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  Candida  spp. are commensal microorganisms that are part of the microfl ora of different 
sites within the oral cavity. In healthy subjects, who have an unaltered immunological 
status, these yeasts do not cause disease. However, in immunosuppressed individuals 
whose condition may have been caused by diabetes mellitus,  Candida  spp. can express 
different virulence factors and may consequently become pathogenic. Studies have 
detected the presence of  Candida  spp. in periodontal sites of patients with chronic peri-
odontitis, especially those that are immunologically compromised. However, the role of 
these microorganisms in the pathogenesis of periodontal disease is still unknown. The 
objectives of this study were: (1) to isolate and identify  Candida albicans  strains from 
subgingival sites of diabetic patients with chronic periodontitis; (2) to evaluate the fol-
lowing virulence factors; colony morphology, proteinase, phospholipase and hemolysin 
activities and cell surface hydrophobicity (CSH) under different atmospheric conditions; 
and (3) to determine the genetic patterns of these  C. albicans  isolates. Microbial samples 
were collected from subgingival sites and seeded on CHROMagar for subsequent identi-
fi cation of  C. albicans  by polymerase chain reaction (PCR). For the phenotypic tests, all 
strains of  C. albicans  were grown under reduced oxygen (RO) and anaerobiosis (ANA) 
conditions. Genotypes were defi ned by the identifi cation through PCR of the transpos-
able introns in the 25S rDNA. The results obtained relative to virulence factors were 
analyzed according to the atmospheric condition or genetic group, using Chi-square and 
Wilcoxon non-parametric tests. In this study, 128 strains were identifi ed as  C. albicans  
and of these, 51.6% were genotype B, 48.4% were genotype A and Genotype C was 
not found. Most of the strains were alpha-hemolytic in both atmospheric conditions, 
without a statistical difference. However, when comparing the genotypes, 46.1% of the 
genotype A strains were beta-hemolytic. In relation to colony morphology, 100% of the 
strains under ANA showed rough colonies, which were especially prevalent in genotype 
A isolates. In contrast, most of the colonies were smooth under RO.  C. albicans  strains 
did not produce proteinase and phospholipase activity in the total absence of oxygen. 
In RO, most strains had high proteinase activity and were positive by phospholipase 
tests ( P   �  0.05). Hydrophobicity was higher in anaerobiosis and was noted mainly for 
genotype A isolates. In conclusion, environmental oxygen concentration infl uenced the 
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  Introduction 

  Candida  species are microorganisms that live commen-

sally in the oral cavity of healthy individuals, but their 

incidence and virulence seems to be increased in those that 

are immunocompromised [1,2]. These species can become 

pathogenic in response to physiological changes in the host, 

causing oral candidiasis or invasive systemic infections [3]. 

Mucosal surfaces are their primary oral reservoirs, but they 

can also be found in dental plaque, endodontic infections, 

peri-implantitis lesions and the subgingival biofi lm of peri-

odontal pockets of periodontitis, especially in HIV-positive 

and diabetic patients [4 – 9]. The higher prevalence of  Can-
dida  spp. in diabetic patients has been associated with the 

type and duration of the disease and the degree of glycemic 

control [10,11]. 

  Candida  ssp. may produce some virulence factors that 

facilitate their proliferation and, consequently, adherence 

to the epithelium and invasion of the connective tissue. 

These yeasts produce essential exoenzymes that improve 

their capacity to establish colonizing and/or infections 

[12,13]. The exoenzymes, such as secreted aspartyl protei-

nase (SAPs) and phospholipases, degrade immunoglobu-

lins and proteins from the extracellular matrix, inhibit 

phagocitosis by polymorphonuclear neutrophils and induce 

infl ammatory reactions [6,14]. Another virulence factor is 

related to iron acquisition by  Candida  spp. Iron is an essen-

tial nutrient for many microorganisms and its uptake may 

play a special role in promoting infections [15]. The secre-

tion of hemolysin, followed by iron acquisition, facilitates 

hyphal invasion and the development of disseminated can-

didiasis. Increase in blood glucose concentrations may con-

tribute, directly or indirectly, to increased hemolysin activity 

among  C. albicans  isolates in diabetic patients [16]. 

