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INTRODUCTION 
The Candida spp. are opportunistic 
pathogens that can cause disease in hosts 
who are compromised by underlying local 
or systemic pathological processes1, 2. 
Candida albicans is the species most often 
associated with oral lesions, but other 
Candida spp., including C. glabrata, C. 
tropicalis, C. parapsilosis, C. krusei, and C. 
dubliniensis have also been isolated (2) in 
the saliva of subjects with and without oral 
candidiasis. The isolation of Candida from 
the oral cavity does not imply the presence 
of disease3. Fungal organisms commonly 
colonize the tongue, palate, and buccal 
mucosa. Such colonization may also occur in 
sub gingival plaque of adults with 
periodontitis4.  

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 bio film and adhere to epithelial cells. 
These interactions, which are associated 
with their capacity to invade gingival 
conjunctive tissue, may be important in 
microbial colonization that contributes to 
progression of oral diseases5, 6. In addition 
to these properties, Candida spp. also 
produces enzymes, such as the collagenases 
and proteinases that degrade extracellular 
matrix proteins, and immunoglobulins5. 
Barros et al.7 investigated the genetic 
diversity and production of exoenzymes in 
C. albicans and C. dubliniensis isolated from 
the oral cavity of systemically healthy 
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patients with periodontitis. They verified 
that genetically homogeneous strains of C. 
albicans were present in the oral cavity of 
these patients and that these strains were 
capable of producing high levels of 
exoenzymes. 
The attachment of Candida spp. to oral 
epithelium is the first step in the 
colonization process, after which local and 
systemic host defence mechanisms are 
activated to combat fungal proliferation and 
infection. This local defence comprises 
lactoferrin, β-defensins, histatins, lysozyme, 
transferrin, lactoperoxidase, mucins, and 
secretory immunoglobulin A (sIgA)8. The 
innate immunity system also recognizes 
specific cell-wall surface proteins of 
Candida spp. and participates in the 
response against Candida infection9. 
Species of Candida, especially C. albicans, 
have been recovered from periodontal 
pockets in 7.1% to 19.6% of patients with 
chronic periodontitis4, 10. Urzúa et al.11 
observed that C. albicans and C. dubliniensis 
were capable of colonizing periodontal 
pockets in patients with chronic 
periodontitis, while only C. albicans was 
identified in the sub gingival micro flora of 
healthy individuals and patients with 
aggressive periodontitis. Cancer, diabetes 
mellitus, and immunosuppressive 
conditions such as acquired 
immunodeficiency syndrome (AIDS) 
increase host susceptibility to these 
infections. Feller et al.12 observed higher 
prevalence of Candida spp. in the oral 
cavity, and specifically in the sub gingival 
bio film, of human immunodeficiency virus 
(HIV)-seropositive patients. In the present 
report, we briefly review the literature on 
the role of Candida spp. in periodontal 
disease, consider the main virulence factors 
and host immune responses to these 
microorganisms, and describe the effects of 
concomitant immunosuppressive 
conditions. 
 
Virulence factors of Candida spp. 
Candida albicans is frequently found in 
humans, and often resides on skin, mucosa, 
and normal gingival sulcus of otherwise 
healthy individuals. In compromised hosts, 
however, Candida albicans can cause 
serious disease, ranging from deep-seated 

mucosal infection to systemic infections1, 13. 
Several factors have been proposed as 
virulence factors of Candida spp., including 
adhesion; phenotypic diversity; hyphal 
formation; production of phospholipases, 
proteinases, or other metabolites; 
synergistic coaggregation or competition 
with bacteria; and mechanisms for 
adaptation in the host environment13. The 
capacity of Candida spp. to adhere to 
different cells is important in its 
dissemination, infection, and persistence in 
oral and other tissues. Nikawa et al.14) 
quantitatively evaluated the adhesion of 
oral isolates of C. albicans, C. tropicalis, and 
C. glabrata to human gingival epithelial 
cells, gingival fibroblasts, and pulmonary 
fibroblasts. They observed that most 
Candida strains had significantly higher 
adherence to gingival epithelial cells than to 
either type of fibroblast. However, 
environmental factors such as diet, 
composition of body fluids, and presence of 
antifungal agents may also cause changes in 
the cell surface and thereby modulate 
Candida adhesion.  
Candida spp. has developed several 
virulence traits that facilitate invasion of 
host tissues and evasion of host defence 
mechanisms. One such group of virulence 
factors is the hydrolytic enzymes, which are 
secreted extracellularly by these 
microorganisms. Important hydrolytic 
enzymes include the phospholipases and 
secreted aspartyl proteinases (SAPs): 7 
phospholipase genes (PLA, PLB1, PLB2, 
PLC1, PLC2, PLC3, and PLD1) and 10 SAP 
genes (SAP1 to SAP10) have been identified 
in C. albicans15, 16. Although their roles in 
pathogenesis have not been fully elucidated, 
it is known that phospholipases facilitate 
adherence to tissue, in addition to 
degrading phospholipids present in the cell 
membrane, which ultimately leads to cell 
lysis. Similarly, SAP9 and SAP10 collaborate 
in adherence, tissue damage, and evasion of 
host immune response17. Adherence to 
epithelial cells is the first step in C. albicans 
colonization, and is followed by the 
establishment of mucocutaneous infection. 
It has been proposed that SAPs produced by 
C. albicans digest the surface of epithelial 
cells, thereby providing an entrance into the 
cell18. In an investigation of the interaction 
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between this microorganism and epithelial 
cells, it was found that hyphae are the 
invasive form of the organism, and that 
blastospores are generally found either on 
the surface of or between epithelial cells18. 
Invasion of epithelial cells by C. albicans can 
also occur by means of endocytosis, in 
which pseudo pods surround the organism 
and pull it into the cell19. Although both 
yeast and hyphal-phase organisms are 
capable of inducing endocytosis, hyphae are 
more efficient at stimulating this process, 
suggesting that, in this form, C. albicans 
expresses specific invasive molecules on its 
surface, and that these bind to 1 or more 
epithelial cell receptors and induce 
endocytosis20. 
In addition to these virulence factors, co 
aggregation has been observed between 
some species of Candida and other oral 
microorganisms, but the extent of this co 
aggregation depends on growth conditions 
such as temperature21. These interspecies 
interactions may be important in the 
microbial colonization that contributes to 
the progression of oral diseases. It has been 
suggested that the initial interspecies 
association is followed by a tight adhesion-
receptor interaction, mediated by a 
mannoprotein in C. albicans22. Hydrophobic 
proteins in the polysaccharide matrix of the 
C. albicans cell wall contribute to the 
strength of this adhesion receptor, and 
increase the pathogenicity of the yeast22. 
Indeed, hydrophobicity has been found to 
be correlated with increased virulence in 
Candida spp., because hydrophobic cells are 
more adherent to host cells and substrates, 
including mucin and extracellular matrix 
proteins23.  
Because microorganisms exist in 
polymicrobial communities, the capacity of 
yeasts to coexist with commensal or 
pathogenic bacteria is an important 
virulence factor. The quantitative and 
qualitative characteristics of coexisting 
microorganisms may therefore influence 
Candida biofilm formation. Thein et al.24 
evaluated the effects of oral bacteria, 
including the periodontopathogens 
Prevotella nigrescens and Porphyromonas 
gingivalis, on the development of Candida 
albicans biofilm in vitro. They observed a 
reduction in yeast counts when these 

