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ABSTRACT
Candida albicans is an opportunistic fungus causing various
forms of candidiasis. However, under certain circumstances
it is capable of becoming pathogenic. Pathogenicity of oral
candidiasis is a complex process and there is no one factor
that can be regarded as the direct cause. This review aims
to explain the virulence factors of Candida albicans in oral
candidiasis infection and its relation to homeostasis in the mouth.
Virulence factors of Candida albicans which is closely related to
the nature of pathogens include: adherence and coaggregation,
interference of immune system, phenotype switching and
several supporting factors such as antibiotic resistance and
immunomodulating.
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INTRODUCTION
Candida albicans is an opportunistic fungus causing various
forms of candidiasis. Genus of Candida albicans consists
of number of species that associated with human disease.
Candida albicans is a commensal living in various parts of
the human body and animals,1 is the most common species
found to cause oral candidiasis. Oral carrier rate in the
normal population varies about 20%. Candida albicans is a
major organism associated with infection, but other species
such as Candida parapsilosis and Candida krusei can also
be pathogenic to humans.2
In humans, the Candida albicans is frequently isolated
from mucosal surfaces in the mouth, esophagus and
gastrointestinal tract, therefore Candida albicans is often
IRXQGDVLVRODWHVIURPWKHRUDOFDYLW\DVQRUPDOÀRUDDQG
cause candidiasis with various forms of manifestations and
clinical symptoms.1
Pathogenicity of oral candidiasis is a complex process
and there is no one factor that is able to be the direct cause.3
Presence of supporting factors such as host or fungus is
needed in the process of invasion of Candida albicans.
Candida albicans infection is closely associated with
virulence factors. Such diversity is an indication that in the
mouth there are a variety of virulence factors of Candida
albicans in oral candidiasis. 4 Based on this problem,
understanding the mechanisms of infection of Candida

albicans will support, improve laboratory diagnosis and
treatment of Candida albicans. The aim of this review is
to describe virulence factors of Candida albicans in oral
candidiasis infection and its relation to homeostasis of oral
ecosystem.
DISCUSSION
6JG%NCUUKſECVKQPQH(WPIK
)XQJL DUH FODVVL¿HG RQ WKH EDVLV RI WKH IRUP RI VH[XDO
UHSURGXFWLRQEXWDWWKHVH[XDOVWDJHIXQJLDUHGLI¿FXOWWR
be induced and rarely observed in clinical material. Most
fungi produced through the formation of conidia in mitosis
stage providing has same chromosome number. Conidia are
produced through propagative form of asexual reproduction.
Some of the fungi formed macroconidia and microconidia.
There are three conidial structures, namely: arthroconidia,
blastoconidia and chlamydoconidia.5
Arthroconidia or artrospora known as the structure
resulting from fragmentation of a hyphae into individual
cells, such as Coccidioides immitis. The second form,
blastoconidia (chlamydospora) is a simple structure that is
formed from the bud sprouting with subsequent separation of
stem cells, such as found in yeast. The third form of conidia,
chlamydoconidia or often referred to as chlamydospora
shows the structure of the tip cells in enlarge hyphae and
cause cell wall thickening. This structure is resistant to
unfavorable environmental conditions and will germinate
when conditions become more favorable for vegetative
growth, such as Candida albicans.5
Mycotic Infections
It has been known that there are thousands of species of yeast
and fungi, but only a 100 species cause disease in humans
and animals (the others cause disease in plants). While only
a species of dermatophytes and Candida albicans is often
transmitted from one person to others.6 Human mycotic
LQIHFWLRQV DUH JURXSHG LQWR VXSHU¿FLDO IXQJDO LQIHFWLRQV
cutaneous, subcutaneous and profunda (or systemic).
6XSHU¿FLDO IXQJDO LQIHFWLRQV FXWDQHRXV RU VXEFXWDQHRXV
on the skin, hair and nails can become chronic and resistant
to treatment but rarely affects the general health of the
patient. The mycoses profunda caused by pathogenic fungi
or opportunistic fungi that infected patients by immunologic
disorders. The mycoses profunda can cause systemic
disorder which can sometimes have fatal consequences.5
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Morphology of Candida albicans