 Adherence to host tissue is the fi rst step in the patho-

genic process. The mechanisms of adherence to different 

cellular types or surfaces by  Candida  ssp. are complex and 

still not completely understood. It would appear that this 

process is achieved by a combination of specifi c (recep-

tors) and non-specifi c mechanisms (electrostatic forces, 

aggregation and cell surface hydrophobicity [CSH]) [17]. 

CSH has a central role in the pathogenesis of  C. albicans . 

Hydrophobic cells exhibit greater adherence to epithelial 

and endothelial cells and extracellular matrix proteins and 

seem to be more resistant to phagocytosis [18].  Candida 
albicans  is unique among  Candida  species, in that the CSH 

status varies in response to different environmental condi-

tions and growth phases [19]. 

 Another property of  Candida  spp. is their ability to 

grow either aerobically or anaerobically [20] as they 

have developed adaptive mechanisms to survive in both 

situations. Oxygen can generate reactive products during 

an infection and induce an oxidative stress response. 

Treatment of  C. albicans  with low concentrations of 

superoxide generating agents, such as hydrogen peroxide, 

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 

oxidants [21]. Another situation is an anaerobic environ-

ment, such as root canal systems and periodontal pockets, 

which lead to polymicrobial infections. Rosa  et al . [22] 

demonstrated an increment in SAP secretion when  C. albi-
cans  strains recovered from periodontal pockets and other 

intra-oral sites were grown under anaerobic conditions, 

suggesting that the oxygen concentration in the atmosphere 

surrounding these cells can exert an infl uence on the viru-

lence attributes of this yeast .  
 Pizzo  et al . [23] suggested that heterogenotypes within 

subgingival  C. albicans  isolates is not just the result of the 

spreading of  Candida  spp. from saliva or biofi lm, but also 

the adaption of new strains to subgingival pockets that can 

develop different virulence properties. This study evalu-

ated some virulence factors of  C. albicans  isolated from 

subgingival biofi lm of patients with chronic periodontitis 

who have insulin-dependent type 2 diabetes mellitus and 

investigated the relationship of the disease with different 

atmospheric conditions and genetic diversity of the etiologic 

agent.   

 Material and methods 

 This research was approved by the ethical committee for 

research of the Piracicaba Dental School, State University 

of Campinas, S ã o Paulo, Brazil.  

 Inclusion and exclusion criteria 

 Residents of Piracicaba, S ã o Paulo, Brazil, ranging in age 

from 31 – 68 years who had chronic periodontitis (CP) and 

medical diagnoses of type 2 diabetes mellitus were included 

in the study. Glycemic control with insulin supplementation 

virulence factors of  C. albicans  strains isolated from subgingival sites of diabetic and 
periodontal patients. In addition, genotype A seems to be more virulent based on the 
phenotypic tests evaluated in this study.  

  Keywords   periodontal disease  ,   diabetes mellitus  ,   Candida spp.  ,   virulence factors   
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at 72 ° C for 5 min. The PCR products were separated by 

electrophoresis in 2% agarose gels and Tris-borate-

EDTA running buffer (pH.8.0). The DNA was stained 

with 0.5 �g ethidium bromide/ml    and visualized under 

UV illumination (Pharmacia LKB-MacroVue, San 

Gabriel, CA, USA).   

 Colony morphology 

 Colony morphology was evaluated for all  C. albicans  

isolates using a blood plate assay. Media were prepared 

by adding 7 ml fresh sheep blood to 100 ml SDA (Merck) 

supplemented with glucose at a fi nal concentration of 3% 

(w/v). The fi nal pH of the medium was approximately 

5.6. Test isolates were grown on this medium for 24 h, 

and a single drop (10  μ l) containing 10 8  CFU/ml of each 

inoculum in sterile saline (absorbance 0.5 at 600 nm) 

was inoculated onto the agar blood plates. These were 

incubated at 37 ° C in a reduced oxygen atmosphere (10% 

CO 2  and 90% air  –  Water-Jacked CO 2  Incubators  –  Cole 

Parmer Instruments, EUA) or anaerobiosis (10% CO 2 , 

10% H 2  and 80% N 2   –  Anaerobic Workstation, 

Don Whitley Scientifi c, Shipley, UK) for 48 and 72 h, 

respectively. After this, the colony morphology was 

assessed as either smooth or rough using a stereoscopic 

microscope.   