microorganisms were co cultured with 
Candida bio film, possibly because 
metabolites produced by anaerobes 
interfere with bio film physiology or 
because the physical presence of bacteria 
inhibits bio film growth. In assessing the 
effectiveness of antifungal, studies using 
mixed bio films are of greater value than 
those using isolated species.  
Haemolysin is another virulence factor that 
contributes to the pathogenesis of Candida. 
The secretion of hemolysin, followed by 
iron acquisition, facilitates hyphal invasion 
in disseminated candidiasis25. An elevated 
blood glucose concentration may 
contribute, directly or indirectly, to 
increased hemolysin activity among C. 
albicans isolates in diabetic patients26. In 
addition to physiological factors, the study 
of genotypic diversity, as assessed by 
molecular typing techniques, has become 
fundamental in elucidating the 
epidemiology of Candida isolates. Pizzo et 
al.27 suggested that heterogeneity within 
subgingival C. albicans isolates results not 
only from the spreading of Candida 
microorganisms from saliva or biofilm, but 
also from new strains adapting to 
subgingival pockets and developing 
different virulence properties.  
Studies have demonstrated that Candida 
spp. can adapt to an adverse host 
environment by altering pH, oxygen 
concentration, and nutrient availability. 
Environmental pH has profound effects on 
cells. Firstly, proteins have pH optima for 
activity, and become nonfunctional when 
pH is changed28. Alterations in pH also 
stress fungi by disturbing the acquisition of 
nutrients, including iron28. Iron is stored 
intracellularly in ferritin complexes. It is 
bound by transferrin in tissues and by 
lactoferrin on mucosalsurfaces, and is an 
important facet of innate immunity28. The 
effects of pH and innate immunity limit iron 
acquisition by pathogenic fungi. However, 
signalling pathways allow fungi to sense 
alterations in environmental pH and change 
the expressions of the genes – that regulate 
modifications in the morphology of Candida 
spp. (i.e., PHR1 and PHR2), resulting in 
either acidic pH-promoting yeast cell 
growth or neutral-alkaline pH-promoting 
filamentous growth28. Moreover, Candida 
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spp. can grow in both aerobic and anaerobic 
conditions, and have developed adaptive 
mechanisms to survive in both conditions. 
Oxygen can generate reactive products 
during infection and induce an oxidative 
stress response. Treatment of C. albicans 
with low concentrations of either hydrogen 
peroxide or menadione (a superoxide-
generating agent) induces a redox potential 
with the activation of antioxidant enzymes, 
which protects cells from the lethal effects 
of a subsequent challenge with higher 
concentrations of these oxidants29. The 
presence of anaerobic environments, such 
as those in root canal systems and 
periodontal pockets, can lead to 
polymicrobial infections. Rosa et al.30 found 
that SAP secretion consistently increased in 
cultures of C. albicans strains, when strains 
recovered from periodontal pockets and 
intraoral sites not associated with the 
periodontium were grown under anaerobic 
conditions. This suggests that oxygen 
concentration in the atmosphere 
surrounding cells influences the virulence 
attributes of C. albicans.  
The presence of a large amount of 
carbohydrate in the oral cavity influences 
several virulence factors of Candida spp. 
Incubation in sucrose, glucose, fructose, or 
maltose promotes adhesion of C. albicans, C. 
tropicalis, and C. krusei to epithelial cells31, 
increases acid production, and lowers pH, 
with consequent activation of acid 
proteinases and extracellular 
phospholipases – factors involved in yeast 
adhesion32. Polysaccharides such as as 
[DK1] rhamnose, mannose, and N-acetyl-
glucosamine are present in the skeletal cell 
wall33 and biofilm matrix34, which make 
them targets for the development of 
therapies capable of disrupting cells and bio 
films. In the tridimensional structure of the 
biofilm, there are a variety of covalently 
linked cell wall proteins (CWPs) that play a 
direct role in the response to several stress 
conditions1. Genomic transcript analysis 
and, to a lesser extent, cell wall proteome 
analysis have shown that the response of C. 
albicans to certain forms of stress often 
includes dramatic changes in the protein 
levels of CWPs, which confirms that these 
proteins play a crucial role in virulence and 
that their expression is tightly controlled1. 

