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ABSTRACT
Teeth and oral cavity harbor diverse community of fungi and bacteria.

Little is known about fungal community of oral cavity, teeth and gingiva. In
this study, fungal diversity in various sites was evaluated using Sabouraud
dextrose agar (SDA). Sixty swabs samples from patients suffering from
gingivitis, periodontitis and dental caries in addition to healthy persons as
control (15 each) were collected for fungal analyses. Thirteen fungal species
related to 7 genera were isolated and identified. To the best of our
knowledge, Candida ciferrii and Cryptococcus laurentii were recorded for
the first time from the oral cavity in the current study. There is a highly
significant variation in the frequency of Aspergillus niger and Candida
ciferrii among isolated fungi. Screening of the yeast isolates for extra-cellular
enzymes production resulted in 47.2% (34 out of 72 isolates) of the tested
isolates showed positive lipolytic activities with varying capabilities; whereas
41 isolates (56.9%) were positive protease producers. Also, the antimicrobial
activity of some toothpastes, mouth washes, natural oils and pharmaceutical
preparations against yeast species were performed. Among the tested

substances, Paradontax, Hexitol and Clove oil showed the best antimicrobial
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activity against the tested yeast isolates. The minimum inhibition
concentration (MICs) of Hexitol was high compared to Paradontax and Clove
oil. This study provided clear image about fungal content in mouth, teeth and
gingiva, the relation of these fungi in case of health or disease was also

discussed.

INTRODUCTION

Oral microbiota is one of the most complex and diverse microbial ecosystems
within the human body [1]. It has several appropriate niches for many microorganisms, as
it is humid, warm, and nutrient-rich environment. These niches include the tongue,
cheeks, palate, tonsils, gingival pockets, teeth, and saliva that enable the coexistence of
numerous microorganisms within the complex and protecting structure forming a biofilm.
The oral cavity is inhabited by more than 700 microbial species and many intrinsic and
extrinsic factors affect the composition, metabolic activity and pathogenicity of the
highly diverse microbiota [2]. The colonization of the oral cavity by fungi starts during
childbirth [3] and progresses with age [4]. The majority of the oral adult mycobiome
composition represents the phylum Ascomycota, Basidiomycota, Glomeromycota and
Mucoromycota. These four groups include approximately 81 genera and 101 species of
fungi [5, 6]. The most common representatives of the basal oral mycobiome originate
from the phylum Ascomycota, namely the yeast-like genus Candida [5, 7-9].The less
prevalent yeasts that have been reported are Aureobasidium, Saccharomyces and Pichia
[7, 10, 11]. Some of the identified filamentous micromycetes are genera Penicillium,
Cladosporium, Aspergillus and Alternaria [5, 7-9]. Some studies showed that airborne
fungal genera such as Phoma and Epicoccum, whose spores could be inhaled by the
study participants without the subsequent colonization of the oral cavity [7, 12].
Basidiomycota representatives by Rhodotorula, Malassezia and Cryptococcus. Minor
relative abundances of other representatives are rarely reported [5, 7, 12].

Numerous studies have suggested a possible role of the genus Candida, the
common isolated genus, in oral dysbiosis. This genus can participate in biofilm structure

and function. It is able to form dentinal tubules and bind to denatured collagen and
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secrete aspartyl proteases, resulting in the demineralization and dissolution of the dental
hard tissues [13]. Teeth are composed of enamel, pulp—dentine complex, and cementum.
Enamel has little or no collagen, and its organic matrix is made up of noncollagenous
protein [14].The inorganic component of these hard tissues consists of biological apatite,
Cay9(PO4)6(OH), also known as calcium phosphate, and is naturally occurring mineral
that’s make up over 90% of our tooth enamel. Under normal conditions there is a stable
equilibrium between Calcium and phosphate ions in saliva and the crystalline
hydroxyapatite. When PH drops below a critical level (PH=5.5), it causes the dissolution
of tooth mineral (hydroxyapatite)[15] due to the production of acid by oral
microorganisms. The acidic environment may result from metabolic end products of
dental plaque, usually organic acids produced through the fermentation of carbohydrates
[16]. Dental plaque is the result of a large number of interactions between
microorganisms that are present in the oral biofilm on the tooth surface [17]. Candida
species are common colonizers of mucosal surfaces in oral cavity [18] and they are
capable to adhere to tooth surfaces, participate in biofilm formation and proceede to
carbohydrate fermentation. Candida possesses adhesive and proteolytic properties that
are fundamental for dentinal caries progression. The adherence and dissociation of
Candida albicans hydroxylapatite (HAP), which exhibit various hydrophobicity, was
study by Nikawa et al. [19]. It was showed that the adherence between the yeast and HAP
was extraordinary high [19, 20]. This association was effectively removed by high
concentration of either phosphate or calcium ions, suggesting that either electrostatic
interactions or ionic bonds between proteinaceous components of fungal cell wall and
HAP may play an important role in tooth demineralization. Candida is dependent on high
concentration of dietary sugars to produce acid [21], which leads to the dissolution of
hydroxyapatite crystals in enamel and dentin. The C. albicans enzyme degraded both the
native acid-soluble collagen and the insoluble dentinal collagen [22, 23] . It was though
that the yeast may utilize the dentinal structure. which could help to promote the carious
process in dentin [24]. The abundance of C. albicans and C. dubliniensis correlated with
dental caries in early childhood, indicating that C. dubliniensis could be implicated in
disease pathogenesis [25]. A higher abundance of C. glabrata resulted in tongue

infections and the interactions between C. glabrata and hyphae of C. albicans established
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oropharyngeal candidiasis [26]. Other etiological agents of oropharyngeal candidiasis are
C. parapsilosis, C. tropicalis and C. krusei [26]. Despite the widespread use of oral
hygiene products, the periodontal disease remains one of the most common diseases
affecting adults and children [27]. Supragingival microbes are responsible for the mild
course of gingivitis, and root caries disease. Subgingival microbial species accelerate the
destruction of the tissues that support the teeth and might cause severe periodontitis [28].
Periodontitis is a chronic inflammatory disease that is triggered by bacteria in the oral
cavity. As inflammation persists, periodontal tissues such as gingiva, periodontal
ligament, cementum, and alveolar bone are destroyed. Periodontal tissues have an
immune system against the invasion of these bacteria, however, due to the persistent
infection by periodontopathogenic bacteria, the host innate and acquired immunity is
impaired, and tissue destruction, including bone tissue destruction, occurs. Osteoclasts
are essential for bone destruction. Osteoclast progenitor cells derived from hematopoietic
stem cells differentiate into osteoclasts. In addition, bone loss occurs when bone
resorption by osteoclasts exceeds bone formation by osteoblasts [29]. Gingivitis is a
common and mild form of gum disease (periodontal disease) that causes irritation,
redness and swelling (inflammation). Periodontitis is a severe gum infection that can lead
to tooth loss and other serious health complications [30]. Yeasts can be expected to be
present in periodontal pockets in one out of 6 periodontal patients independent of gender
and age [31].

Most previous studies on periodontal diseases have limited their focus to the oral
bacteriome and few have indicated a possible role of the fungal microbiome. Thus, this
work was aimed to study oral Mycobiota in healthy and diseased (gingivitis, periodontitis
and dental caries) individuals and to test the sensitivity of some isolated oral mycobiota
to some pharmaceutical preparations and natural oils. The capability of the isolated fungi
for lipase and protease enzymes was also assessed in addition to discuss the relationship

of these microorganisms in health and disease.

Oral microbiota is one of the most complex and diverse microbial ecosystems
within the human body [1]. It has several appropriate niches for many microorganisms, as

it is humid, warm, and nutrient-rich environment. These niches include the tongue,
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cheeks, palate, tonsils, gingival pockets, teeth, and saliva that enable the coexistence of
numerous microorganisms within the complex and protecting structure forming a biofilm.
The oral cavity is inhabited by more than 700 microbial species and many intrinsic and
extrinsic factors affect the composition, metabolic activity and pathogenicity of the
highly diverse microbiota [2]. The colonization of the oral cavity by fungi starts during
childbirth [3] and progresses with age [4]. The majority of the oral adult mycobiome
composition represents the phylum Ascomycota, Basidiomycota, Glomeromycota and
Mucoromycota. These four groups include approximately 81 genera and 101 species of
fungi [5, 6]. The most common representatives of the basal oral mycobiome originate
from the phylum Ascomycota, namely the yeast-like genus Candida [5, 7-9].The less
prevalent yeasts that have been reported are Aureobasidium, Saccharomyces and Pichia
[7, 10, 11]. Some of the identified filamentous micromycetes are genera Penicillium,
Cladosporium, Aspergillus and Alternaria [5, 7-9]. Some studies showed that airborne
fungal genera such as Phoma and Epicoccum, whose spores could be inhaled by the
study participants without the subsequent colonization of the oral cavity [7, 12].
Basidiomycota representatives by Rhodotorula, Malassezia and Cryptococcus. Minor

relative abundances of other representatives are rarely reported [5, 7, 12].