 Proteinase and phospholipase activity determination 

by the agar plate method 

 All  C. albicans  isolates were tested in triplicate, during 

three independent experiments, to verify the enzymatic 

activity of proteinases (SAPs) and phospholipases 

[12,26]. The test medium for proteinases was a BSA 

(bovine serum albumin) agar medium containing 2 g 

BSA, 145 g YNB (Yeast Nitrogen Base) Difco Labora-

tories, Detroit), 20 g glucose and 20 g agar per liter of 

distilled water. The test medium for phospholipases con-

sisted of 10 g peptone, 57.3 g sodium chloride, 0.55 g 

calcium chloride, 30 g glucose, 20 g agar, and 100 ml 

50% sterile egg yolk (egg yolk enrichment) per liter of 

distilled water. Test isolates were grown on SDA for 24 

h, and a single drop (10  μ l) of each containing 10 8  CFU/

ml of sterile saline (absorbance 0.5 at 600 nm) was 

inoculated onto the test media. The plates were incu-

bated at 37 ° C in a reduced oxygen atmosphere or anaer-

obiosis for 48 and 72 h to examine the proteinases and 

phospholipases, respectively. The enzymatic activity 

was determined by the formation of a halo around the 

yeast colony, and measured in terms of the ratio of the 

diameter of the colony to the total diameter of the col-

ony plus the zone of precipitation (Pz), according to the 

was confi rmed by an endocrinologist. Exclusion criteria 

included use of antibiotics and periodontal treatment dur-

ing the previous six months, pregnancy, smoking, systemic 

disease, immunodepression, clinical manifestation of oral 

candidiasis, use of partial and/or total prosthesis, use of 

orthodontic appliances or any medication that 

could interfere with the periodontium or the response to 

periodontal therapy.   

 Patient selection 

 Eleven patients with a clinical diagnosis of generalized 

chronic periodontitis, as defi ned by probing depths (PD) 

 � 5 mm in  � 10 teeth, radiographic bone loss ranging from 

30 – 50%, and  � 20 teeth were included in the study. After 

clinical analysis, the supragingival biofi lm was removed 

with sterile gauze, with samples taken from the sites with 

the deepest PD  � 5 mm in each subject using a sterile 

periodontal curette. Pooled biofi lms from each site were 

transferred to separate Eppendorf microtubes containing 

1 ml of reduced transport fl uid (RTF). Immediately after 

collection, the samples from each site were diluted and 

plated onto a Sabouraud dextrose agar (SDA) with 

chloramphenicol and chromogenic medium (CHROMagar 

Candida  ®  , Biomerieux, Paris, France) and incubated at 

37 ° C for 48 h in a reduced oxygen atmosphere (10% CO 2  

and 90% air). The green colonies growing on the 

CHROMagar plates were randomly selected and cultures 

stored in glycerol stock at  � 20 ° C for later identifi cation 

by PCR.   

 PCR (polymerase chain reaction) 

 DNA from the  Candida  isolates was extracted using a 

protocol described by Nascimento  et al . [24] and quan-

tifi ed in a spectrophotometer at 260 nm (Genesys 10UV, 

Rochester, NY,USA) to obtain a standard concentration 

of 100 ng/ml and stored at  � 20 ° C for subsequent PCR 

reactions. DNA samples were identifi ed by PCR using 

specifi c primers (Forward: 5 � -ACT GCT CAA ACC 

ATC TCT GG-3 �  and Reverse: 5 � -CAC AAG GCA AAT 

GAA GGA AT-3 with fragment size of 472 bp) for 

 Candida albicans  [25] .  Purifi ed DNA from a reference 

 C. albicans  (ATCC 90028) strain was used as a positive 

control, with the described primer designed specifi cally 

for  C. albicans . The molecular mass ladder (100 bp 

DNA ladder, Gibco, Grand Island, NY, USA) was 

included for running in agarose gel. PCR amplifi cation 

was performed with a GeneAmp PCR system 2400 (Per-

kin-Elmer-Applied Biosystems) under the following 

thermal conditions: 72 ° C for 5 min, 38 cycles of 95 ° C 

for 30 s, 55 ° C for 45s and 72 ° C for 30 s and extension 
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method described by Price  et al . [26]. According to this 