Adherence and Coaggregation

Candida albicans yeast appear as oval, buds, Gram-positive,
VL]H  î  ȝP DQG KDV EXGGHG FHOOV WKDW UHVHPEOH
elongated hyphae (pseudohyphae). 5 Candida albicans
ferment glucose and maltose, produce acid and gas;
ferment acid from sucrose, and do not react with lactose.
The carbohydrate fermentation along with the properties
and morphology distinguish colonies of other candida.6
The clinical appearance of Candida albicans especially in
infants occurs in the lining mucosa of cheek and appear
as white patches that are mostly composed of epithelial
pseudomycelium, and there is only minimal erosion in lining
area. Growth of Candida albicans in the mouth will be more
fertile when accompanied by corticosteroids, antibiotics,
KLJKJOXFRVHOHYHOVDQGWKHLPPXQRGH¿FLHQF\FRQGLWLRQ7

Adherence

The Pathogenicity of Candida albicans
Oral candidiasis is one of the manifestations of mucocutaneous
infections in the oral mucosa that is triggered by physiological
changes and disturbances of homeostasis in the immune
system of patients.8 In other words, the integrity changes
of host immune system is an important factor to determine,
whether the Candida albicans will still behave as commensal
on the mouth ecosystem or able to proliferate, resulting in
oral candidiasis. This chronic condition, is caused by a defect
of cellular immune response of patients.4
Potential of Candida albicans to form colonies,
penetrate and cause infection in the mouth depends on
the imbalance of virulent factors that determines the
presence of microorganisms and certain defects of the
host immune system.8 Manifestations of oral candidiasis,
basically due to the opportunities that allow the Candida
albicans can selectively express virulent factors that are
required to exist for Candida albicans as pathogen.9 One
pathogenic properties of Candida albicans is its ability
to form chlamydospora. Chlamydospora is a refractile
cell, thin-walled, and formed on the terminal or lateral of
hyphae and occasionally on pseudohypha.1 The formation
of chlamydospora is developed by the environment that
has limited oxygen in circumstances of low temperatures.10
That means, the success of Candida albicans to exist as
a pathogen in the mouth is closely associated with the
expression of certain genes, which are required to adapt to
the various phases of infection in the mouth.
Virulence Factor of Candida albicans
There are several virulence factors of Candida albicans in
oral candidiasis infection and its relation to homeostasis of
host in the mouth, namely:
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Virulence factor of Candida albicans are determined
by cell wall. Cell wall plays an important role because
this part directly interacts with host cells. Cell wall of
Candida albicans contains substances that are essential
for virulence, such as derivatives mannoprotein that have
immunosuppressive properties to enhance the defense of
candida against immune system of host.9,11 The mechanisms