Numerous studies have suggested a possible role of the genus Candida, the
common isolated genus, in oral dysbiosis. This genus can participate in biofilm structure
and function. It is able to form dentinal tubules and bind to denatured collagen and
secrete aspartyl proteases, resulting in the demineralization and dissolution of the dental
hard tissues [13]. Teeth are composed of enamel, pulp—dentine complex, and cementum.
Enamel has little or no collagen, and its organic matrix is made up of noncollagenous
protein [14].The inorganic component of these hard tissues consists of biological apatite,
Cayo(PO4)6(OH), also known as calcium phosphate, and is naturally occurring mineral
that’s make up over 90% of our tooth enamel. Under normal conditions there is a stable
equilibrium between Calcium and phosphate ions in saliva and the crystalline
hydroxyapatite. When PH drops below a critical level (PH=5.5), it causes the dissolution
of tooth mineral (hydroxyapatite)[15] due to the production of acid by oral
microorganisms. The acidic environment may result from metabolic end products of

dental plaque, usually organic acids produced through the fermentation of carbohydrates
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[16]. Dental plaque is the result of a large number of interactions between
microorganisms that are present in the oral biofilm on the tooth surface [17]. Candida
species are common colonizers of mucosal surfaces in oral cavity [18] and they are
capable to adhere to tooth surfaces, participate in biofilm formation and proceede to
carbohydrate fermentation. Candida possesses adhesive and proteolytic properties that
are fundamental for dentinal caries progression. The adherence and dissociation of
Candida albicans hydroxylapatite (HAP), which exhibit various hydrophobicity, was
study by Nikawa et al. [19]. It was showed that the adherence between the yeast and HAP
was extraordinary high [19, 20]. This association was effectively removed by high
concentration of either phosphate or calcium ions, suggesting that either electrostatic
interactions or ionic bonds between proteinaceous components of fungal cell wall and
HAP may play an important role in tooth demineralization. Candida is dependent on high
concentration of dietary sugars to produce acid [21], which leads to the dissolution of
hydroxyapatite crystals in enamel and dentin. The C. albicans enzyme degraded both the
native acid-soluble collagen and the insoluble dentinal collagen [22, 23] . It was though
that the yeast may utilize the dentinal structure. which could help to promote the carious
process in dentin [24]. The abundance of C. albicans and C. dubliniensis correlated with
dental caries in early childhood, indicating that C. dubliniensis could be implicated in
disease pathogenesis [25]. A higher abundance of C. glabrata resulted in tongue
infections and the interactions between C. glabrata and hyphae of C. albicans established
oropharyngeal candidiasis [26]. Other etiological agents of oropharyngeal candidiasis are
C. parapsilosis, C. tropicalis and C. krusei [26]. Despite the widespread use of oral
hygiene products, the periodontal disease remains one of the most common diseases
affecting adults and children [27]. Supragingival microbes are responsible for the mild
course of gingivitis, and root caries disease. Subgingival microbial species accelerate the
destruction of the tissues that support the teeth and might cause severe periodontitis [28].
Periodontitis is a chronic inflammatory disease that is triggered by bacteria in the oral
cavity. As inflammation persists, periodontal tissues such as gingiva, periodontal
ligament, cementum, and alveolar bone are destroyed. Periodontal tissues have an
immune system against the invasion of these bacteria, however, due to the persistent

infection by periodontopathogenic bacteria, the host innate and acquired immunity is



Mycobiota associated with teeth and oral cavity and their relevant to dental and periodontal diseases 201

impaired, and tissue destruction, including bone tissue destruction, occurs. Osteoclasts
are essential for bone destruction. Osteoclast progenitor cells derived from hematopoietic
stem cells differentiate into osteoclasts. In addition, bone loss occurs when bone
resorption by osteoclasts exceeds bone formation by osteoblasts [29]. Gingivitis is a
common and mild form of gum disease (periodontal disease) that causes irritation,
redness and swelling (inflammation). Periodontitis is a severe gum infection that can lead
to tooth loss and other serious health complications [30]. Yeasts can be expected to be
present in periodontal pockets in one out of 6 periodontal patients independent of gender
and age [31].

Most previous studies on periodontal diseases have limited their focus to the oral
bacteriome and few have indicated a possible role of the fungal microbiome. Thus, this
work was aimed to study oral Mycobiota in healthy and diseased (gingivitis, periodontitis
and dental caries) individuals and to test the sensitivity of some isolated oral mycobiota
to some pharmaceutical preparations and natural oils. The capability of the isolated fungi
for lipase and protease enzymes was also assessed in addition to discuss the relationship

of these microorganisms in health and disease.

MATERIALS AND METHODS

1. Collection of samples

This study was carried out on 60 cases of both sexes from the out-patient clinic,
Oral Medicine and Periodontology Department, Faculty of Dentistry, Al-Azhar
University, Assiut, Egypt. These cases were classified into 4 groups, healthy, gingivitis,
periodontitis and dental caries (15 samples each). The samples were collected by
sterilized swabs from tooth, gingiva, tongue, saliva for each case and transferred
immediately to the Mycological lab for fungal analysis. A medical history was taken for

the cases if they are suffering from chronic diseases or smokers
2. Mycological analysis of the samples

The collected swabs were cultured by streaking on the surface of Sabouraud
dextrose agar (SDA) only to allow fungal growth. All cultures were incubated under
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aerobic conditions at 30°C for 7 day until the colonies appear. Microscopic examination

was done to ensure the presence of fungal propagules.
2.1. Identification of filamentous fungi

Fungal isolates recovered were identified based on their macro- and microscopic
features using the following keys of Raper and Fennell [32], Pitt [33], Leslie and
Summerell [34]. Ellis [35].

2.2. ldentification of yeast isolates

The developing yeast colonies were purified and characterized using traditional
methods such as germ tube test, chlamydospore formation, and plating on CHROMagar
Candida [36].Some isolates were confirmed by the carbohydrate assimilation and
fermentation patterns which evaluated at the Department of Clinical Pathology, Assiut
University Hospital, Assiut University, Assiut, Egypt, using the VITEK 2 identification
system (Model: Compact 15; BioMérieux; France), according to the Yarrow [37] and
Barnett et al. [38] protocols using pure colonies streaked in SDA medium, incubated at
37 °C for 24 h.

3. Morphological identification of yeast isolates
3.1. Growth on CHROM agar Candida Plus medium

CHROM agar (CHROM agar Company, Paris, France) is a good differential
medium for some Candida species [39]. The growing isolates of Candida were
inoculated on the surface of CHROM agar plates and incubated at 30 °C for 24 — 48 h.

3.2. Germ tube test (GT)

Candida albicans and C. dubliniensis are two closely related species, Germ tube
test was used for differentiate both species from other Candida species. Yeast isolates
were inoculated in a small sterile tube containing 0.5 ml of human serum and incubated at
37 °C for 2 — 4 h. Then, a loop -full of the culture was transferred to a glass slide and

examined microscopically for formation of GT [40].
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3.3. Chlamydospore production (Dalmau plate technique)

Corn Meal Agar (CMA) containing 1% Tween 80 was prepared and poured in 90
mm sterile Petri dish. The plates were then inoculated with yeast isolates using a sterile
straight wire. A flame-sterilized glass cover 22 mm square was placed over the inoculum
to provide partially an anaerobic environment at the margins of the cover slip. The plates
were incubated at 25 °C for 3-5 days. Examination was carried out by removing the lid of
the Petri dish and placing the plates on the microscope stage to observe the edge of the
glass cover to detect morphological features of the yeast strain, such as hyphae,
pseudohyphae, blastospores and chlamydospores [41].

4. Molecular identification of fungal isolates:

Seven-day old culture on SDA was sent to the Molecular Biology Research Unit,
Assiut University for DNA extraction using Patho-gene-spin DNA/RNA extraction kit
provided by Intron Biotechnology Company, Korea. The fungal DNA was then sent to
SolGent Company, Daejeon South Korea for polymerase chain reaction (PCR) and gene
sequencing. PCR was performed using forward (ITS1) and reverse *ITS4) primer set
which were incorporated in the reaction mixture. The purified PCR product (amplicons)
was sequenced with the same primers [42]. The obtained sequences were analyzed using
Basic Local Alignment Search Tool (BLAST) from the National Center of Biotechnology
Information (NCBI) website. The sequences of the identified strains were submitted to
NCBI giving accession numbers and phylogenetic trees were constructed using MUSCLE
(Phylogeny.fr).

5. Screening of yeast isolates for extracellular enzyme production
5.1. Protease enzyme

Casein hydrolysis medium was prepared in tubes, inoculated with the tested
isolates and incubated at 35 + 2 °C for 7 days. After incubation, protease producing fungi
resulted in complete degradation of milk protein that was seen as a clear depth in the

tube. The clear depth below the colony was measured in mm [43].
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5.2. Lipase enzyme

Detection of lipase production by isolated yeasts was carried out on the medium
of Ullman and Blasins [44]. The medium containing tubes were inoculated with the tested
isolates and incubated at 35 + 2 °C for 7 days. Then, the lipolytic ability of the isolate was
expressed as a visible precipitate due to the formation of crystals of calcium salt of the
oleic acid liberated by the enzyme. The depth of each visible precipitate was measured (in

mm).
6. Antimicrobial susceptibility test

Agar well diffusion technique was employed to evaluate the antimicrobial activity
of 9 compounds including 4 pharmaceutical preparation toothpastes (Close-up, Signal,
Sensodyne and Paradontax) and 3 mouth washing solutions (Hexitol, Betadine and
Platina) and 2 natural oils (Clove oil and Ginger oil) against isolated yeast. Cultures were
prepared using yeast extract -malt extract (YM) agar medium. After solidification 50 p 1
from each substance tested which dissolved in DMSO (dimethylsulphoxide) were put in
the agar well (0.5 cm diam). The plates were incubated for 24 — 48 h at 30 °C.