system, Pz  �  1.0 indicated that the test strain was nega-

tive for proteinase/phospholipase, while a value of 

Pz  	  0.63 signifi ed that the test strain was releasing 

large amounts of proteinases/phospholipases (strongly 

positive). Values of Pz of between 0.64 and 0.99 signi-

fi ed that the test strain was releasing small amounts of 

proteinases/phospholipases (positive).   

 Determination of hemolysin activity 

 Hemolysin activity was evaluated for all  C. albicans  iso-

lates using a blood plate assay [16]. Media were prepared 

by adding 7 ml fresh sheep blood to 100 ml SDA (Merck) 

supplemented with glucose at a fi nal concentration of 3% 

(w/v). The fi nal pH of the medium was approximately 5.6. 

Test isolates were grown on SDA for 24 h, and a single 

drop of each (10  μ l) containing 10 8  CFU/ml of sterile 

saline (absorbance 0.5 at 600 nm) was inoculated onto the 

blood agar plates which were then incubated at 37 ° C in a 

reduced oxygen atmosphere or anaerobiosis for 48 and 72 

h, respectively. A further 10  μ l of saline, but without yeast 

cells, was overlaid onto the same plate. A reference strain 

of  C. albicans  (ATCC 90028) was used as a positive control. 

In addition, one standard strain of  Staphylococcus aureus  

(ATCC 10832) and one strain of  Streptococcus mutans  

(UA159), which induce beta and alpha hemolysis, respec-

tively, were used as positive controls. Gama-hemolytic 

strains ( γ -hemolytic) produce no halo, alpha-hemolytic 

( α -hemolytic) strains produced a green halo and beta-

hemolytic ( β -hemolytic) strains produced a yellow halo. 

The assays were conducted in triplicate during three inde-

pendent experiments for each of the tested yeast isolates.   

 Cellular Superfi cial Hydrophobicity assay (CSH) 

 Hydrophobicity assay (CSH) was evaluated according to 

Rodrigues  et al . [27] for all  C. albicans  isolates, during 

two independent experiments. In these studies, identical 

glass tubes (10 ml, O.D  
  L  –  13  
  100 mm) with screw 

caps were used to avoid methodologic caused differences 

in the results. Fifty ml of Sabouraud dextrose broth (SDB; 

Difco Laboratories Detroit, MI, USA) was inoculated with 

yeast cells and incubated overnight at 37 ° C in 10% reduced 

oxygen or anaerobiotic conditions. The yeast cells were 

then harvested and washed twice in phosphate buffer, pH 

8.0. A yeast suspension was prepared in the same buffer to 

achieve an optical density (A0) of 0.4 – 0.6 (at 600 nm) and 

150  μ l of hexadecane was added to 3 ml of this yeast sus-

pension. After 10 min of incubation at 30 ° C, the tubes were 

vortexed twice for 30 sec. After allowing phase separation 

for 30 min, the optical density of the lower aqueous phase 

(A1) was measured and compared with the optical density 

obtained prior to the mixing procedure (A0). The percent-

age of cells in the hexadecane layer (adhered cells) was 

used to estimate the hydrophobicity, using the following 

formula: % H  �  A0  –  A1/A0  
  100%.   

 Genotyping 

 Ribosomal sequences are extensively used for genotyping 

of many fungal pathogens. The method developed by 

McCullough  et al . [28] uses a pair of primers designed to 

span the region that includes the site of the 1 intron trans-

posable group of the 25S rRNA gene (rDNA), to classify 

 C. albicans  strains into three genotypes, according to the 

size of the PCR products, i.e., genotype A (approximately 

450 bp), genotype B (approximately 840 bp), and genotype 

C (two products of approximately 450 and 840 bp). DNA 

of the yeasts previously extracted and spectrophotometri-

cally quantifi ed (100 ng/ml) was submitted to PCR reac-

tions. PCR was performed using the primers CA-INT-L 

(5 � -ATA AAG GGA AGT CGG CAA ATA GAT CCG 

TAA-3 � ) and CA  –  INT- R (5 � -CCT TGG CTG TGG TTT 

CGC TAG ATA GTA GAT-3 � ). The products were analyzed 

by electrophoresis through the use of 3% (wt/vol) agarose 

gel. Bands were visualized by UV transllumination after 

ethidium bromide staining.   