Recognition of Candida spp. by the 
immune system 
The oral epithelium is an effective primary 
barrier against invasion by a number of oral 
commensals, including Candida spp. Once 
this barrier is breached, other innate 
immune mechanisms, such as the 
interleukins (ILs) and colony-stimulating 
factors of epithelial cells, come into play35. 
Other local defence mechanisms against 
mucosal infection include the salivary 
proteins (e.g., lactoferrin, β- defensins, 
histatins, lysozyme, transferrin, 
lactoperoxidase, and mucins) and secretory 
immunoglobulin A (sIgA), which are 
activated in the immune response against 
Candida infection8. These salivary proteins 
can impair adhesion and growth of Candida 
in the oropharyngeal cavity8. The adherence 
of C. albicans to oral epithelia is the first 
step in the infection process and enables the 
yeast to overcome the normal flushing 
mechanism of body secretions36. Host 
defence mechanisms against mucosal 
candidiasis are not well understood, but 
include both innate and adaptive responses. 
Phagocytic cells recognize pathogens by 
means of a variety of pattern recognition 
receptors (PRRs), including toll-like 
receptors (TLRs). The TLR family is a class 
of 13 receptors that are abundantly 
expressed on innate immune cells – such as 
macrophages, dendritic cells (DCs)37, 
monocytes, neutrophils – and in the 
mucosal epithelium of the mouth, middle 
ear, and nasopharynx38. Neutrophils 
strongly express phagocytic receptors such 
as complement receptor 3 (CR3) and Fcγ-
receptors (FcγRs), which facilitate uptake 
into the fungus. Complement binding and 
activation is mediated by the alternative 
pathway. Complement activation is mainly 
important for chemotaxis and opsonization 
in C. albicans, but not in C. albicans lyses, in 
which it is prevented by the thick and 
complex cell wall8,39. Several 
membranebound receptors localized in 
macrophages, monocytes, neutrophils, and 
dendritic cells contribute to the 
phagocytosis of C. albicans. These include 
dectin 1, dendritic cell-specific intercellular 
adhesion molecule-3- grabbing non-integrin 
(DC-SIGN), and mannose receptor (MR). 
Dectin 1 is a myeloid-expressed 



IJPCBS 2012, 2(4), 633-643         Shibendu Biswas et al.                       ISSN: 2249-9504 

637 

transmembrane receptor that, in response 
to fungi, induces a respiratory burst 
resulting in production of toxic oxidants40. 
DCSIGN is a receptor that is specifically 
expressed on the cell membrane of 
dendritic cells (DC), which have been shown 
to directly mediate uptake of fungal 
particles in transfected cell systems40. MR is 
found in macrophages and dendritic cells, 
but its ability to mediate phagocytosis has 
recently been questioned41. Recognition of 
C. albicans by the immune system triggers 
the production of the Th1 and Th2 
cytokines, mainly by CD4+ T cells. The TLRs 
(TLR2, TLR4, TLR6, and TLR9) are also 
involved in triggering these cytokine 
responses – which are linked to 
mechanisms of innate and acquired 
immunity – together with the participation 
of cells such as macrophages, neutrophils, 
and dendritic cells9. 
In general, upon recognition of microbial 
structures, TLRs activate either the NFκB 
(nuclear factor κB) or MAPK (mitogen-
activated protein kinase) pathway, which 
leads to the production of different 
cytokines42. Furthermore, some studies 
have found that TLR2 and TLR4 play roles 
in modulating Th1 and Th2 immune 
responses against Candida. There is also 
evidence indicating that TLR2 can recognize 
blastoconidia and hyphae of C. albicans, 
while TLR4 recognizes only blastoconidia. 
Van der Graaf et al.43 showed that the 
recognition of hyphae and blastoconidia by 
TLR2 induces a Th2 immune response, 
culminating in the synthesis of IL-10 and IL-
4 cytokines, which are capable of inhibiting 
the Th1 pattern response. As a result, 
elimination of C. albicans is slowed and the 
microorganism can disseminate in the host. 
Blastoconidia are recognized by TLR4, 
which markedly stimulates 
proinflammatory cytokines such as IFN-γ 
(interferon-γ), IL-6, TNF-α (tumor necrosis 
factor- α), and IL-12. Th1 or Th2 responses 
seem to be an important determinant of the 
host’s ability to contain infection. Th1 
responses are correlated with protection of 
the host, and the progression of infection is 
associated with the predominance of Th2 
responses (44). A balance between Th1 and 
Th2 cytokines may thus be important in 
ensuring optimal antifungal protection 