Antimicrobial activities were expressed as the diameters of inhibition zone (in mm).
7. Determination of minimum inhibition concentration (MIC):

The double fold micro-dilution method was used according to the Clinical and
Laboratory Standards Institute. A hundred microliters were prepared starting with the
original concentration used in the screening experiment, with various concentrations of
two-fold serial dilution of each of the most effective drugs (Clove oil, Signal and
Hexitol). One ml of the spore suspension of each of 16 isolates yeast was dispersed with
20 ml Yeast extract and Malt extract (YM) medium in the agar plate. After solidification,
50 pl of each concentration were put in the agar well (0.5 cm diam). The plates were
incubated at 30°C for 24 — 48 h, the minimum inhibitory concentration (MIC) was

expressed as the lowest concentration that inhibits the visible growth of each strain [45].
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Statistical analysis

Frequency of occurrence fungi isolated from each group was subjected to chi-
squared analysis using IBM “SPSS” statistics Version 25. To determine the differences in
antimicrobial activity of various pharmaceutical preparation and natural oils tested, one-
way analysis of variance (ANOVA) and Duncan Multiple range tests were performed
between different yeast isolates using SPSS statistics software. P < 0.05, 0.01 or 000 was

determined as significant, highly significant or very high significant, respectively.

RESULTS AND DISCUSSION

During this study, a total of sixty cases of healthy, gingivitis, periodontitis; gum
disease starts with mild inflammation called gingivitis. If it's left untreated, it progresses
to periodontitis and dental caries (15 each) were sampled form 4 different, sites one swab
had taken from 4 sites (tooth, gingiva, tongue and saliva) for each case for fungal
biodiversity including 73.3% females and 26.6% males. This may be because females are
more interesting with their health and high dental hygiene. The cases located in age group
ranged between 19-62 (healthy), 15-75 (gingivitis), 20-60 (periodontitis) and 15-65
years (dental caries). From the studied cases, 20 usually use brushing (healthy, 10;
gingivitis, 5, periodontitis, 2 and dental caries, 2 cases), 4 cases use mouth washes.
Healthy status of dental caries patients were irregular teeth brushing, and increase soda
pop consumption. There are no chronic diseases except one case having high blood
pressure and another one have breast cancer. Two of gingivitis patients are smokers and
one of them have high blood pressure. Periodontitis patients also, have no chronic disease

except one that has respiratory disease Pneumonia.
1. Fungal analysis

Mycobiota analysis associated with 4 different sites in mouth (tooth, gingiva,
tongue and saliva) resulted in a total of 210 isolates representing 13 identified species
belonging to 7 fungal genera (Table 1). These fungi were isolated from healthy (4 species
and 2 genera); gingivitis (9, 6); periodontitis (10, 5); and dental caries (8, 5) (Table 2).
The results revealed that Aspergillus niger and A. flavus were isolated from gingivitis,

periodontitis and dental caries patients with 8.09%, 9.04% of the total isolates
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respectively. In this study Aspergillus niger was isolated from periodontitis and dental
caries cases only and couldn’t isolate from gingivitis cases or healthy persons.
Aspergillus niger was previously isolated from the oral cavity of a young woman with
underlying disease, and could be isolated from 75% of the individuals, followed by

Cladosporium, Saccharomycetales, Fusarium and Cryptococcus [46].

Penicillium (2 species) was occupied the second place behind Aspergillus. It was
isolated from gingivitis represented 5.71% of the total fungal isolates. From the genus P.
citrinum (3.8%) and P. chrysogenum (1.9%) were identified. Fusarium (represented by 2
species) were isolated from gingivitis and periodontitis patients with percent (1.42 %).
Two species from the genus namely F. solan (0.95%) and F. oxysporum (47%) were
isolated. Fusarium species are the second-most common mould causing a broad spectrum
of infections in humans, including superficial, locally invasive, and disseminated

infections. invasive fungal infections in immunocompromised individuals [47].

Although, in the present work Cladosporium cladosporioides was isolated rarely
represented by 2 isolates comprising 0.95 % of the total isolates from dental caries and
periodontitis cases, Ghannoum et al. [5] concluded that the oral cavity contained 74
culturable and 11 non-culturable fungal genera. They identified 101 species belonging to
Cladosporium (65%), Saccharomycetales (50%), Aspergillus (35)%, Fusarim (30%) and
Cryptococcus (20%) Cladosporium cladosporoides was present in 53% of total dental

plaque samples of Australian children [13].

Bibi Khadija[10] investigated salivary mycobiome of three postpartum females
along with one healthy non-pregnant female omit by targeting ITS region. They detected
a total of 55 genera and 92 species as
follow: Penicillium (6.85%), Aspergillus (6.56%), Olpidium (5.15%), Cochliobolus (4.78
%), Malassezia (4.61%), Neurospora (4.3%), and Cristinia (3.04%) in all samples. The
filamentous fungi identified in oral samples were mostly ubiquitous moulds. The most
prevalent were Penicillium spp., Aspergillus spp., and Cladosporium spp., which are
among the most frequent airborne moulds found indoors and outdoors[48].


https://www.sciencedirect.com/topics/medicine-and-dentistry/cladosporium
https://www.sciencedirect.com/topics/immunology-and-microbiology/budding-yeast
https://www.sciencedirect.com/topics/medicine-and-dentistry/tooth-plaque
https://www.sciencedirect.com/topics/medicine-and-dentistry/tooth-plaque
https://www.sciencedirect.com/topics/medicine-and-dentistry/internal-transcribed-spacer
https://www.sciencedirect.com/topics/immunology-and-microbiology/penicillium
https://www.sciencedirect.com/topics/immunology-and-microbiology/aspergillus
https://www.sciencedirect.com/topics/medicine-and-dentistry/malassezia
https://www.sciencedirect.com/topics/immunology-and-microbiology/neurospora

Mycobiota associated with teeth and oral cavity and their relevant to dental and periodontal diseases 207

The results in Tables (1, 2) showed that Candida was the most prevalent fungi. It
was isolated from 70% of the total isolates. From the genus, 5 species were identified of
which Candida albicans species was the most common fungal species, being represented
by 63 isolates comprising 30% of total yeast isolates followed by C. glabrata and C.
tropicalis (20.95% and 12.85 % of total isolates, respectively). Rodotorula spp and
Cryptococcus laurentii were less encountered isolated from 2.85% and 1.9% of the total
yeasts, respectively. The remaining yeast species (C. ciferrii and C. dubliniensis) were
less frequent encounted in 6.13% of the total yeast (Table 1). In this study Candida
ciferrii and Cryptococcus laurentii were recorded for the first time from the oral cavity,
to the best of our knowledge. Identification was performed by automated Vitek2 system
(BioMerieux ®).C. ciferrii was isolated rarely from periodontitis cases, while it was
reported previously from clinical specimens of onychomycosis [49]. Also it has been
reported to cause various human infections such as endophthalmitis, intraorbital abscess,
systemic mycosis, and otitis media [50-52]. Cryptococcus laurentii was isolated rarely
from gingivitis cases while it was reported previously from the blood of a cancer patient
[53] This fungus was previously considered saprophytic and non-pathogenic to humans,
but it has been isolated as the etiologic agent of infections such as skin infection, keratitis,
endophthalmitis, lung abscess, peritonitis, meningitis, and fungemia [54, 55]. The
highest frequent species in periodontitis and gingivitis cases was C. albicans but C.
glabrata was considered a relatively nonpathogenic commensal fungus of human
mucosal tissues, this may explain their predominant in healthy cases (Table 2). In patients
with chronic periodontitis, C. albicans has been the most isolated species because it has
been typically found on the ou.ter layers of the plaque and deep in periodontal tissues
[56]. This fungus has a range of virulence factors that can be potentially relevant to the
pathology of periodontal disease, such as the ability to adhere and invade gingival
connective tissue [57]. One important virulence characteristic of C. albicans is its cell
surface hydrophobicity due to the mannosylated surface proteins that cover the fungal
cells [58]. Some of these proteins allow the yeast to adhere to the host cells through the
increase in hyphal forms and resistance against macrophages. When yeasts gain access to
underlying periodontal tissues , more damage may result from the metabolites produced

by them [59]. C. albicanscan secrete proteinases enzymes which are able to
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degrade extracellular matrices and membrane components [22, 60], it has the capacity to
interact with periodontal pathogens and influence their behaviors. Specific bacteria
frequently co-isolated with C. albicans in periodontal pockets include the anaerobes.
Fusobacterium nucleatum and Porphyromonas gingivalis. Remarkably, it has been
shown that fungi are able to rapidly deplete oxygen within mixed species environments,
which may explain why obligate anaerobes and yeasts are observed together [61]. For
instance, P. gingivalis modulates and enhances the germ tube formation of C.
albicans [62].

From all studied cases, 8, 1 and 2 healthy, gingivitis and dental caries cases were
free from fungal contamination. Kleinegger et al. [63] concluded that number of natural
barriers are established in the mucosal surfacesand body fluids, preventing the
colonization in healthy individuals. These barriers depend on factors related to age,
gender, smoking, diet, drugs, and the host immune status.
Furthermore, lactoferrin and lysozyme, in addition to, other important proteins are the
main proteins in the innate immune response present in saliva and exert an antifungal and
antibacterial modulating effect on the implantation of fungal and bacterial species in the
oral cavity [64]. Furthermore, saliva has antifungal substances that control fungi in oral
cavity and consequently keep balance between normal bacteria and fungi in the mouth.
Reduction of these antifungal components is one of the most factors predisposing

oral fungal infection [65].