 Statistical analysis 

 The results obtained for the tested virulence factors (enzy-

matic activities and CSH) were analyzed according to the 

atmospheric condition or genetic group, using Chi-square 

and Wilcoxon non-parametric tests.    

 Results  

 Identifi cation of C. albicans by PCR 

 In this current study, 172  Candida  spp. strains were 

obtained on CHROMagar from samples collected from the 

subgingival biofi lm of patients with chronic periodontitis 

and controlled insulin-dependent type 2 diabetes mellitus. 

From these isolates, 128 were identifi ed as  C. albicans  by 

PCR from 63.63% of the periodontal sites of 11 patients.   

 Virulence factor  
  atmospheric conditions 

  Colony morphology.  The colony morphology of 100% of the 

isolates under anaerobiosis were rough, whereas in reduced 

oxygen, most (71.9%) were smooth (Table 1), indicating a 

statistical difference between the atmospheric conditions. 

  Proteinase and phospholipase activities.  All  C. albicans  

isolates showed proteinase/phospholipase activity under 
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   Table 1  Frequency of virulence factors of  Candida albicans , according to atmospheric condition.   

Virulence factor Results Scores RO (%) ANA (%)

Colony morphology Rough

  Intermediate

  Smooth

1

  2

  3

21.9

  6.3

  71.9

100

  0

  0
Proteinase activity Negative (Pz  �  1)

  Positive (Pz  �  1 – 0.63)

  Strongly positive (Pz  �  0.63)

0

  1

  2

2.4

  3.1

  94.5

100

  0

  0

Phospholipase activity Negative (Pz  �  1)

  Positive (Pz  �  1 – 0.63)

  Strongly positive (Pz  �  0.63)

0

  1

  2

8.7

  58.3

  33.1

100

  0

  0

Hemolysin activity Gama-hemolysis

  Alpha-hemolysis

  Beta-hemolysis

0

  1

  2

1.6

  64.1

  34.4

1.6

  64.1

  34.4
Hydrophobicity Low (0-30%)

  Moderate (31 – 59%)

  High (above 60%)

1

  2

  3

34.4

  43.8

  21.9

16.7

  31.7

  51.6

   RO, reduced oxygen; ANA, anaerobiosis; Pz, zone of precipitation.   

  
 Fig. 1  (A) Proteinase activity of fi ve  Candida albicans  strains and (B) Phospholipase activity of two  Candida albicans  strains. The enzymatic activity 

was determined by the formation of a halo around the yeast colony.  

reduced oxygen conditions but not under the anaerobiotic 

environment (Table 1). Pz values for the proteinase tests 

ranged from 0.29 – 1.0 for the isolates incubated in reduced 

O 2 . In this atmospheric condition, only 2.4% of the strains 

did not produce these enzymes, 3.1% were positive and the 

vast majority of the strains (94.5%) were strongly positive 

for the production of proteinase enzyme.  C. albicans  

showed different activities of phospholipases with Pz rang-

ing from 0.41 – 1.0 in the reduced oxygen atmosphere, with 

8.6% of the strains having no phospholipase activity (neg-

ative), 58.3% having low activity (positive) and 33.1% high 

activity (strongly positive). These enzymatic activities were 

statistically different when comparing the atmospheric con-

dition. Figs 1A and 1B illustrate the proteinase and phos-

pholipase activities of some  C. albicans  strains. 

  Hemolysin activity.  The results obtained under both atmo-

sphere conditions were 1.6%  γ -hemolytic, 64.40%  α -hemo-

lytic, and 34.30%  β -hemolytic demonstrating that 

atmospheric oxygen did not infl uence the hemolysin activ-

ity of the  C. albicans  strains (Table 1). Fig. 2 illustrates 

 β -hemolytic activity of some  C. albicans  strains. 

