Case Report.
International Journal of Oral & Maxillofacial
Pathology 2012;3(3):08-12.

Kaur R, Wadhwa A, Agarwal SK.
Rhodotorula mucilaginosa: an unusual cause
of oral ulcers in AIDS patients. AIDS
2007;21(8): 1068-69.

Bascones-Martinez A, Criado-Camara E,
Bascones-llundain C, Herrera SA, Bascones-
llundain J.  Etiology of  Gingivitis.
www.intechopen.com.

Deepa D, Arun Kumar KV, Joshi CS, Kumar
S, Pandey A. Fungal infection of gingiva in a
patient with hyperimmunoglobulin-E (Job's)
syndrome.

Lai G, Li M. The possible role of Candida
albicans in progression of dental caries.
International Research Journal of
Microbiology 2011;2(12): 504-506.




Sayan Bhattacharyyaet al

FUNGAL INFECTIONS OF THE ORAL CAVITY

29.

30.

31.

32.

33.

34.

35.

36.

Goregon M, Miloglu O, Buyukkurt MC,
Caglayan F, Aktas AE. Median Rhomboid
Glossitis: A Clinical and Microbiological
Study. Eur J Dent 2011;5(4): 367-72.

Fugqua TH, Sittitavornwong S, Primary
Invasive Oral Aspergillosis: An Updated
Literature Review. J Oral Maxillofac Surg
2010;68: 2557-63.

Auluck A.  Maxillary  necrosis by
mucormycosis. A case report and literature
review. Med

Oral Patol Oral Cir Bucal 2007;12:E360-4.
Mohd. Bakri M et al.Revisiting the
association between candidal infection and
carcinoma, particularly oral squamous cell
carcinoma. J Oral Microbiol. 2010; 2:
10.3402/jom.v2i0.5780.

Thorman R, Neovius M, Hylander B.
Prevalence and early detection of oral fungal
infection: a cross-sectional controlled study
in a group of Swedish end-stage renal disease
patients. Scand ] Urol Nephrol
2009;43(4):325-30.

Williams D, Lewis M. Pathogenesis and
treatment of oral candidosis. Journal of Oral
Microbiology 2011, 3: 5771-82.

Ibrahim AS, Spellberg B, Walsh TJ,
Kontoyiannis P. Pathogenesis of
mucormycosis. Clin Inf Dis 2012;54:S16-
S22.

Olsen A, Stenderup A. Clinical-mycologic
diagnosis of oral yeast infections. Acta
Odontol Scand 1990;48(1):11-18.

37.

38.

39.

40.

41.

42.

43.

Int ] Cur Res Rev, June 2013/ Vol 05 (12)

Page 88

Barrett AW, Kingsmill \VVJ, Speight PM. The
frequency of fungal infection in biopsies of
oral mucosal lesions. Oral Dis 1998;4(1):26-
31.

Meurman JH, Siikala E, Richardson M,
Rautema R. Non-Candida albicans Candida
yeasts of the oral cavity. In: Méndez-Vilas A,
ed . Communicating Current Research and
Educational Topics and Trends in Applied
Microbiology.: 720-31.

Treatment of Oral Fungal Infections In
Denture Wearers. A guide for nursing home
caregivers. www.saiddent.com.

Barkyoll P, Attramadal A. Effect of nystatin
and chlorhexidine digluconate on Candida
albicans. Oral Surg Oral Med Oral Pathol
1989 ;67(3):279-81.

McDermott NE, Barrett J, Hipp J, Merino
MJ, Richard Lee CC, Waterman P, Domingo
DL, Walsh TJ. Successful treatment of
periodontal mucormycosis: report of a case
and literature review. Oral Med Oral Surg
Oralk Pathol Oral Radiol Endod 2010;109(3):
€64-69.

Denning DW. Oral
www.aspergillus.org.uk
Sun HY, Singh N. Mucormycosis: its
contemporary  face and  management
strategies. Lancet Infect Dis 2011;11:301-11.

Aspergillosis.



http://www.saiddent.com/
http://www.ncbi.nlm.nih.gov/pubmed?term=McDermott%20NE%5BAuthor%5D&cauthor=true&cauthor_uid=20219588
http://www.ncbi.nlm.nih.gov/pubmed?term=Barrett%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20219588
http://www.ncbi.nlm.nih.gov/pubmed?term=Hipp%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20219588
http://www.ncbi.nlm.nih.gov/pubmed?term=Merino%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=20219588
http://www.ncbi.nlm.nih.gov/pubmed?term=Merino%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=20219588
http://www.ncbi.nlm.nih.gov/pubmed?term=Merino%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=20219588
http://www.ncbi.nlm.nih.gov/pubmed?term=Richard%20Lee%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=20219588
http://www.ncbi.nlm.nih.gov/pubmed?term=Waterman%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20219588
http://www.ncbi.nlm.nih.gov/pubmed?term=Domingo%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=20219588
http://www.ncbi.nlm.nih.gov/pubmed?term=Domingo%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=20219588
http://www.ncbi.nlm.nih.gov/pubmed?term=Domingo%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=20219588
http://www.ncbi.nlm.nih.gov/pubmed?term=Walsh%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=20219588
http://www.aspergillus.org.uk/