Table 1: Number and percentage of the appearance of fungal isolates from all cases

) No. of
Genera and Species ) %

isolates
Aspergillus 36 17.14
A. flavus Link 19 9.04
A. niger Van Tieghum 17 8.09
Penicillium 12 571
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P. chrysogenum Thom 4 1.9
P. citrinum Thom 8 3.8
Fusarium 3 1.42
F. oxysporum Schltdl 1 0.47
F. solani Martius 2 0.95
Cladosporium cladosporioides
2 0.95
(Fresen.) G.A. de Vries
Candida 147 70
C. albicans (C.P. Robin) Berkhout 63 30
C. ciferrii Kreger-van Rij 3 1.42
C. dubliniensis D.J. Sullivan 10 4.76
C.glabrata  H.W. Anderson 44 20.95
C. tropicalis  (Castell.) Berkhout 27 12.85
Cryptococcus laurentii (Kuff.) C.E. Skinner 4 1.9
Rhodotorula spp F.C. Harrison 6 2.85
Total isolates
No. of genera=7
No. of species = 13 210 100
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Table 2: Comparisons of frequencies of fungi collected from healthy, gingivitis,

periodontitis and dental caries cases using Chi-square test

Healthy | Gingivitis | Periodontitis Dental Caries Phi
Fungal Taxa

PTA] P A P A P A
Aspergillus
Aspergillus niger 0 60 0 60 9 51 8 52 0.277***
Aspergillus flavus 0 60 4 56 10 50 5 55 0.22
Penicillium
penicillium citrinum 0 60 4 56 2 58 2 58 0.131
Penicillium chrysogenum 0 60 4 56 0 60 0 60 0.225
Fusarium
F. solani 0 | 60| 4 56 0 60 0 60 0.225
F. oxysporum 0 60 0 60 3 57 0 60 0.195*
Cladosporium cladosporioides 0 60 0 60 4 56 4 56 0.131
Candida spp. 25 | 35 | 22 38 28 32 29 31 0.092
C. albicans 12 | 48 | 16 44 18 42 17 43 0.086
Candida ciferrii 0 60 0 60 3 57 0 60 0.195*
C. dubliniensis 3 57 2 58 3 57 2 58 0.042
C. glabrata 15 | 45 7 53 12 48 10 50 0.126
C. tropicalis 2 58 8 52 7 53 10 50 0.155
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Cryptococcus laurentii 60 56 0 60 60 0.225
Rhodotorula spp 57 58 0 60 59 0.119
No. of identified genera=7 5
No. of identified species=13 10

P: present

significant differences at levels of 0.05 and < 0.0001, respectively

A: absent

* and *** express significant and very high

2. Phenotypic and genotypic characteristics of yeast isolates

2.1 Macroscopic characteristics

Some medically important Candida species showed specific color of colonies

when culturing on chromogeneic medium (CHROM agar Candida Plus medium), due to

differential uptake of the chromogenic compounds. After incubation at 37°C for 2-3 days,

preliminary identification of the yeast isolate tested was done according to certain colony

colors comparing with standard sheet of colors recommended by CHROM agar Company,
Paris, France (Table 3 & Fig. 1).

A

Fig. 1: Colony color of different Candida species on CHROMagar Candida plus'

medium showing:

(A) Dark pink to Mauve (C. glabrata), (B) Green (C. albicans) and (C) Dark blue (C.

tropicalis).
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Morphological features of Candida species colonies on Sabouraud agar such as
C.albicans has white to cream colour glistening soft and smooth growth, C. glabrata has
white, smooth, butyrous and entire colonies but C. tropicalis has white, smooth, butyrous
and soft with ringed border. Rhodotorula spp colonies are moist, glistering, smooth to

mucoid, and salmon pink to red in color.

Table 3: Growth and colony color of Candida spp on different media, germ tube test

and chlamydospores formation

Colony color
Candida spp SDA CHROMagar CMA GT
C. albicans white to cream Green + +
C. ciferrii milky white Blue green - -
C. dubliniensis White Green + -
C. glabrata White Mauve - -
C. tropicalis White Metallic blue - -

SDA: Sabouraud Dextrose agar, GT: Germ tube test, CMA: Corn meal agar, (+): Positive,
(-): Negative

2.2 Microscopic features:

Some Candida species, such as C.albicans produced globose to ovoid Shaped
budding cells, single, in pairs and clusters 3.5 - 6.0 um diam in size, but C. glabrata has
subglobose to ovoid shaped cells, 2.5-4.0 um diam single and in pairs. Candida albicans
and C. dubliniensis can be distinguished from other Candida species by the formation of
germ tubes within 2 hours after inoculation in human serum. A total of 20 isolates of
Candida showed positive for germ tube test indicating their relevant to either Candida

albicans or C. dubliniensis as shown in Fig. (2).
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2.2.1 Microscopic appearance of Candida species on Corn meal/Tween 80 agar

C.albicans has abundant pseudohyphae and true hyphae, bearing chlamydospores
terminally. Twenty strains of C. albicans were examined and reported to produce
chlamydospores. On contrast, C. glabrata didn’t produce pseudohyphae or hyphae (Fig.
2). All morphological diagnostic features (macr- and microscopic) of different strains of

Candida spp. isolated in the current work are illustrated in table (3).
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Fig.2: (a) Chlamydospores production on CMA, (b) true hyphae of C. albicans (c)
pseudohyphe with chains of elongate cells of C. tropicalis (d) Positive germ tube test
for C. albicans

2.3 Molecular identification of yeast isolates:

The two most common yeast strains that isolated, respectively from healthy and
dental caries were subjected to molecular identification by ITS sequencing analyses.
According to high similarities with isolates from GeneBank database, both strains were
identified as Candida albicans AUMC 16031 (=0Q256207) and AUMC 16029
(=0Q256189) (Fig. 3).
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Fig. 3: Phylogenetic tree constructed after analyses of ITS sequence data of two
Candida albicans strains, AUMC 16031, 16029 (=0Q256207, 0Q256189
respectively) in blue color matching with other relevant strains obtained from
genebank database.

A total of147 isolates of yeasts were identified from 60 patients after culturing on
chromogenic media as well as after performing germ tube test and production of
chlamydospores on corn meal agar. From an etiological standpoint, Candida albicans
was the most frequent species (63 isolates out of 147) representing 30.0% of total
cultures. C. glabrata came second sharing with 44 isolates matching 20.95% of cultures.
The remaining species; C. tropicalis and C. dubliniensis accounted for 12.8% and 4.75%
of total Candida isolates. The two most common yeast strains that isolated, respectively
from healthy and dental caries were subjected to molecular identification to confirm
identification of this species. They identified as Candida albicans strains, AUMC 16031,



Mycobiota associated with teeth and oral cavity and their relevant to dental and periodontal diseases 215

16029 (=0Q256207, 0Q256189 respectively) Our findings were supported by the study
of Patel et al. [66] Candida albicans is a prominent member of the human mycobiota in

the oral cavity.

Table 4: The total count percentage of different fungi associated with each of the
different four sites of healthy, gingivitis, periodontitis, and dental caries

Healthy Dental caries Gingivitis Periodontitis

Site %T | N N| %T | N|N| %T | N|N| %T | N
c |lcg|ls| cle|s| clecls| c |aels

Tooth 55| 2 | 5 |5116| 3 | 5 [5915| 4 | 6 |4582| 3 | 6

Gingiva [3436| 1 | 4 | 33 1|2 2893 3 |5 |1768| 2 | 4

Tongue 462 | 2 | 3 |4474| 3 | 6 |1025| 2 | 4 | 027 | 2 | 4

Saliva 5.5 113|077 2 |2 |164| 2 |3 |884 | 3 | 4

Total 19.59 22.18 23.56 34.65
%TC

(%TC): Total count percentage, (NG): No. of genera, (NS): No. of species

The results in Table (4) showed that healthy cases have lowest percentage of total count
(19.59 %), comparing with the other cases. Low numbers of the fungi are naturally found
in the mouth and digestive system of most people. The highest incidence of fungi in
healthy oral cavity occurred at tooth and saliva 55.5 % and 34.36 %, respectively. Dental
caries and gingivitis have close ratio in percentage of total count 22.18 % and 23.56 %,
respectively. Periodontitis cases had the highest percentage of total count (34.65 %)
comparing with the other cases as in periodontitis the Candida spp. have virulence factors
that facilitate colonization and proliferation in the oral mucosa and, possibly, in
periodontal pockets. These fungal organisms can co-aggregate with bacteria in dental
biofilm and adhere to epithelial cells. These interactions, which are associated with their

capacity to invade gingival conjunctive tissue, may be important in microbial
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colonization that contributes to progression of oral diseases [67]. In addition to these
properties, Candida spp. also produces enzymes, such as the collagenases and proteinases
that degrade extracellular matrix proteins, and immunoglobulin [56]. In gingivitis and
periodontitis gingiva is the second richest site with fungi 28.93 % and 17.68%,
respectively. Tongue and saliva have low fungal population due to mechanical
movements during speaking, chewing and swallowing make tongue unstable site. Saliva
contains multiple antifungal components such as histatins, lysozyme, lactoferrin and
lactoperoxidase [56] which are active against C. albicans when evaluated individually in

vitro.
3. Extra-cellular enzymes production by yeast

The results in Table (5) and Fig (4) showed that 47.2% (34 out of 72 isolates) of the
yeast isolates under investigation had positive lipolytic activities with varying
capabilities. From the positive isolates, 7 (27.5%) exhibited high lipolytic activity. These
included Candida albicans (4 isolates), C. glabrata (2) and C. tropicalis (1). Moderate
lipase activity was achieved by C. albicans (11 isolates), C. glabrata (3) and C. tropicalis
(2 isolates). The remaining positive isolates (C. albicans, 5; C. glabrata, 1 and C.
tropicalis, 5 isolates) exhibited low lipase enzyme production (Table 4). Some species of
Candida and other yeasts or yeast- like fungi were reported as lipase producers like
Candida albicans, Cryptococcus neoformans and Aspergillus fumigatus [68-72] .