  Cellular Superfi cial Hydrophobicity Assay  ( CSH ) .  
Hydrophobicity was classifi ed as low (0 – 30%), moderate 
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(31 – 59%) and high (above 60%). In the reduced oxygen 

atmosphere, the results obtained indicated that 34.40% of 

isolates showed low hydrophobicity, 43.70% moderate and 

21.90% had high hydrophobicity. Under anaerobiosis, the 

results were 13.47% of strains having low hydrophobicity, 

34.56% moderate and 51.97% high hydrophobicity (Table 

1). Yeast cells grown under anaerobic conditions were 

more hydrophobic than when grown in the reduced oxygen 

condition, with a statistical difference between the atmo-

spheric conditions ( P   �  0.05, Chi-square test).   

 Genotyping 

 A total of 128 strains isolated from patients with chronic 

periodontitis and diabetics were submitted to molecular 

typing by the method described above which showed that 

51.6% were genotype B and 48.4% were genotype A. 

Genotype C was not found in this study.   

 Virulence factors  
  genotyping 

  Genotype A.  In reduced oxygen atmospheric condition, 

95.2% and 51.6% were strongly positive for proteinase and 

phospholipase activities, respectively. Under both atmo-

spheric conditions, 51.6% of  C. albicans  strains were 

 α -hemolytic. Smooth morphology was observed in 59.7% 

of the strains and 61.3% had high hydrophobicity under 

anaerobiosis and 37.1% under reduced oxygen (Table 2). 

A statistical difference was observed for all virulence fac-

tors, except hemolysis ( P   �  0.05, Chi-square test). 

  Genotype B.  In the reduced oxygen atmospheric condition, 

95.5% and 15.6% were strongly positive for proteinase and 

phospholipase activities, respectively, with 81.8% positive 

for phospholipase activity. Under both atmospheric condi-

tions, 75.8% were  α -hemolytic. Smooth colony morpholo-

gies were observed in 83.3% of the strains and 41.5% had 

high hydrophobicity under anaerobiosis and only 7.6% in 

the reduced oxygen atmosphere (Table 2). A statistical dif-

ference was observed for all virulence factors, except for 

hemolysis and CSH ( P   �  0.05, Chi-square). 

 When genotypes A and B were compared, there was a 

statistical difference between them for phospholipase activ-

ity under reduced oxygen and CSH under anaerobiosis.    

 Discussion 

  Candida  is present as a commensal  ‘ organism ’  in the oral 

cavities of up to 40% of healthy individuals. The number 

of these organisms in the saliva of carriers increases in 

pregnancy, with tobacco smoking, and when dentures are 

worn [29]. The prevalence of  Candida  species in the oral 

cavity of immunosuppressed individuals has been found to 

be higher when compared to the healthy population. Peter-

son  et al . [30] observed that the occurrence of oral yeasts 

from saliva of hospitalized patients was 55%. In patients 

with advanced cancer, this number ranged between 47% 

and 87% of the population. In diabetic patients, the pres-

ence of  Candida  spp. in the oral mucosa reached up to 80% 

[31]. Few studies have demonstrated the incidence of  Can-
dida  spp. in periodontal pockets. Barros  et al . [32] found 

that  C. albicans  was present in 39.6% of periodontal sites 

in healthy patients. In this study,  C. albicans  strains were 

identifi ed in 63.63% of periodontal sites of patients with 

diabetes mellitus and chronic periodontitis. The prevalence 

of  Candida  spp. in subgingival sites was 42.3% in HIV-

positive children and 7.1% in control individuals [8]. 

 Virulence factors of  Candida  species may also be 

involved in the pathogenesis of several oral diseases. How-

ever, few studies have investigated their role in host colo-

nization and the development of infection [33]. Enzymatic 

secretion from oral isolates of  C. albicans , especially phos-

pholipases (PLs) and secreted aspartyl proteinases (SAPs), 

are determinant of not only commensal colonization, but 

also for the pathogenic potential of these yeasts [11,34]. 