while minimizing immune-mediated 
damage. Studies have shown that C. albicans 
induces immunosuppression through TLR2- 
mediated IL-10 release, and that this can 
lead to the generation of CD4+CD25+ 
regulatory T cells with immunosuppressive 
potential9. In addition, in vivo models 
indicate that regulatory T cells attenuate 
Th1 antifungal responses, induce tolerance 
to the fungus, and participate in the 
development of long-lasting protective 
immunity after yeast priming8.  
It must be emphasized that in candidiasis, 
the different mechanisms of the immune 
system, as described above, act 
synergistically, i.e., they cooperate with and 
modulate each other in the process of 
combating fungal infection45. The immune 
response to Candida spp. is related mainly 
to the different cytokines and chemokines 
produced by Th1 or Th2 cells; however, 
concomitant humoral immune responses to 
oral candidiasis and C. albicans specific IgA 
and IgG antibodies have been observed46,47. 
The exact mechanisms by which these 
antibodies protect against Candida infection 
are unknown, but are likely to include 
inhibition or germ tube formation, 
opsonization, neutralization of virulence-
related enzymes, and direct yeast activity45. 
Inhibition of C. albicans adhesion to host 
surfaces is mediated by antibodies, and the 
extent of this inhibition has been analyzed 
in saliva samples. Fungi can also activate 
the complement system by the classical and 
alternative pathways, with deposition of C3 
on the cell fungal surface. Complement 
activation facilitates the recruitment of 
phagocytes to infected tissues and enhances 
their anticandidal activity8. It has been 
observed that the protective potential of 
antibodies with enhanced phagocytosis and 
the killing of fungus depends upon epitope 
specificity, serum titer, and the ability of the 
complement system to bind in the fungal 
surface8. Few studies have been designed to 
investigate the immune response against 
Candida spp. in periodontal disease. 
Phagocytosis and killing of C. albicans by 
polymorphonuclear (PMN) cells were 
compared in patients who received organ 
transplants and those with periodontal 
disease. PMN cells were isolated and, after 
20 min incubation, the phagocytosis of C. 
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albicans and the intracellular killing rate 
were determined. The authors found no 
significant decrease in phagocytosis 
between transplant patients and those with 
periodontal disease. However, the killing 
activity of PMN cells was lower in these 2 
patient groups than in healthy controls, an 
effect that was unrelated to the severity of 
periodontal disease48. These results suggest 
that a reduction in killing activity, whether 
spontaneous or drug-induced, contributes 
to the development of periodontal disease42. 
Using an enzyme-linked immunosorbent 
assay and whole unstimulated and 
stimulated saliva, Hägewald et al.49 analyzed 
total IgA, IgA subclass 1, IgA subclass 2, and 
IgA reactivity to Aggregatibacter 
actinomycetemcomitans, Treponema 
denticola, and C. albicans. Significantly low 
concentrations and secretion rates of total 
salivary IgA, IgA1, and IgA2 were found in 
aggressive periodontitis. For all 3 
microorganisms tested, the proportion of 
bacteriareactive IgA in total IgA was 
significantly higher in the aggressive 
periodontitis group. In saliva, the pattern of 
humoral IgA response to C. albicans was 
similar to that of the A. 
actinomycetemcomitans and T. denticola 
antibodies. In addition, during activation of 
the bacteriareactive humoral immune 
system in saliva, the authors observed 
inhibition of total secretory IgA, in 
particular IgA subclass 1, in aggressive 
periodontitis. Further studies are needed to 
elucidate the mechanisms of the immune 
system that control and eliminate Candida 
spp. from the host. 
 
Immunosuppressive conditions and 
proliferation of Candida spp. In 
periodontal patients 
Periodontal alterations are believed to be 
the result of an exacerbated immune 
response against host tissues. Changes in 
cellular and humoral immune responses50 
may allow different species, such as 
Candida, to colonize the subgingival 
environment51. It has been reported that the 
proportion of yeasts in periodontal pockets 
is similar to that of some bacterial 
periodontopathogens, which suggests a role 
for Candida spp. in the pathogenesis of the 
disease52, 53. However, it is not yet possible 

to determine the role of Candida in the 
development or progression of periodontal 
disease, because only few studies have 
investigated the presence of yeasts in 
periodontitis patients, and they do not clear 
indicate whether their patients suffered the 
chronic or aggressive form of the disease4, 3, 