Table 5: Number (N) and percentage (%) of yeast isolates showing lipolytic activities

No. of Total
Yeast species | tested High Moderate Low
strains Positive

N % N % N % N %

Candida

albicans

30 4 13.3 11 36.6 5 16,6 | 20 | 66.5
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C. glabrata 21 2 9.5 3 14.2 1 4.7 6 28.4
C. tropicalis 21 1 4.7 2 9.5 5 23.8 8 38.0
Total 72 7 27.5 16 60.3 11 | 451 | 34 | 47.2

High: Depth of visible precipitate > 15 mm, Moderate: Depth of visible precipitate 6-14

mm and Low: Depth of visible precipitate <5 mm.

Data in Table (6) and figure (4) indicated that 41 isolates out of 72, (56.9%) were positive
protease producers. From these isolates, only 11 had high proteolytic activity ( C.
albicans, 5; C. glabrata, 4 and C. tropicalis, 2 isolates) while, 12 isolates (6 C. albicans,
1 C. glabrata and 5 C. tropicalis) and 18 isolates (10 C. albicans, 2 C. glabrata and 6
isolates of C. tropicalis) had moderate and low proteolytic activity, respectively. These
fungi were also recorded previously as protease producers. Hydrolysis of protein was
observed by Candida albicans[73], C. tropicalis[74], C. glabrata[75-77].

Table 6: Number (N) and percentage (%) of yeast strains showing proteolytic

activities
No. of Total
Yeast species | tested High Moderate Low
strains Positive
N % N % N % N %
C. albicans 30 5 16.6 6 20 10 | 166 | 21 70
C. glabrata 21 4 19.04 1 4.7 2 9.5 7 33.3
C. tropicalis 21 2 9.5 5 23.8 6 | 285 | 13 | 619
Total 72 11 15.3 12 16.6 18 25 41 | 56.9

High: Depth of clear media > 18 mm, Moderate: Depth of clear 15-17 mm and Low:
Depth of Depth of clear < 14 mm.
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Fig.4:Proteolytic(a) and liopolytic (b) activities of Candida species.

Candida species employ a repertoire of virulence factors, including phenotypic
switching, dimorphism, and production of hydrolytic enzymes, to invade the oral cavity.
These hydrolytic enzymes facilitate adherence of Candida spp. to the host tissue, rupture
of cell membranes, invasion of mucosal surfaces and blood vessels, and evasion of the
host’s immune response [78]. Secreted proteinases are principal among such enzymes
and degrade proteins related to structural and immunologic defenses, such as collagen,
keratin, mucin, antibodies, complement, and cytokines, during tissue invasion. The
putative roles of microbial extracellular lipases include digestion of lipids for nutrient
acquisition, adhesion to host cells and host tissues, initiation of inflammatory processes
by affecting immune cells, and self-defense mediated by lysing competing microflora
[79].

3.4. Susceptibility of yeast isolates to pharmaceutical preparations and natural oils

Four toothpastes (Close-up, Signal, Sensodyne and Paradontax), 3 mouth washes
(Hexitol, Betadine and Platina) and 2 natural oils (clove oil and Ginger oil ) were
screened against 60 Candida isolates belongs to C. albicans, C. glabrata C. tropicalis
(20 isolate from each ) the most predominant isolated species related to gingivitis,
periodontitis and dental caries patients Interestingly, all isolates tested were inhibited by
Paradontax, Hexitol and Clove oil (Table 7). Other natural oils almost had no inhibitory
effect against all tested microbial strains. These oils may have either weak active
substances or have some additives which inactivate the inhibitory action of the oil [80].

Paradontax was proved previously to be used as a good antimicrobial agent against yeasts
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(Candida albicans and C. tropicalis) obtained from saliva, teeth, root canals or radiation
caries [81]. Furthermore, it could decrease the rate of both plaque and gingivitis [82].
Statistical analysis using one way ANOVA and Duncan multiple range tests showed
mostly high significant differences among the tested compounds (Table 7). Clove oil was
reported to have antimicrobial activity against food borne pathogens, when used in a
combination with cinnamon oil [83]. The antimicrobial action of natural plant oils is
suggested to be attributed to the most active phytochemical components, such as:
phenolic compounds, aldehydes, ketones, alcohols, and hydrocarbons. These components
have the hydrophobicity behavior, leading to their action with lipids on the microbial
membranes, that disturb the permeability, and break homeostasis [84]. In the current
study, it was observed that Signal and Close-up have a good antimicrobial effect against
yeasts (Candida albicans, C. glabrata and C. tropicalis) compared to Sensodyene which
has no effect on those microorganisms. Platina mouth wash and Betadine have either

weak or no antimicrobial effect against yeasts, especially oral candida

Table 7: Antimicrobial activity of toothpastes, mouth washes and natural oil against
yeast strains isolated from gingivitis, periodontitis and dental caries (Inhibition zone

in mm: Mean® + SE).

Taxa

Clove | Ginger ] ] . ]
. . Hexitol | Betadine Platina Signal Close up | Pardontex | Sensodyene F
_ oil oil
(n=20)
C. 2773+ | 460+ 22.10+ 535+ 2175+ 2285+ e
) d b 0? b 21.47 £ 0.53° 0? 215.69
albicans 0.94 1.30 0.64° 1.12 0.52° 0.62°
C. 30.63 £ 2194 + 570+ s 2155+ 19.60 + o
0% § 0? b 20.84 + 0.45° g 0? 250.46
trobicalis | 1.58° 0.64 1.20 0.47° 0.55°
C. 309+ 2265+ 6.95+ g 2195+ 20.30+ .
0? d 0? b 21.50 + 0.50° g 0? 263.0
glabrata 1.53° 0.59 1.22 0.53° 0.40°

*** express very high significant differences at levels of 0.05 and < 0.0001, respectively
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Fig.5: Growth of Candida spp. a-b C. trobicalis, c-d C. albicans, e-f C. glabrata in
the presence of some pharmaceutical preparations (teeth pastes and mouth washes)
and natural oils; Close-up (Cl-U), Sensodyen (Senso), Ginger oil (Gi-O), Platina (PI),
Paradontax (Pa), Clove oil (CI-O), Signal (Si).
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4. Minimum inhibition concentration (MIC) for yeast isolates

Hexitol had the highest inhibitory effect against the tested strains in very small
concentrations (MIC =0.078 — 0.039 mg/ml), followed by clove oil (0.25 — 0.125 ml) and
paradontax (0.7 — 0.35 mg/ml). The inhibitory effect of Hexitol may be due to the lethal
effect of its active ingredients, sodium fluoride or other substances that have antimicrobial
activity through membrane disruption causing growth inhibition and cell death [85]. Also,
it could strongly inhibit plague growth and prevent the binding to the tooth structure thus
reducing pellicle formation [86]. Another suggested mechanism is that the component of
Hexitol drug is Chlorhexidine which is a positively-charged molecule that binds to the
negatively-charged sites on the cell wall; it destabilizes the cell wall and interferes with
osmosis. The fungus uptakes chlorhexidine in a short amount of time and impairs the
integrity of the cell wall and the plasma membrane entering the cytoplasm resulting in
leakage of cell contents and cell death [62, 87].

CONCLUSION
Although, highly resistant pathogenic strains increase continuously, the current

work recommend Paradontax toothpaste and Clove oil as antifungals, but the most
amazing is Hexitol mouth washing solution. Clinical studies are urgent to evaluate the
activity of clove oil and other natural oils against dental and periodontal pathogenic
microorganisms and highlight their mechanism of action. Oral microorganisms could be
considered as risk factors aid in predisposing serious infections in immunocompromised
patients. There is a need to additional studies to that shed light on the pathogenicity of
these microorganisms and creating novel and safe antimicrobial agents. Fungal
population of various niches in oral cavity is not the same .Tooth is the highest site in oral
cavity rich with fungi in all types of cases. Culturing of these fungi is not enough
technique to provide a complete picture on oral microbial community, because several
strains are unculturable. For this reason, advanced molecular analyses using modern
metagenomic techniques are indispensable to provide the actual diversity of microbial
community. Finally, regular oral examinations, prophylaxis and oral hygiene, in addition
to periodical use of appropriate toothpaste and mouth wash are valuable in protection

against oral infection by microbes.


https://www.sciencedirect.com/topics/medicine-and-dentistry/antifungal-agent
https://www.sciencedirect.com/topics/immunology-and-microbiology/immunocompromised-patient
https://www.sciencedirect.com/topics/immunology-and-microbiology/immunocompromised-patient
https://www.sciencedirect.com/topics/medicine-and-dentistry/pathogenicity
https://www.sciencedirect.com/topics/immunology-and-microbiology/metagenomics

222

Nemmat A. Hussein et al.