Studies have reported that 30 – 100% of the oral isolates of 

 C. albicans  produce phospholipases, with variable degrees 

of enzymatic activity [31,35]. This enzyme was detected in 

91.4% of  C. albicans  isolates in the current study when they 

were incubated in a reduced oxygen atmosphere. Enzymatic 

activity may depend on the site where the pathogen was 

recovered, as for example, phospholipase activity has been 

found in 100, 55, 50 and 30% of the  Candida  species iso-

lated from chronic periodontitis, blood, wound infections 

and urine, respectively [25,32]. Phospholipase expression 

has been shown to be affected by growth conditions [36]. 

It has also been hypothesized that the presence of a high 

concentration of salivary glucose, combined with a reduced 

   Fig. 2  Hemolytic activity of four  Candida albicans  strains. All of the 

isolates were  β -hemolytic strains.  
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salivary secretion rate, enhances the growth of yeasts and 

their adherence to epithelial oral cells in type 2 DM. 

 Considering proteinase production, Koga-Ito  et al.  [33] 

showed that the activity of SAPs is signifi cantly higher in 

denture wearers with signs of candidiasis than in denture 

wearers with a normal palatal mucosa. Another study has 

demonstrated that proteinase expression is not signifi cantly 

higher in  Candida  isolates of patients with diabetes when 

compared to healthy patients, and that type 2 diabetes mel-

litus patients have higher proteinase levels than type 1 DM 

patients [17]. In the present investigation, proteinase 

expression was detected in 94.5% of the  C. albicans  iso-

lates when incubated in a reduced oxygen atmosphere. 

These fi ndings are in agreement with Tsang  et al . [16], who 

found a high proteinase activity in type 2 diabetes mellitus 

patients. In this study, there was no activity of phospholi-

pase or proteinase under anaerobic conditions. It is believed 

that these yeasts can grow under anaerobic conditions but 

under such conditions, fermentation is the dominant path-

way for ATP production. The glycolysis pathway generates 

ATP, NADH and pyruvate molecules under both aerobic 

and anaerobic conditions. Pyruvate is not incorporated into 

the tricarboxylic acid (TCA) cycle under anaerobic condi-

tions, but is metabolized to ethanol by alcohol dehydroge-

nase (ADH). This metabolism is controlled by oxidation 

of NADH to NAD, and this reaction is essential for main-

taining the redox balance in the cytoplasm of fermenting 

cells. It is possible that  C. albicans  does not produce these 

enzymes under anaerobic conditions [37]. Rosa  et al . [22] 

evaluated strains of  C. albicans  recovered from healthy 

patients with chronic periodontitis and observed an increase 

in the activity of SAPs under anaerobiosis when compared 

to aerobiosis. Unfortunately, the current results cannot be 

compared to those obtained in this previous study. Strains 

of  C. albicans  were isolated from healthy patients and in 

our investigation they were taken from diabetic patients. 

Although the atmospheric conditions seem to be similar, 

the current study incubated isolates in an anaerobic cham-

ber as opposed to the use of anaerobic jars employed in the 

earlier study, indicating differences in methodology. 

 Investigations evaluating the activity of hemolysin in 

 C. albicans  are limited and as far as the authors can deter-

mine, there have been no studies of hemolysin activity of 

 C. albicans  isolates recovered from periodontal pockets of 

diabetic patients. Manns  et al . [38] defi ned the conditions 

under which  C. albicans  can display hemolytic activity and 

found that hemolysis is not observed when glucose is not 

available in the culture medium. In this present study, 

hemolytic activity was detected in 98.5% of the  C. albicans  

isolates when studied under both atmospheric conditions 

and that, 64.3% were alpha-hemolytic, 34.3% beta-

hemolytic and 1.5% gamma-hemolytic. Luo  et al . [39] 

evaluated 80  Candida  isolates from clinical sources in dif-

ferent geographical locations and detected only alpha 

hemolysis in experiments with glucose free sheep blood 

agar. A high blood glucose concentration may contribute, 

   Table 2  Frequency of virulence factors of  Candida albicans,  according to genotyping.  