52. It is unclear if yeasts contribute to the 
development of periodontal disease, or if 
they show specificity for the chronic or 
aggressive forms of the disease6, 10, 54-56. 
However, individuals with cancer, diabetes 
mellitus, and immunocompromising 
conditions such as HIV/AIDS are more 
susceptible to a wide spectrum of infections, 
including fungal infections12, 57, 58. 
Periodontal conditions were studied in 2 
cross-sectional studies of adult, insulin-
dependent, diabetics and age-and sex-
matched controls57. In one study, 154 
diabetics and 77 controls participated; the 
other comprised 83 diabetics and 99 
controls. There were a higher percentage of 
individuals with severe periodontal disease 
in the diabetic group than in the control 
group57. However, there was no association 
between diabetes mellitus, periodontal 
disease, and the presence of Candida spp. In 
addition, a moderate increase in the glucose 
content of saliva did not result in higher 
mean numbers of C. albicans. Similar results 
were obtained by Yuan et al.59, who found 
no significant differences between diabetic 
and nondiabetic individuals in the 
prevalence of a number of microorganisms, 
including C. albicans. 
In a study60, using a polymerase chain 
reaction (PCR) assay, that quantities of 
some Candida spp. were higher in chronic 
periodontal disease patients with diabetes 
than in those without diabetes. Among 
diabetic patients, C. albicans was found in 
57%, C. dubliniensis in 75%, C. tropicalis in 
16%, and C. glabrata in 5% of periodontal 
pockets. Among nondiabetic patients, C. 
albicans and C. dubliniensis were present in 
20% and 14% of periodontal sites, 
respectively; there was no evidence of C. 
tropicalis or C. glabrata colonization. Urzúa 
et al.11 used phenotypic and genotypic 
methods to analyze the composition of 
yeast microbiota in the mucosa and 
subgingival sites of healthy individuals and 
in patients with aggressive and chronic 
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periodontitis. Although the profiles of the 
species present in the mucosa of the 3 
groups varied, they noted that only C. 
albicans and C. dubliniensis were capable of 
colonizing periodontal pockets in patients 
with chronic periodontitis, and that only C. 
albicans was identified in the subgingival 
pockets of healthy individuals and patients 
with aggressive periodontitis. It has been 
reported that the proportion of yeasts in 
periodontal pockets is similar to that of 
some bacterial periodontal pathogens, 
which suggests a role for Candida spp. in the 
pathogenesis of this disease11.Certain 
Candida spp. are believed to be commensal 
organisms within the oral cavity. Indeed, 
the prevalence of oral yeast in the general 
population is about 34%. However, certain 
patient subgroups have higher levels of oral 
colonization. Peterson et al. (61) noted that 
the prevalence of oral yeast in hospitalized 
patients was 55%. Oral yeast carriage is 
particularly common in patients with 
advanced cancer, among whom reported 
levels of oral colonization range between 
47% and 87%. 
In 24 patients with acute periodontal 
infection and chemotherapy-induced 
myelosuppression, high concentrations of 
microorganisms were detected in 
subgingival pockets. Staphylococcus 
epidermidis, C. albicans, S. aureus, and 
Pseudomonas aeruginosa were 
predominant, and combinations of these 
were detected in some patients62. Drugs 
such as corticosteroids, azathioprine, and 
cyclosporine are used to prevent the 
rejection of transplanted organs; however, 
these agents can alter the immune system 
and modify the characteristics of dental 
biofilm, thereby altering its effects on 
periodontal tissues. Renal transplant 
patients who received immunosuppressive 
drugs had more periodontal inflammation 
than did immunocompetent subjects62. 
Infections can also occur in 
immunosuppressed patients, and these 
frequently involve microorganisms that 
have little or no pathologic significance in 
immunocompetent hosts. The prevalence of 
microorganisms in the periodontal sites of 
patients receiving immunosuppressive 
therapy may increase in local disease or 
disseminated infections, and some 

cultivable species, including A. 
actinomycetemcomitans, Porphyromonas 
gingivalis, Prevotella intermedia, 
Campylobacter rectus, Fusobacterium spp., 
Streptococcus spp., Pseudomonas spp., and 
Candida spp., have been detected62.  
  The Candida spp. is one of the most 
common AIDSdefining fungal opportunistic 
infections in HIV-positive individuals. One 
study found that the prevalence of Candida 
spp. in subgingival sites was 42.3% in HIV-
positive children and 7.1% in control 
individuals63. In another study, the authors 
observed a higher prevalence of Candida 
species in the oral cavity of HIV-
seropositive patients, specifically in the 
subgingival biofilm, although the prevalence 
of periodontal disease in HIV-seropositive 
and HIVseronegative subjects was very 
similar12. Using conventional mycological 
methods and a specific PCR assay, 
Jewtuchowicz et al.64 studied 
immunocompromised patients, such as 
those with advanced HIV infection, to 
identify the different species of yeast 
present at periodontal disease sites. Among 
the 76 fungal organisms isolated, 10.5% 
were C. dubliniensis, which was present in 
4.4% of patients studied; C. albicans was the 
most frequently isolated yeast species.  
The Candida spp. are ubiquitous fungal 
organisms that often colonize the oral 
mucosa of normal individuals, without 
causing disease. These opportunistic 
microorganisms might influence the 
inflammatory process, as they possess 
several virulence factors by which they 
invade tissues and evade host defense 
mechanisms, thereby facilitating 
proliferation and release of exoenzymes 
that promote tissue degradation. Moreover, 
in immunosuppressed patients, the higher 
prevalence of Candida spp. (mainly C. 
albicans) in the oral cavity, and specifically 
the subgingival biofilm of periodontal 
pockets, could indicate their coparticipation 
in the progression of periodontal disease in 
these patients. 
 
Diagnosis 
Diagnosis of a yeast infection is done either 
via microscopic examination or culturing. 
For identification by light microscopy, a 
scraping or swab of the affected area is 
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placed on a microscope slide. A single drop 
of 10% potassium hydroxide (KOH) 
solution is then added to the specimen. The 
KOH dissolves the skin cells, but leaves the 
Candida cells intact, permitting visualization 
of pseudohyphae and budding yeast cells 
typical of many Candida species. 
For the culturing method, a sterile swab is 
rubbed on the infected skin surface. The 
swab is then streaked on a culture medium. 
The culture is incubated at 37°C for several 
days, to allow development of yeast or 
bacterial colonies. The characteristics (such 
as morphology and colour) of the colonies 
may allow initial diagnosis of the organism 
causing disease symptoms65. 
 
ACKNOWLEDGEMENTS 
We would like to acknowledge the 
assistance and guidance provided by Dr. 
ChandraNath Majumder and Prof. (Dr.) T.K. 
Saha, Director cum Principal of Gurunanak 
Institute of Dental Science and Research, 
Panihati, Kolkata-700114, West Bengal for 
permission to do the work in Gurunanak 
Institute of Dental Science and Research. 
 
REFERENCES 

1. Klis FM, Sosinska GJ, de Groot PW, 
Brul S. Covalently linked cell wall 
proteins of Candida albicans and 
their role in fitness and virulence. 
FEMS Yeast Res. 2009; 9: 1013-
1028. 