REFERENCES

1. F. R. Monteiro-da-Silva & B. Sampaio-Maia. Interindividual variability and

intraindividual stability of oral fungal microbiota over time. Medical Mycology,
2014. 52(5): p. 498-505. https://doi.org/10.1093/mmy/myu027.

. J. A. Aas, B. J. Paster, L. N. Stokes, I. Olsen, & F. E. Dewhirst Defining the

normal bacterial flora of the oral cavity. Journal of Clinical Microbiology, 2005.
43(11): p. 5721-5732. https://doi.org/10.1128/JCM.43.11.5721-5732.

M. J. Azevedo, M. de Lurdes Pereira, R. Araujo, C. Ramalho, E. Zaura, & B.
Sampaio-Maia. Influence of delivery and feeding mode in oral fungi

colonization—a systematic review. Microbial Cell, 2020. 7(2): p. 36.
doi: 10.15698/mic2020.02.706.

P. M. Oba, H. D. Holscher, R. A. Mathai, J. Kim & K. S. Swanson . Diet
influences the oral microbiota of infants during the first six months of life.
Nutrients, 2020. 12(11): p. 3400. https://doi.org/10.3390/nu12113400.

M. A Ghannoum, R. J. Jurevic, P. K. Mukherjee, F. Cui, M. Sikaroodi, A. Naqvi,
& P. M. Gillevet, Characterization of the oral fungal microbiome (mycobiome) in
healthy individuals. PL0oS Pathogens, 2010. 6(1): p. €1000713.
https://doi.org/10.1371/journal.

B. A. Peters, J. Wu, R. B. Hayes, & J. Ahn. The oral fungal mycobiome:
characteristics and relation to periodontitis in a pilot study. BMC Microbiology,
2017.17:p.1-11. https://doi.org/10.1186/s12866-017-1064-9.

. T. A. Auchtung, T. A Fofanova, T. Y. Stewart, C. J. Nash, A. K.. Wong, M. C,;

Gesell, J. R.; & Petrosino, J. F. Investigating colonization of the healthy adult
gastrointestinal tract by fungi. MSphere, 2018. 3(2): p. e00092-18.
https://doi.org/10.1128/mSphere.

. Y. Li, K. Wang, B. Zhang, Q. Tu, Y. Yao, B. Cui, & X. Zhou. Salivary

mycobiome dysbiosis and its potential impact on bacteriome shifts and host
immunity in oral lichen planus. International Journal of Oral science, 2019. 11(2):
p. 13. https://doi.org/10.1038/s41368-019-0045-2.



https://doi.org/10.1093/mmy/myu027
https://doi.org/10.1128/JCM.43.11.5721-5732
https://doi.org/10.15698%2Fmic2020.02.706
https://doi.org/10.3390/nu12113400
https://doi.org/10.1371/journal
https://doi.org/10.1186/s12866-017-1064-9
https://doi.org/10.1128/mSphere.
https://doi.org/10.1038/s41368-019-0045-2

Mycobiota associated with teeth and oral cavity and their relevant to dental and periodontal diseases 223

9. P.I.LDiaz, B.Y. Hong, A.K.Dupuy, &L.D.Strausbaugh Mining the oral
mycobiome: methods, components, and meaning. Virulence, 2017.8(3):p.313-
323. https://doi.org/10.1080/21505594.2016.1252015.

10. B.M. Khadija, Imran & R. Faryal, Keystone salivary mycobiome in postpartum

period in health and disease conditions. Journal of Medical Mycology, 2021.
31(1): p.101101. https://doi.org/10.1016/j.mycmed.
11. Z. Stehlikova, V. Tlaskal, N. Galanova, R. Roubalova, J. Kreisinger, J. Dvorak,

P.Prochazkova, K. Kostovcikova, J. Bartova, M. Libansk, & R. Cermakova. Oral
microbiota composition and antimicrobial antibody response in patients with
recurrent aphthous stomatitis. Microorganisms, 2019. 7(12): p. 636.
https://doi.org/10.3390/microorganisms7120636

12. A.K. Dupuy, M.S David, L. Li, T.N Heider, J.D. Peterson, E.A. Montano, A.
Dongari-Bagtzoglou, P.l. Diaz, & L.D. Strausbaugh. Redefining the human oral

mycobiome with improved practices in amplicon-based taxonomy: discovery of
Malassezia as a  prominent commensal. PLoS ONE, 2014.
9(3):https://doi.org/10.1371/journal.pone.0090899.

13. J.M. Fechney, G.V. Browne, N. Prabhu, L. Irinyi, W. Meyer, T. Hughes, M.
Bockmann, G. Townsend, H. Salehi. & C.J. Adler. Preliminary study of the oral

mycobiome of children with and without dental caries. Journal of Oral
Microbiology ,2019.11(1):p.1536182.
https://doi.org/10.1080/20002297.2018.1536182.

14. A. Nanci, Ten Cate's Oral Histology-e-book: development, structure, and

function2017: Elsevier Health Sciences.

15. D. Ehninger, Reversal of learning deficits in a Tsc2+/— mouse model of tuberous
sclerosis. Nature medicine, 2008. 14(8): p. 843-848.

16. S. Thaweboon, Salivary secretory IgA, pH, flow rates, mutans streptococci and
Candida in children with rampant caries. Southeast Asian J Trop Med Public
Health, 2008. 39(5): p. 893-9.

17. P.E. Kolenbrander, Bacterial interactions and successions during plague
development. Periodontology 2000, 2006. 42(1): p. 47-79.


https://doi.org/10.1080/21505594.2016.1252015
https://doi.org/10.1016/j.mycmed.2020.101101
https://doi.org/10.3390/microorganisms7120636
https://doi.org/10.1371/journal.pone.0090899
https://doi.org/10.1080/20002297.2018.1536182

224

Nemmat A. Hussein et al.

18

19.
20.

21.

22.

23.

24,

25.

26.

27.

28.

. M. Maijala, et al., Candida albicans does not invade carious human dentine. Oral
diseases, 2007. 13(3): p. 279-284.

C.S.M. da Costa, Candida spp. and its role in dental caries. 2012.

Cannon, R.D., A.K. Nand, and H.F. Jenkinson, Adherence of Candida albicans to
human salivary components adsorbed to hydroxylapatite. Microbiology, 1995.
141(1): p. 213-219.

T. Klinke, et al., Dental caries in rats associated with Candida albicans. Caries
research, 2011. 45(2): p. 100-106.

H. Kaminishi, et al., Isolation and characteristics of collagenolytic enzyme
produced by Candida albicans. Infection and immunity, 1986. 53(2): p. 312-316.
S. Makihira, et al., Bacterial and Candida adhesion to intact and denatured
collagen in vitro. Mycoses, 2002. 45(9-10): p. 389-392.

J.R. Naglik, S.J. Challacombe, and B. Hube, Candida albicans secreted aspartyl
proteinases in virulence and pathogenesis. Microbiology and molecular biology
reviews, 2003. 67(3): p. 400-428.

L.M. O’Connell, R. Santos, G. Springer, R.A. Burne, M.M. Nascimento. & V.P.
Richards. Site-specific profiling of the dental mycobiome reveals strong
taxonomic shifts during progression of early-childhood caries. Applied and
Environmental Microbiology, 2020. 86(7): p. e02825-19.
https://doi.org/10.1128/AEM.02825-19.

S. Tati, P. Davidow. A. McCall, E. Hwang-Wong, I.G. Rojas, B. Cormack & M.

Edgerton. Candida glabrata binding to Candida albicans hyphae enables its
development in oropharyngeal candidiasis. PLoS pathogens,
2016.12(3):p.e1005522. https://doi.org/10.1371/journal.ppat.1005522.

D.F. Kinane, P.G. Stathopoulou, & P.N. Papapanou, Periodontal diseases. Nature

reviews Disease primers, 2017. 3(1): p. 1-14.
https://doi.org/10.1038/nrdp.2017.38.
S. Schulz, M. Porsch, 1.Grosse, K. Hoffmann, H.G. Schaller & Reichert,

Comparison of the oral microbiome of patients with generalized aggressive

periodontitis and periodontitis-free subjects. Archives of Oral Biology, 2019. 99:
p. 169-176. https://doi.org/10.1016/j.archoralbio.2019.01.015.



https://doi.org/10.1128/AEM.02825-19
https://doi.org/10.1371/journal.ppat.1005522
https://doi.org/10.1038/nrdp.2017.38
https://doi.org/10.1016/j.archoralbio.2019.01.015

Mycobiota associated with teeth and oral cavity and their relevant to dental and periodontal diseases 225

29. M. Usui et al., Mechanism of alveolar bone destruction in periodontitis—
Periodontal bacteria and inflammation. Japanese Dental Science Review, 2021.
57: p. 201-208.

30. L. Abusleme, A. Hoare, B.Y. Hong & P.l. Diaz Microbial signatures of health,
gingivitis, and periodontitis. Periodontology 2000, 2021. 86(1): p. 57-78.
https://doi.org/10.1111/prd.12362.

31. A. Reynaud, B. Nygaard-@stby, G.K. Bgygard, E.R. Eribe, I. Olsen, & P. Gjermo.
Yeasts in periodontal pockets. Journal of clinical periodontology, 2001. 28(9): p.
860-864. https://doi.org/10.1034/j.1600-051x.2001.028009860.x

32. K.B. Raper & D.I. Fennell, The genus Aspergillus. The genus Aspergillus. 1965.

33.J.1. Pitt. The genus Penicillium and its teleomorphic states Eupenicillium and
Talaromyces1979: Academic Press Inc. Ltd.