Scores

Genotype A (%) Genotype B (%)

Virulence factor Results RO ANA RO ANA

Colony morphology Rough

  Intermediate

  Smooth

1

  2

  3

35.5

  4.8

  59.7

100

  0

  0

9.1

  7.6

  83.3

100

  0

  0

Proteinase activity Negative (Pz  �  1)

  Positive (Pz  �  1 – 0.63)

  Strongly positive 

(Pz  �  0.63)

0

  1

  2

0

  4.8

  95.2

100

  0

  0

3.0

  1.5

  95.5

100

  0

  0

Phospholipase activity Negative (Pz  �  1)

  Positive (Pz  �  1 – 0.63)

  Strongly positive 

(Pz  �  0.63)

0

  1

  2

16.1

  32.3

  51.6

100

  0

  0

1.5

  83.1

  15.4

100

  0

  0

Hemolysin activity Gama-hemolysis

  Alpha-hemolysis

  Beta- hemolysis

0

  1

  2

3.2

  51.6

  45.2

3.2

  51.6

  45.2

0

  75.8

  24.2

0

  75.8

  24.2

Hydrophobicity Low (0-30%)

  Moderate (31 – 59%)

  High (above 60%)

1

  2

  3

22.6

  40.3

  37.1

11.7

  25.0

  63.3

45.5

  47.0

  7.6

16.9

  41.5

  41.5

   RO, reduced oxygen; ANA, anaerobiosis; Pz, zone of precipitation.   
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directly or indirectly, to increased hemolysin activity 

among  C. albicans  isolates in diabetic patients [16]. 

 In this investigation, the cell surface hydrophobicity 

(CSH) was studied under reduced oxygen and anaerobio-

sis, with the results indicating that strains were more hydro-

phobic when grown under anaerobic conditions. The present 

results indicated that 51.97% of isolates were highly hydro-

phobic under anaerobic conditions and 21.90% under the 

reduced oxygen atmosphere. Hydrophobic interactions may 

be of importance in promoting tissue invasion by the myce-

lia phase of yeast cells. Germ tubes of  C. albicans  are able 

to adhere to fi bronectin, fi brinogen, and complement via 

cell surface receptors [40]. CSH favors attachment of 

 C. albicans  to extracellular matrix components (ECM), 

which are intimately associated with host cell surfaces 

[41]. A recent investigation has suggested that an increase 

in CSH produces impairment of phagocytosis, increasing 

the resistance to blood clearance and, consequently, the 

virulence of  Candida  species [27]. Our study reports the 

fi rst evaluation of the different genotypes of  C. albicans  

from patients with diabetes mellitus and periodontal dis-

ease through the use of 25S rDNA PCR. The fi ndings indi-

cated that these patients are preferentially colonized with 

genotype B (51.6%), although published studies have 

shown a high incidence of genotype A in the healthy pop-

ulation [28,42]. However, there is some evidence to show 

an increase in the isolation of genotype B in immunocom-

promised patients, particularly in HIV patients [4,43]. The 

transposable intron region of the 25S rDNA gene was found 

to be associated with fl ucytosine susceptibility and geno-

type B is more susceptible to fl ucytosine [28]. Genotype B 

was prevalent but genotype A was the most virulent in our 

studies. We noted that 45.2% of the genotype A isolates 

were  β -hemolytic and 61.3% had high hydrophobicity, 

under both atmospheric conditions. Only 24.2% of geno-

type B  C. albicans  strains were  β -hemolytic under both 

conditions and 41.5% had high hydrophobicity under anaer-

obiosis but only 7.6% under reduced O 2 . In another study, 

genotype A was associated with increased resistance to anti-

fungals [28]. This PCR method offers high levels of repro-

ducibility and discrimination, facilitating the delineation of 

 C. albicans  genotypes, while being easily performed in a 

laboratory [44]. 

 In conclusion, oxygen concentration in the environ-

ment infl uences the virulence factors of  C. albicans  

strains isolated from subgingival sites of diabetic and 

periodontal patients. Genotype A seems may be more 

virulent, as per the phenotypic tests evaluated in this 

current study. 

  Declaration of interest:  The author report no confl icts of 

interest. The authors alone are responsible for the content 

and writing of the paper.        
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