2. Coleman DC, Sullivan DJ, Bennett 
DE, Moran GP, Barry HJ, Shanley DB. 
Candidiasis: the emergence of a 
novel species, Candida dubliniensis. 
AIDS. 1997; 11: 557-567. 

3. Oliveira MA, Carvalho LP, Gomes 
Mde S, Bacellar O, Barros TF, 
Carvalho EM. Microbiological and 
immunological features of oral 
candidiasis. Microbiol Immunol. 
2007; 51: 713-719. 

4. Slots J, Rams TE, Listgarten MA. 
Yeasts, enteric rods and 
pseudomonas in the subgingival 
flora of severe adult periodontitis. 
Oral Microbiol Immunol. 1988; 3: 
47-52. 

5. Haynes K. Virulence in Candida 
species. Trends Microbiol. 2001; 9: 
591-596. 

6. Järvensivu A, Hietanen J, Rautemaa 
R, Sorsa T, Richardson M. Candida 
yeasts in chronic periodontitis 
tissues and subgingival microbial 
biofilms in vivo. Oral Dis. 2004; 10: 
106-112. 

7. Barros LM, Boriollo MF, Alves AC, 
Klein MI, Gonçalves RB, Höfling JF. 
Genetic diversity and exoenzyme 
activities of Candida albicans and 
Candida dubliniensis isolated from 
the oral cavity of Brazilian 
periodontal patients. Arch Oral Biol. 
2008; 53: 1172-1178. 

8. Shoham S, Levitz SM. The immune 
response to fungal infections. Br J 
Haematol. 2005; 129: 569-582. 

9. Netea MG, van de Veerdonk F, 
Verschueren I, van der Meer JW, 
Kullberg BJ. Role of TLR1 and TLR6 
in the host defense against 
disseminated candidiasis. FEMS 
Immunol Med Microbiol. 2008; 52: 
118-123. 

10. Reynaud AH, Nygaard-Østby B, 
Bøygard GK, Eribe ER, Olsen I, 
Gjermo P. Yeasts in periodontal 
pockets. J Clin Periodontol. 2001; 
28: 860-864. 

11. Urzúa B, Hermosilla G, Gamonal J, 
Morales-Bozo I, Canals M, Barahona 
S, Cóccola C, Cifuentes V. Yeast 
diversity in the oral microbiota of 
subjects with periodontitis: Candida 
albicans and Candida dubliniensis 
colonize the periodontal pockets. 
Med Mycol. 2008; 46: 783-793. 

12. Feller L, Lemmer J. Necrotizing 
periodontal diseases in HIV-
seropositive subjects: pathogenic 
mechanisms. J Int Acad Periodontol. 
2008; 10: 10-15. 

13. Yang YL. Virulence factors of 
Candida species. J Microbiol 
Immunol Infect. 2003; 36: 223-228. 

14. Nikawa H, Egusa H, Makihira S, 
Okamoto T, Kurihara H, Shiba H, 
Amano H, Murayama T, Yatani H, 
Hamada T. An in vitro evaluation of 
the adhesion of Candida species to 
oral and lung tissue cells. Mycoses. 
2006; 49: 14-17. 

15. Samaranayake YH, Dassanayake RS, 
Cheung BP, Jayatilake JA, Yeung KW, 



IJPCBS 2012, 2(4), 633-643         Shibendu Biswas et al.                       ISSN: 2249-9504 

641 

Yau JY, Samaranayake LP. 
Differential phospholipase gene 
expression by Candida albicans in 
artificial media and cultured human 
oral epithelium. APMIS. 2006; 114: 
857-866. 

16. Naglik J, Albrecht A, Bader O, Hube 
B. Candida albicans proteinases and 
host/pathogen interactions. Cell 
Microbiol. 2004; 6: 915-926. 

17. Albrecht A, Felk A, Pichova I, Naglik 
JR, Schaller M, de Groot P, 
Maccallum D, Odds FC, Schäfer W, 
Klis F, Monod M, Hube B. 
Glycosylphosphatidylinositol-
anchored proteases of Candida 
albicans target proteins necessary 
for both cellular processes and host-
pathogen interactions. J Biol Chem. 
2006; 281: 688-694. 

18. Ray TL, Payne CD. Scanning electron 
microscopy of epidermal adherence 
and cavitation in murine 
candidiasis: a role for Candida acid 
proteinase. Infect Immun. 1988; 56: 
1942-1949. 

19. Park H, Myers CL, Sheppard DC, 
Phan QT, Sanchez AA, E Edwards J, 
Filler SG. Role of the fungal Ras-
protein kinase A pathway in 
governing epithelial cell interactions 
during oropharyngeal candidiasis. 
Cell Microbiol. 2005; 7: 499-510. 

20. Filler SG, Sheppard DC. Fungal 
invasion of normally non-phagocytic 
host cells. PLOS Pathos. 2006; 2: 
e129. 

21. Jabra-Rizk MA, Falkler WA Jr, Merz 
WG, Kelley JI, Baqui AA, Meiller TF. 
Co aggregation of Candida 
dubliniensis with Fusobacterium 
nucleatum. J Clin Microbiol. 1999; 
37: 1464-1468. 

22. Masuoka J, Hazen KC. Cell wall 
protein mannosylation determines 
Candida albicans cell surface 
hydrophobicity. Microbiology. 1997; 
143: 3015- 3021. 

23. Masuoka J, Wu G, Glee PM, Hazen 
KC. Inhibition of Candida albicans 
attachment to extracellular matrix 
by antibodies which recognize 
hydrophobic cell wall proteins. 