34. A., LJ.F.a.S.B., the Fusarium Laboratory Manual, 2006. Blackwell Publishing,
Ames, lowa. D0i:10.1002/978470278376.

35.B., E.M., Dematiaceous Hyphomycetes. Kew: Commonwealth Mycological
Institute, Kew, Surry, England. (1971).

36. S. Kidd, C. Halliday, H. Alexiou & D. Ellis Description of medical fungi third
edition. Australia: Newstyle Printing, 2016.

37. D. Yarrow, Methods for the isolation, maintenance and identification of yeasts, in
the yeasts1998, Elsevier. p. 77-100. https://doi.org/10.1016/B978-044481312-
1/50014-9

38.J.A. Barnett, RW Payne, and D. Yarrow, Yeasts: characteristics and
identification. 1990.

39. S. Kidd, et al., Descriptions of medical fungi. VVol. 3. 2016: David Ellis.

40. F.C. Odds, & R. Bernaerts, CHROMagar Candida, a new differential isolation
medium for presumptive identification of clinically important Candida species.
Journal of Clinical Microbiology, 1994. 32(8): p. 1923-1929.
https://doi.org/10.1128/jcm.32.8.1923-1929.1994

41. D.W. Williams & M.A.O. Lewis, Oral Microbiology: Isolation and identification

of candida from the oral cavity. Oral Diseases, 2000. 6(1): p. 3-11.
https://doi.org/10.1111/j.1601-0825.2000.tb00314.x



https://doi.org/10.1111/prd.12362
https://doi.org/10.1034/j.1600-051x.2001.028009860.x
doi:10.1002/978470278376
https://doi.org/10.1016/B978-044481312-1/50014-9
https://doi.org/10.1016/B978-044481312-1/50014-9
https://doi.org/10.1128/jcm.32.8.1923-1929.1994
https://doi.org/10.1111/j.1601-0825.2000.tb00314.x

226

Nemmat A. Hussein et al.

42.

43.

44,

45.

46.

47.

48.

49.

50.

T.J. White, T. Bruns, SJW.T. Lee, & J. Taylor. Amplification and direct
sequencing of fungal ribosomal RNA genes for phylogenetics. PCR protocols: a
guide to methods and applications, 1990. 18(1): p. 315-322.

R. Paterson & P. Bridge, Biochemical techniques for filamentous fungi 1994:
CaB International.

V. Ullman & G. Blasins, A simple medium for the detection of different lipolytic
activity of microorganisms. Zbl. Bakt. Hyg., Il Abt. Orig. A, 1974. 229: p. 264-
267.

J. Rodriguez-Tudela, F. Barchiesi, J. Bille, E. Chryssanthou, M. Cuenca-Estrella,
D. Denning, J.P. Donnelly, B. Dupont, W. Fegeler, C. Moore & M.
Richardson. Method for the determination of minimum inhibitory concentration
(MIC) by broth dilution of fermentative yeasts. Clinical microbiology and
infection, 2003. 9(8): p. i-viii. https://doi.org/10.1046/j.1469-0691.2003.00789.x
R.\V. Lalla, L.L. Patton, & A. Dongari-Bagtzoglou, Oral candidiasis:

pathogenesis, clinical presentation, diagnosis and treatment strategies. Journal of
the California Dental Association, 2013. 41(4): p. 263-268.

E.l. Boutati, & E.J. Anaissie, Fusarium, a significant emerging pathogen in
patients with hematologic malignancy: ten years' experience at a cancer center
and implications for management. Blood, The Journal of the American Society of
Hematology, 1997. 90(3): p. 999-1008. https://doi.org/10.1182/blood.VV90.3.999
R. Araujo, J.P. Cabral, & A.G. Rodrigues, Air filtration systems and restrictive

access conditions improve indoor air quality in clinical units: Penicillium as a
general indicator of hospital indoor fungal levels. American journal of infection
control, 2008. 36(2): p. 129-134. https://doi.org/10.1016/j.ajic.2007.02.001

R.Furman, & D.G. Ahearn, Candida ciferrii and Candida chiropterorum isolated

from clinical specimens. Journal of Clinical Microbiology, 1983. 18(5): p. 1252-
1255. https://doi.org/10.1128/jcm.18.5.1252-1255.1983
H. Soki, Y. Nagase, K. Yamazaki, T. Oda, & K. Kikuchi. Isolation of the yeast-

like fungus Stephanoascus ciferrii by culturing the aural discharge of a patient

with intractable otitis media. Case report. Kansenshogaku zasshi. The Journal of


https://doi.org/10.1046/j.1469-0691.2003.00789.x
https://doi.org/10.1182/blood.V90.3.999
https://doi.org/10.1016/j.ajic.2007.02.001
https://doi.org/10.1128/jcm.18.5.1252-1255.1983

Mycobiota associated with teeth and oral cavity and their relevant to dental and periodontal diseases

51.

52.

53.

54.

55.

56.

57.

58.

the Japanese Association for Infectious Diseases, 2010. 84(2): p. 210-212.
https://doi.org/10.11150/kansenshogakuzasshi.84.210.

H. Agm, Y. Ayhan, I. Devrim, G. Giilfidan, S. Tulumoglu & E.
Kayserili.Fluconazole-, amphotericin-B-, caspofungin-, and anidulafungin-

resistant Candida ciferrii: an unknown cause of systemic mycosis in a child.
Mycopathologia, 2011. 172(3): p. 237-239. https://doi.org/10.1007/s11046-011-
9418-6.

C. Danielescu, A. Cantemir, & D. Chiselita, Successful treatment of fungal

endophthalmitis using intravitreal caspofungin. Arquivos Brasileiros de
Oftalmologia, 2017. 80: p. 196-198. https://doi.org/10.5935/0004-2749.20170048.
D. Averbuch, T. Boekhout, R. Falk, D. Engelhard, M. Shapiro & C.
Block. Fungemia in a cancer patient caused by fluconazole-resistant Cryptococcus
laurentii. Medical Mycology, 2002. 40(5): p. 479-484.
https://doi.org/10.1080/mmy.40.5.479.484.

P. Banerjee, M. Haider, V. Trehan, B. Mishra, A. Thakur, V. Dogra & P.
Loomba. Cryptococcus laurentii fungemia. Indian journal of medical
microbiology, 2013. 31(1): p. 75. DOI:10.4103/0255-0857.108731.

A. Molina-Leyva, J.C. Ruiz-Carrascosa, A. Leyva-Garcia & H. Husein-

Elahmed. Cutaneous Cryptococcus laurentii infection in an immunocompetent
child. International Journal of Infectious Diseases, 2013. 17(12): p. e1232-e1233.
https://doi.org/10.1016/).ijid.2013.04.017.

A. Jarvensivu, J. Hietanen, R. Rautemaa, T. Sorsa & M. Richardson. Candida

yeasts in chronic periodontitis tissues and subgingival microbial biofilms in vivo.
Oral diseases, 2004. 10(2): p. 106-112. https://doi.org/10.1046/].1354-
523X.2003.00978.x

H. Gift, T.F. Drury, R.E. Nowjack-Raymer & R.H. Selwitz. The state of the

nation's oral health: mid-decade assessment of Healthy People 2000. Journal of
Public Health Dentistry, 1996. 56(2): p. 84-91. https://doi.org/10.1111/].1752-
7325.1996.th02402.x

J.C. Sardi, C. Duque, F.S. Mariano, M.R. Marques, J.F. Hofling & R.B.

Gongalves, R. B. Adhesion and invasion of Candida albicans from periodontal

227


https://doi.org/10.11150/kansenshogakuzasshi.84.210
https://doi.org/10.1007/s11046-011-9418-6
https://doi.org/10.1007/s11046-011-9418-6
https://doi.org/10.5935/0004-2749.20170048
https://doi.org/10.1080/mmy.40.5.479.484
doi:10.4103/0255-0857.108731
https://doi.org/10.1016/j.ijid.2013.04.017
https://doi.org/10.1046/j.1354-523X.2003.00978.x
https://doi.org/10.1046/j.1354-523X.2003.00978.x
https://doi.org/10.1111/j.1752-7325.1996.tb02402.x
https://doi.org/10.1111/j.1752-7325.1996.tb02402.x

228

Nemmat A. Hussein et al.

59.

60.

61.

62.

63.

64.

65.

pockets of patients with chronic periodontitis and diabetes to gingival human
fibroblasts. Medical Mycology, 2012. 50(1): p. 43-49.
https://doi.org/10.3109/13693786.2011.586133.

M.A. Jabra-Rizk, S.M.S. Ferreira, M. Sabet, W.A. Falkler, W.G. Merz & T.F.

Meiller. Recovery of Candida dubliniensis and other yeasts from human

immunodeficiency virus-associated periodontal lesions. Journal of Clinical
Microbiology, 2001. 39(12): p. 4520-4522.
https://doi.org/10.3109/13693786.2011.586133.

B. EI Moudni, M.H. Rodier, C. Barrault, M. Ghazali & J.L. Jacquemin.
Purification and characterization of a metallopeptidase of Candida albicans.
Journal of Medical Microbiology, 1995. 43(4): p. 282-288.
https://doi.org/10.1099/00222615-43-4-282

J.M. Lambooij, M.A. Hoogenkamp, B.W. Brandt, M.M. Janus & B.P. Krom.