of Candida albicans infection are very complex, including
adhesion and invasion, changes of cell shape morphology
from yeast form into filaments form (hyphae), biofilm
formation, and able to avoid from host immune cells. The
ability of Candida albicans attached to host cells is an
important factor in the early stages of colonization and
infection.10
Adhesion may occur due to the expression of various
antigens on the cell surface that act as adhesion molecules.
This expression was recognize as extracellular protein that
found on the surface epithelial of cells host.12 Proteins that
DFWVDVDPHGLDWRURIDGKHVLRQZHUHFODVVL¿HGDVSURWHLQV
VHUXP VHUXP DOEXPLQ DQG WUDQVIHUULQ ¿EULQRJHQ &'
complement fragments and iC3b complement fragment);
H[WUDFHOOXODUPDWUL[SURWHLQV ODPLQLQ¿EURQHFWLQHQWDFWLQ
vitronectin, collagen); mannan adhesins and other binding
proteins (mannan adhesiQVK\GURSKRELFSURWHLQV¿PEULDH
plastic-binding protein, epithelial binding lectin-like protein,
agglutinin-like proteins, adhesion on Streptococcus species,
other bacteria), as well as adhesion to saliva.9
This adhesion will cause the transformation of Candida
albicans from blastopore into chlamydospora form. The
ability of Candida albicans transformed into pseudohyphae
was one of important virulence factor.1 Hyphae have a higher
YLUXOHQFHWKDQWKHVSRUHIRUPEHFDXVH¿UVWLWZDVELJJHUDQG
PRUHGLI¿FXOWWRSKDJRF\WHE\PDFURSKDJHFRQVHTXHQWO\
immune cell need other mechanisms to eliminate hyphae
on infected tissue.12 Second, the presence of multiple
EODVWRFRQLGLDSRLQWVRQWKH¿ODPHQWLQFUHDVLQJDODUJHDPRXQW
of infectious elements.9 Adhesions may occur in epithelial
cells of the mouth and polymethylmethacrylate (PMMA)
denture materials with lectin-like component that acts as a
mediator of adhesion. Mediator components will interact
with mono- or disaccharide host.9 In hyphae, adhesion will
more increasingly as big as lectin-like component to be taken
out.13 Epithelial penetration by hyphae were facilitated by
aspartyl proteinases and phospholipase.14
The penetration that occurs can disrupt the epithelial
surface by extracellular neutralization and acid protease
of Candida albicans opening an opportunity of Candida
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albicans to adhere. Candida albicans adhere to the mucosal
surface, then compete other microorganisms saprophyte
FRPPHQVDOLQPRXWKIRUQXWULHQWV,IWKHSODFHRIPLFURÀRUD
was disturbed, Candida albicans will grow up unstoppable
to facilitated infectious.1,2
On candidiasis erythematous case, Candida albicans
showed strong adherence to PMMA.15,16 According to
several studies Candida adhesion onto PMMA-based
resins is a common source of oral cavity infection and
VWRPDWLWLV'HQWXUHLQVWDOODWLRQVZHUHNQRZQDVIDYRUDEOH
environment making Candida albicans settle in the oral
mucosa.17 Cells of tip or hyphae enlarged and cell walls
was thickened. In other words, environmental conditions are
one of important key role for Candida albicans conducted
different morphological forms and morphogenic change to
increasing of pathogenicity.