FEMS Immunol Med Microbiol. 
1999; 24: 421-429. 

24. Thein ZM, Samaranayake YH, 
Samaranayake LP. Effect of oral 
bacteria on growth and survival of 
Candida albicans biofilms. Arch Oral 
Biol. 2006; 51: 672- 680. 

25. Luo G, Samaranayake LP, Yau JY. 
Candida species exhibit differential 
in vitro haemolytic activities. J Clin 
Microbiol. 2001; 39: 2971-2974. 

26. Tsang CS, Chu FC, Leung WK, Jin LJ, 
Samaranayake LP, Siu SC.  
Phospholipase, proteinase and 
haemolytic activities of Candida 
albicans isolated from oral cavities 
of patients with type 2 diabetes 
mellitus. J Med Microbiol. 2007; 56: 
1393- 1398. 

27. Pizzo G, Barchiesi F, Falconi Di 
Francesco L, Giuliana G, Arzeni D, 
Milici ME, D’Angelo M, Scalise G. 
Genotyping and antifungal 
susceptibility of human subgingival 
Candida albicans isolates. Arch Oral 
Biol. 2002; 47: 189-196. 

28. Davis DA. How human pathogenic 
fungi sense and adapt to pH: the link 
to virulence. Curr Opin Microbiol. 
2009; 12: 365-370. 

29. Jamieson DJ, Stephen DW, Terrière 
EC. Analysis of the adaptive 
oxidative stress response of Candida 
albicans. FEMS Microbiol Lett. 1996; 
138: 83-88. 

30. Rosa EA, Rached RN, Ignácio SA, 
Rosa RT, José da Silva W, Yau JY, 
Samaranayake LP. Phenotypic 
evaluation of the effect of 
anaerobiosis on some virulence 
attributes of Candida albicans. J Med 
Microbiol. 2008; 57: 1277-1281. 

31. Samaranayake LP, MacFarlane TW. 
The effect of dietary carbohydrates 
on the in-vitro adhesion of Candida 
albicans to epithelial cells. J Med 
Microbiol. 1982; 15: 511-517. 

32. Samaranayake LP, Hughes A, 
Weetman DA, MacFarlane TW. 
Growth and acid production of 
Candida species in human saliva 
supplemented with glucose. J Oral 
Pathol. 1986; 15: 251-254. 



IJPCBS 2012, 2(4), 633-643         Shibendu Biswas et al.                       ISSN: 2249-9504 

642 

33. Lima-Neto RG, Beltrão EI, Oliveira 
PC, Neves RP. Adherence of Candida 
albicans and Candidaparapsilosis to 
epithelial cells correlates with 
fungal cell surface carbohydrates. 
Mycoses (Epub aheadof print) 2009. 

34. Lal P, Sharma D, Pruthi P, Pruthi V. 
Exopolysaccharide analysis of 
biofilm-forming Candida albicans. J 
Appl Microbiol (Epub ahead of 
print) 2009. 

35. Wagner DK, Sohnle PG. Cutaneous 
defences against dermatophytes and 
yeasts. Clin Microbiol Rev. 1995; 8: 
317-335. 

36. Holmes AR, Bandara BM, Cannon 
RD. Saliva promotes Candida 
albicans adherence to human 
epithelial cells. J Dent Res. 2002; 81: 
28-32. 

37. Sutmuller RP, den Brok MH, Kramer 
M, Bennink EJ, Toonen LW, Kullberg 
BJ, Joosten LA, Akira S, Netea MG, 
Adema GJ.  Toll-like receptor 2 
controls expansion and function of 
regulatory T cells. J Clin Investing. 
2006; 116: 485-494. 

38. Song JJ, Cho JG, Woo JS, Lee HM, 
Hwang SJ, Chae SW. Differential 
expression of tolllike receptors 2 
and 4 in rat middle ear. Int J Pediatr 
Otorhinolaryngol.  2009; 73: 821-
824. 

39. Blander JM, Medzhitov R. Toll-
dependent selection of microbial 
antigens for presentation by 
dendritic cells. Nature. 2006; 440: 
808-812. 

40. Cambi A, Gijzen K, de Vries JM, 
Torensma R, Joosten B, Adema GJ , 
Netea MG, Kullberg BJ, Romani L, C 
Figdor CG. The C-type lectin DC-
SIGN (CD209) is an antigen-uptake 
receptor for Candida albicans on 
dendritic cells. Eur J Immunol. 2003; 
33: 532-538. 

41. Le Cabec V, Emorine LJ, Toesca I, 
Cougoule C, Maridonneau-Parini I. 
The human Macrophage mannose 
receptor is not a professional 
phagocytic receptor. J Leukoc Biol. 
2005; 77: 934-943. 

42. Akira S, Hemmi H. Recognition of 
pathogen associated molecular 

patterns by TLR family. Immunol 
Lett. 2003; 85: 85-95. 

43. van der Graaf CA, Netea MG, 
Verschueren I, van der Meer JW, 
Kullberg BJ.  Differential cytokine 
production and Toll-like receptor 
signalling pathways by Candida 
albicans blastoconidia and hyphae. 
Infect Immun. 2005; 73: 7458-7464. 

44. Montagnoli C, Bacci A, Bozza S, 
Gaziano R, Mosci P, Sharpe AH, 
Romani L.  B7/CD28- dependent 
CD4+CD25+ regulatory T cells are 
essential components of the 
memory-protective immunity to 
Candida albicans. J Immunol. 2002; 
169: 6298-6308. 

