
International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2016): 79.57 | Impact Factor (2017): 7.296 

Volume 7 Issue 4, April 2018 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

       

        

       
 

        
 

 

     
 

     
 

    
 

    

 

 

                     

                  

              

        

                   

            

                 

                      

                    

                   

                  

                      

                  

                

                    

       

 

    

Study of Enzymatic Activity and Biofilm Formation

of candida albicans in Oral Isolates Obtained from

Group of Patients with Invasive Oral Candidiasis
 1 2 3 4

Maher K. Jasim , Jamal N. Ahmed , Wifaq M. Alwatar , Enas A. Rashad

1College of Dentistry –Baghdad University

2College of Dentistry –Baghdad University

3College of Medicine–Baghdad University

4Biotchnology Research Center–Al-Nahrine University

Abstract: Background: Candidiasis is one of the most common diseases of human caused by several species of Candida spp., The yeast 
Candida is a normal habitant of the mucous membrane of oral cavity which switch to pathogenic microorganism in 
immunocompromised people. Multiple virulence factors are contributing to enhance the infection in the host. Adherences  to  host 
tissues, switching from yeast to hyphae and exoenzymes secretion are important virulence factors of Candida albicans. These hydrolytic 
enzymes play important roles in pathogenicity of Candida infection. Objective: The present study was conducted with an aim to 
determine in acomparative study phospholipase, proteinase, haemolysin, lipase activities and biofilm formation in oral Candidiasis 
isolated from diseased group and healthy group isolates and patients group before and after treatment with Nystatine 500000IU/ml. 
Material and Methods: A total of 40 Candida albicans were isolated from oral cavity of patients with symptoms of oral candidiasis and 
from 12 healthy group. The specimens were identified by standard microbiological methods up to species level and were inspected for 
production of hydrolytic enzymes and biofilm formation. Results: Phospholipase activity was strong in 8.3% of healthy isolates and 25% 
of patients group, 40% of patients group isolates produced strong proteinase activity and 0% in healthy group, haemolysin activity was 
strong in 37.5% of patient group and 8, 3% of healthy group, lipase activity was strong in 0% of isolates of patients and healthy groups, 
35.7% of Candida albicans of patient group showed strong biofilm formation in comparison to healthy group 8.3%. Conclusion:

Candida albicans showed more extracellular hydrolytic enzyme activity more biofilm formation in patients group than control group, 
Both the C. albicans in patients and control groups are capable of producing extracellular hydrolytic enzymes and biofilm formation but

in filmentous form more than yest form.

Keywords: C.albicans, exoenzymes, filamentous form, conidial form, biofilm formation 

 

1. Introduction 
 

Candida spp. are normal flora of the oral cavity of healthy 

people, the strain candida albicans is capable of switching 

between the yeast form and the pseudo- hyphal form, this 

advantage enable it to establish diseases in 

immunosuppresed peoples causing diseases ranging from 

superficial infection to deep disseminated infection
1, 

2
.candida albicans has multiple virulence factors 

contributing to colonization and pathogenicity of candida 

albicans which include : adhesion, invasion, yeast –hyphal 

transion, biofilm formation, phenotyping switching and 

secretion of hydrolytic exoenzymes
3
. Exoenzymes play a 

major role in overgrowth of candida albicans as it pave the 

way to adhesion, penetration and invation of tissue host
4
. In 

vivo study secreted aspartyl protienase (SAP) are secreted 

by filamentous form of candida albicans.in vitro study 

enzymes SAP secreted by candida albicans when cultured in 

media containing bovine serum albumin protein as the 

nitrogen source.phospholipase enzymes is anthor 

extracellular hydrolytic enzymes associated with cell 

damage, adhesion and penetration and so 

invasion
5
.phospholipase enzymes acting by destruction of 

phospholipids in epithelial cells resulting in cell membrane 

damage, lysis, and so invasion
6
, there are four types of 

phospholipase (PLA, PLB, PLC, PLD).during cell 

destruction elemental iron stored in the cell is acquired by 

the candida by production of hemolysine enzymes after 

which chelation and transporting to fungus for metabolism 

and growth and enhancing infection
7
.in vivo study, the 

ability of candida albicans to use haemoglobine in 

erythrocyte as a source of iron by a process called 

hemolysis
8
.  

 

In 2008, study by almeida
9
 observed that candida albicans 

cause greater damage to oral epithelial cells containing 

elevated concentration of ferritine as compared to cells 

containing low iron levels. Lipase enzymes which hydrolyse 

triacylglycerol by acting on the ester bonds in glycerides
7
. In 

vitro candida albicans can induce lipase activity in media 

containing tween 80 
10

and considered as one of the 

pathogenicity factors of this yeast. Biofilm formation 

defined as organized strucutres involving microbials that are 

attached to tissue and circumvented in a matrix of 

exopolymeric materials causing severe damage to the tissue. 