Fungal mitochondrial oxygen consumption induces the growth of strict anaerobic

bacteria.  Fungal  Genetics and Biology, 2017. 109: p. 1-6.
https://doi.org/10.1016/j.fgb.2017.10.001

P. Marsh, & E. Zaura, Dental biofilm: ecological interactions in health and
disease. Journal of Clinical Periodontology, 2017. 44: p. S12-S22.
https://doi.org/10.1111/jcpe.12679.

C.L. Kleinegger, S.R. Lockhart, K. Vargas & D.R. Soll. Frequency, intensity,

species, and strains of oral Candida vary as a function of host age. Journal of
Clinical Microbiology, 1996. 34(9): p. 2246.
https://doi.org/10.1128/jcm.34.9.2246-2254.1996.

W.K. Leung, R.S. Dassanayake, J.Y. Yau, L.J Jin, W.C. Yam & L.P.

Samaranayake. Oral colonization, phenotypic, and genotypic profiles of Candida

species in irradiated, dentate, xerostomic nasopharyngeal carcinoma survivors.
Journal of Clinical Microbiology, 2000. 38(6): p. 2219-2226.
https://doi.org/10.1128/JCM.38.6.2219-2226.2000.

P.A. Krishnan, Fungal infections of the oral mucosa. Indian journal of dental
research, 2012. 23(5): p. 650.



https://doi.org/10.3109/13693786.2011.586133
https://doi.org/10.3109/13693786.2011.586133
https://doi.org/10.1099/00222615-43-4-282
https://doi.org/10.1016/j.fgb.2017.10.001
https://doi.org/10.1111/jcpe.12679
https://doi.org/10.1128/jcm.34.9.2246-2254.1996
file:///C:/Users/c.delivery%20for%20lap/Downloads/.%20https:/doi.org/10.1128/JCM.38.6.2219-2226.2000
file:///C:/Users/c.delivery%20for%20lap/Downloads/.%20https:/doi.org/10.1128/JCM.38.6.2219-2226.2000

Mycobiota associated with teeth and oral cavity and their relevant to dental and periodontal diseases 229

66. M. Patel, Oral cavity and candida albicans: Colonisation to the development of
infection. Pathogens, 2022. 11(3): p. 335.

67. K. Haynes, Virulence in Candida species. Trends in microbiology, 2001. 9(12):
p. 591-596.

68. B. Hube, F. Stehr, M. Bossenz, A. Mazur, M. Kretschmar & W. Schéfer,
Secreted lipases of Candida albicans: cloning, characterization and expression
analysis of a new gene family with at least ten members. Archives of
Microbiology, 2000. 174(5): p. 362-374. https://doi.org/10.1007/s002030000218.

69. A. Gacser, D. Trofa, W. Schafer & J.D. Nosanchuk. Targeted gene deletion in
Candida parapsilosis demonstrates the role of secreted lipase in virulence. The
Journal of Clinical Investigation, 2007. 117(10): p. 3049-3058.doi:
https://doi.org/10.1172/JC132294

70. A.Z. Mahmoudabadi, M. Zarrin, & S. Miry, Phospholipase activity of Candida
albicans isolated from vagina and urine samples. Jundishapur Journal of
Microbiology, 2010. 3(4): p. 169-173.

71. A. Moharram, M.G. Abdel-Ati, & E. Othman, Vaginal yeast infection in patients

admitted to Al-Azhar University Hospital, Assiut, Egypt. Journal of Basic and
Applied Mycology, 2013. 4: p. 21-32.

72.S. Jacob & D. D’Souza, Comparison between virulence factors of Candida
albicans and non-albicans species of Candida isolated from genitourinary tract.
Journal of Clinical and Diagnostic Research: JCDR, 2014. 8(11): p. DC15.
https://doi.org/10.7860%2FJCDR%2F2014%2F10121.5137

73. L. de Souza Ramos, L.S. Barbedo, L.A. Braga-Silva, A.L.S. dos Santos, M.R.
Pinto & D.B. da Graca Sgarbi. Protease and phospholipase activities of Candida

spp. isolated from cutaneous candidiasis. Revista Iberoamericana de Micologia,
2015. 32(2): p. 122-125. https://doi.org/10.1016/j.riam.2014.01.003

74.A.l.  PichovA, L. Pavlickova, J. Dostal, E. Dolejsi, 0.
Hruskova-Heidingsfeldova, J. Weber, T. Ruml, & M. Soucek. Secreted aspartic

proteases of Candida albicans, Candida tropicalis, Candida parapsilosis and
Candida lusitaniae: Inhibition with peptidomimetic inhibitors. 2001.
https://doi.org/10.1046/j.1432-1327.2001.02152.x



https://doi.org/10.1007/s002030000218
https://doi.org/10.1172/JCI32294
https://doi.org/10.7860%2FJCDR%2F2014%2F10121.5137
https://doi.org/10.1016/j.riam.2014.01.003
https://doi.org/10.1046/j.1432-1327.2001.02152.x

230

Nemmat A. Hussein et al.

75

76.

77.

78.

79.

80.

81.

82.

83.

. R.B. Kaur, Ma, & B.P. Cormack, A family of glycosylphosphatidylinositol-linked
aspartyl proteases is required for virulence of Candida glabrata. Proceedings of
the National Academy of Sciences, 2007. 104(18): p. 7628-7633.
https://doi.org/10.1073/pnas.0611195104.

M.A. Farhan, AM, AM.M., T. Salah, & O.M. Shaaban. Relationship between

antifungal resistance and enzymatic activities of yeasts causing oral and vaginal

mycosis. Assuit University Journal of Botany and Microbiology, 2019. 48(1): p.
1-16. https://doi.org/10.21608/aunj.2019.220890.
J. Karkowska-Kuleta, M. Rapala-Kozik, & A. Kozik, Fungi pathogenic to

humans: molecular bases of virulence of Candida albicans, Cryptococcus
neoformans and Aspergillus fumigatus. Acta Biochimica Polonica, 2009. 56(2).
https://doi.org/10.18388/abp.2009 2452

M.A. Pfaller and D. Diekema, Epidemiology of invasive candidiasis: a persistent
public health problem. Clinical Microbiology Reviews, 2007. 20(1): p. 133-163.
https://doi.org/10.1128/CMR.00029-06

J.E. Cutler, Putative virulence factors of Candida albicans. Annual review of
microbiology, 1991. 45(1): p. 187-218.

N.A. Hussein, Z.S. Soliman, and M.F. Edrees, Oral microbiota associated with

gingiva of healthy, gingivitis and periodontitis cases. Microbial Pathogenesis,
2022. 171: p. 105724. https://doi.org/10.1016/j.micpath.2022.105724

P.F. Duarte, M.A. Chaves, C.D. Borges & C.R.B. Mendonca. Avocado:
characteristics, health benefits and uses. Ciéncia rural, 2016. 46: p. 747-754.

C.M. Pannuti, J.P.D. Mattos, P.N. Ranoya, A.M.D. Jesus, R.F.M. Lotufo, & G.A.
Romito. Clinical effect of a herbal dentifrice on the control of plaque and

gingivitis: a double-blind study. Pesquisa Odontoldgica Brasileira, 2003. 17: p.
314-318. https://doi.org/10.1590/S1517-74912003000400004.

Y.X. Seow, C.R. Yeo, H.L. Chung & H.G. Yuk, Plant essential oils as active
antimicrobial agents. Critical reviews in food science and nutrition, 2014. 54(5):
p. 625-644. https://doi.org/10.1080/10408398.2011.599504.



https://doi.org/10.1073/pnas.0611195104
file:///C:/Users/c.delivery%20for%20lap/Downloads/.%20https:/doi.org/10.21608/aunj.2019.220890
https://doi.org/10.18388/abp.2009_2452
https://doi.org/10.1128/CMR.00029-06
https://doi.org/10.1016/j.micpath.2022.105724
https://doi.org/10.1590/S1517-74912003000400004
https://doi.org/10.1080/10408398.2011.599504

Mycobiota associated with teeth and oral cavity and their relevant to dental and periodontal diseases 231

84.J. Sikkema, J.A. de Bont, & B. Poolman, Interactions of cyclic hydrocarbons
with biological membranes. Journal of Biological Chemistry, 1994. 269(11): p.
8022-8028. https://doi.org/10.1016/S0021-9258(17)37154-5.

85. H. Elgamily, O. Mosallam, H. El-Sayed and R. Mosallam. Antibacterial

effectiveness of probiotic-based experimental mouthwash against cariogenic
pathogen: An in vitro study. European Journal of Dentistry, 2018. 12(01): p. 007-
014. Doi: 10.4103/ejd.ejd_253 17.

86. Jarvinen, H., J. Tenovuo, & P. Huovinen, In vitro susceptibility of Streptococcus

mutans to chlorhexidine and six other antimicrobial agents. Antimicrobial Agents
and Chemotherapy, 1993. 37(5): p. 1158-1159.
https://doi.org/10.1128/AAC.37.5.1158.

87. A. Ellepola & L. Samaranayake, Adjunctive use of chlorhexidine in oral

candidoses: a review. Oral Diseases, 2001. 7(1): p. 11-17.
https://doi.org/10.1034/].1601-0825.2001.70103.x



https://doi.org/10.1016/S0021-9258(17)37154-5
file:///C:/Users/c.delivery%20for%20lap/Downloads/10.4103/ejd.ejd_253_17
https://doi.org/10.1128/AAC.37.5.1158
https://doi.org/10.1034/j.1601-0825.2001.70103.x
https://doi.org/10.1034/j.1601-0825.2001.70103.x