45. López-Ribot JL, Casanova M, Murgui 
A, Martínez JP. Antibody response to 
Candida albicans cell wall antigens. 
FEMS Immunol Med Microbiol. 
2004; 41: 187-196. 

46. Challacombe SJ.  Immunologic 
aspects of oral candidiasis. Oral Surg 
Oral Med Oral Pathol. 1994; 78: 202-
210. 

47. Atkinson JC, O’Connell A, Aframian 
D. Oral manifestations of primary 
immunological diseases. J Am Dent 
Assoc. 2000; 131: 345-356. 

48. Maccarinelli G, Belotti R, Savoldi E, 
Gervasoni M, Cocchi D. Phagocytosis 
and killing of Candida albicans of 
polymorphonuclear cells in patients 
with organ transplant of periodontal 
disease. Minerva Stomatol. 2001; 
50: 345-349. 

49. Hägewald S, Bernimoulin JP, 
Köttgen E, Kage A. Salivary IgA 
subclasses and bacteria-reactive IgA 
in patients with aggressive 
periodontitis. J Periodontal Res. 
2002; 37: 333-339. 

50. Murray PA. periodontal diseases in 
patients infected by human 
immunodeficiency virus. 
Periodontal. 2000; 6: 50-67. 

51. Zambon JJ, Reynolds HS, Genco RJ. 
Studies of the sub gingival micro 
flora in patients with acquired 
immunodeficiency syndrome. J 
Periodontal. 1990; 61: 699-704. 

52. Dahlén G, Wikström M. Occurrence 
of enteric rods, staphylococci and 



IJPCBS 2012, 2(4), 633-643         Shibendu Biswas et al.                       ISSN: 2249-9504 

643 

Candida in subgingival samples. Oral 
Microbiol Immunol. 1995; 10: 42-
46. 

53. Papapanou PN. Population studies 
of microbial ecology in periodontal 
health and disease. Ann Periodontol. 
2002; 7: 54-61. 

54. González S, Lobos I, Guajardo A, 
Celis A, Zemelman R, Smith CT, 
Saglie FR. Yeasts in juvenile 
periodontitis. Preliminary 
observations by scanning electron 
microscopy. J Periodontal. 1987; 58: 
119-124. 

55. Hannula J, Dogan B, Slots J, Okte E, 
Asikainen S. Sub gingival strains of 
Candida albicans in relation to 
geographical origin and occurrence 
of periodontal pathogenic bacteria. 
Oral Microbiol Immunol. 2001; 16: 
113-118. 

56. Belazi M, Velegraki A, Fleva A, 
Gidarakou I, Papanaum L, Baka D, 
Daniilidou N, Karamitsos D. Candida 
overgrowth in diabetic patients: 
potential predisposing factors. 
Mycoses. 2005; 48: 192-196. 

57. Thorstensson H. Periodontal disease 
in adult insulin-dependent diabetics. 
Swed Dent J Suppl. 1995; 107: 1-68. 

58. da Cruz GA, de Toledo S, Sallum EA, 
Sallum AW, Ambrosano GM, de 
Cássia Orlandi Sardi J, da Cruz SE, 
Gonçalves RB. Clinical and 
laboratory evaluations of non-
surgical periodontal treatment in 
subjects with diabetes mellitus. J 
Periodontal. 2008; 79: 1150-1157. 

59. Yuan K, Chang CJ, Hsu PC, Sun HS, 
Tseng CC, Wang JR. Detection of 
putative periodontal pathogens in 
non-insulin-dependent diabetes 
mellitus and non-diabetes mellitus 
by polymerase chain reaction. J 
Periodontal Res. 2001; 36: 18-24. 

60. Sardi JCO, Cruz GA, Höfling JF, 
Duque C, Gonçalves RB. 

Identification of Candida species by 
PCR in periodontal pockets of 
diabetic patients with chronic 
periodontitis. International 
Symposium. Congress of Clinical 
Microbiology (Abstract) 2008. 

61. Peterson DE, Minah GE, Overholser 
CD, Suzuki JB, DePaola LG, 
Stansbury DM, Williams LT, 
Schimpff SC. Microbiology of acute 
periodontal infection in 
myelosuppressed cancer patients. J 
Clin Oncol. 1987; 5: 1461-1468. 

62. Saraiva L, Lotufo RF, Pustiglioni AN, 
Silva HT Jr, Imbronito AV. 
Evaluation of subgingival bacterial 
plaque changes and effects on 
periodontal tissues in patients with 
renal transplants under 
immunosuppressive therapy. Oral 
Surg Oral Med Oral Pathol Oral 
Radiol Endod. 2006; 101: 457-462. 

63. Portela MB, Souza IP, Costa EM, 
Hagler AN, Soares RM, Santos AL. 
Differential recovery of Candida 
species from subgingival sites in 
human immunodeficiency virus-
positive and healthy children from 
Rio de Janeiro, Brazil. J Clin 
Microbiol. 2004; 42: 5925-5927. 

64. Jewtuchowicz VM, Mujica MT, 
Brusca MI, Sordelli N, Malzone MC, 
Pola SJ, Iovannitti CA, Rosa AC. 
Phenotypic and genotypic 
identification of Candida 
dubliniensis from subgingival sites 
in immunocompetent subjects in 
Argentina. Oral Microbiol Immunol. 
2008; 23: 505-509. 

65. Srikumar Chakravarthi, Nagaraja 
HS. "A comprehensive review of the 
occurrence and management of 
systemic candidiasis as an 
opportunistic infection". 
Microbiology Journal.  2010; 1 (2): 
1–5. ISSN 2153-0696. 

 