phospholipase to reducing the production of saliva. 14
Moreover, the effect of pathogenicity of Candida albicans
and coaggregates with S. mutants improving of acid
production which will be followed by decreased sIgA and
¿QDOO\GLVDGYDQWDJHIRULPPXQRORJ\UHVSRQVHV8,12
Interference of Complement
The complement system is a mediator to opsonization and
chemotaxis by preparing antigen for phagocytosis. The only
certain of adhesion molecules expressed on the cell surface
of pseudohyphae. Adhesion molecule by complement
LQWHUIHUHQFHLVDUHFHSWRURI&'DQGL&E([SUHVVLRQRI
protein molecules on the cell surface of Candida albicans
will affect the pathogenicity of Candida albicans.2
Interference of Phagocytosis

'LPRUSKLF WUDLW YLUXOHQFH IDFWRU RI Candida albicans
was instrumental in phagocytosis interference, even
Coaggregation usually occurs in chronic atrophic candidiasis some researchers claiming it as pleomorfic.8 '\QDPLF
and effect of mediation S. mutans that found in denture morphological properties is a way to adapt Candida albicans
surface. Streptococcus mutans plays an important role in to surroundings environment. The two main forms of
the colonization of Candida albicans. Previous study stated Candida albicans is a yeast form and pseudohyphae form
that C. albicans and S. mutans enhance binding to each other which are also referred to as mycelium. This change is known
and to surfaces in the presence of sucrose. Scanning electron as process of adaption of Candida albicans to environmental
microscopy images also reveal glucan-like structures that from commensal into pathogen.7 In circumstances pathogen,
form between cocci and yeasts, suggesting that glucans may Candida albicans are more commonly found in the form of
play a role in mediating their interactions.18
P\FHOLXPRUSVHXGRK\SKDHRU¿ODPHQWVWKDQVSRUHVRQHV
Lipoprotein known as mediator of adhesion of S. sanguis Growth and changes in the form of yeast into a more invasive
that has a dual function in recognizing by receptors of hyphae also affected the cellular immunity.
carbohydrate and some receptors that presented in saliva.
The occurrence of phagocytosis interference will result
&DUERK\GUDWH UHFHSWRUV RQ DGKHVLRQ FDQ EH SXUL¿HG E\ in decreasing the serum levels of complement and inability
¿YH W\SHV RI VWUHSWRFRFFL LQ WKH RUDO FDYLW\ 7KLV VKDUHG of PMN. Phagocytosis by PMN and macrophages can be
DJJUHJDWLRQFDQVSHFL¿FDOO\LQKLELWFRDJJUHJDWLRQRIDQRWKHU inhibited by peptides and acid production of extracellular
type.2
glycoprotein of Candida albicans. Systemic candidiasis
Other research states that Candida albicans ATCC 10261 is also associated with the absence of myeloperoxidase
and CA2 bind to oral bacteria such as Streptococci.19 Cell and hydrogen peroxide in phagocytic cells. Therefore, the
persistence of Candida albicans in the oral cavity may be function of phagocytic cells cannot process the macrophage
possible because these fungi expressed different antigens activating factor (MAF). With the absence of MAF,
on cell surface. These antigens act as adhesion molecules macrophages cannot adhere to cell Candida albicans through
that recognize extracellular proteins same as found on the mannose receptor membrane or by attaching vitronectin
surface of epithelial cells. This interaction causing the cell (a cell adhesion glycoprotein). Macrophages eventually will
Candida albicans adhere to the mucosal surface and allow not be able to produce nitrogen monoxide that is known as
the invasion of the epithelial tissue. This interaction leads fungicidal.11
to the transformation of yeast cells to form pseudohyphae
blastopore.
Phenotype Switching
Coaggregation

Interference of Immune System
Interference of sIgA
Interference of sIgA begins with epithelial penetration
by hyphae and supported by aspartyl proteinase and

Aspects of molecular phenotype has not clearly revealed.
Some researcher supposed that it is more common in
WKH YLUXOHQW VWUDLQ FRPSDUHG WR ÀRUD QRUPDO3 Example,
FDQGLGLDVLVLQSDWLHQWVZLWK$,'69 Changes in the phenotype
RI D ¿ODPHQW ZLOO SHQHWUDWH LQWR HSLWKHOLXP DQG UROH LQ
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phenotype switching, and several supporting factors such
infection and spread of Candida albicans to cells of host.
Candida albicansWKDWFDQIRUPELR¿OPVLVWKRXJKWWREH
as antibiotic resistance and immunomodulation.
involved in the attacking of host cells and is associated 2. Immune components that are involved in the virulence
with resistance to antifungal properties. Morphology of
and pathogenicity of Candida albicans are sIgA,
Candida abicans supports the composition changes. Colonies
complement, phagocytes and macrophages.
of some strains of Candida albicans is able to change the 3. Adaptation will affect the fat content and sterols in
shape.20 Adaptation will be conducted in accordance with
the cell wall which will give effect to the attachment
the location in the oral cavity as a commensal or a pathogen.
to the mucosal epithelium, antigen expression and
This will affect the fat content and sterols in the cell wall
susceptibility to antifungal preparations.
affected the attachment of Candida albicans to mucosal  &KDQJHV LQ WKH SKHQRW\SH RI D ¿ODPHQW IRUP DOORZV
epithelium, consequently improving antigen expression and
Candida albicans to penetrate into epithelium and has
susceptibility to antifungal preparations.3
role in infection and spread in host cell.
5. Antibiotics suppress the growth of microorganisms
Supporting Factor
that are competitive against Candida albicans, making
candida
easier to form colonies.
Antibiotic Resistance
6. HSP (Hsp90 and Hsp70) also play a role in stimulating
Candida albicans not only attached into mucosa, but is
a response in the growth process.
also able to penetrate. Aspartyl proteinase enzymes will
support Candida albicans having early stages to penetrate
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