 

Biofilm initiated by irreversible adherence of microbial cells 

to tissue followed by growth and maturation to form a mesh 

with altered the phenotype, growth rate, gene expression in 

comparison to planktonic cells
11

. Biofilm maintain the role 

of fungus as pathogenic by evading the host immune 

mechanism, resisting antifungal treatment and withstanding 

the competitive pressure from other organisms
12

. 
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Commercially antifungal treatments were developed to 

inhibit or kill pathogenic form of candida and because of the 

resistance developed recently in cases of 

immunocompresion and suppression so new strategies 

targeting the virulence factors by neutralization or inhibition 

should be studied, our study pave the way to understand the 

extracellular hydrolytic enzymes and biofilm formation in 

hyphal and yeast form of candida albicans. 

 

2. Methods 
 

Specimens Collection 

From july 2016 to July 2017, 40 specimens (Oral Swabs) 

were collected in sterilized containers from patients 

attending Al-yarmouk teaching hospitals having clinical 

symptoms of oral candidiasis and 12 specimens from healthy 

people matching in age and gender. 

 

 
Figure 1: (a) patients with denture stomatitis (b) patients with pseudomembranous candidiasis 

 

Isolations and Identification of Candida isolates 

All samples were cultured on Sabouraud Dextrose agar 

(SDA), then was incubated aerobically at 37ºC for 24-48 hrs. 

Candida isolated were identified depending on the 

morphological features on culture medium, germ tube 

formation, Chlamydospore formation, CHROMagar (figure 

2) and with the use of himedia API 20C
 13, 14, 15, 16, 17

. 

 

 
Figure 2: Isolation and identification of candida albicans on 

chromagar as green colony 

 

Detection of some virulence factors 

 

Determination of phospholipase activity
18, 19

. 

The test medium contained 65g Sabouraud dextrose agar, 

58.4g NaCl and 5.5g CaCl2. All were dissolved in 980ml 

distilled water and sterilized by autoclaving at 121ºC 

pounds/inch2 for 12min. Egg yolk was centrifuged at 5000g 

for 30 minutes. The supernatant was collected and added at 

rate of 2%to the above medium, mixed and dispensed in 

plates. An aliquot (10µl) of the yeasts suspension was 

inoculated on the center of test medium which was then 

incubated at 37°C for 4 days. Then the phospholipase 

activity was determined as clear zone around each colony of 

candida due to removal of lipids by candida. 

 
Figure 3: Phospholipase activity of candida albicans 

 

Determination of proteinase activity
20, 21

.  

The test medium composed of 60 ml of solution containing 

0.04g of MgSO4.7H2O, 0.5g of K2HPO4, 1g of NaCl, 0.2g 

of yeast extract, 4g of glucose and 0.5g of BSA (bovine 

albumin serum) was prepared and the pH adjusted to 4.0. 

The solution was sterilized by filtration then mixed with 

140ml of molten agar. An aliquot (10µl) of the yeasts 

suspension was inoculated on the center of test medium 

which was then incubated at 37ºC for 7 days. The diameter 

of the clear zones around the colonies was considered as a 

measure of protease production. 
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Figure 4: Protienase activity of candida albicans 

 

Determination of Lipase activity
22

 

The test medium contained 10g of peptone, 5g of NaCl, 0.1g 

of CaCl2.2H2O, 15 g of agar, and dissolved in 1, 000 ml of 

distilled water, with pH adjusted to be 6.5. Sterilized by 

autoclaving at 121ºC pounds/inch2 for 15min then, it was 

cooled to about 50 ºC, and 5 ml of sterilized Tween 80 was 

added. An aliquot (10µl) of the yeasts suspension was 

inoculated on the center of test medium which was then 

incubated at 37ºC for 5days, Then the lipases activity was 

determined as precipitation zone around the colonies. 

 

 
Figure 5: Lipase activity of candida albicans 

 
Determination of hemolysin activity

23
. 

A Sabouraud dextrose agar (SDA) was prepared according 

to supplied company instruction, and sterilized by autoclave. 

When the medium was cooled down to 50-55°C, 7 % of 

human blood and 3% glucose with a final pH adjusted to 5.6 

was added and dispensed into sterile Petri dishes. An aliquot 

(10µl) of the yeasts suspension was inoculated on the center 

of test medium which was then incubated at 37ºC for 48 h. 

This medium was used to detect the ability of isolates to 

produce hemolysin  

 

 
Figure 6: haemolysine activity of candida albicans 

Enzymes assay
18, 24

. 

The activity was expressed according to the Pz index, i.e. 

colony diameter (a)/ total diameter (b) of the colony plus the 

precipitation halo. The following ranges of activity were 

established according to the Pz index: very strong (++++), 

Pz < 0.69; strong (+++), Pz =0.70- 0.79; mild (++), Pz = 

0.80- 0.89; weak (+), Pz = 0.90- 0.99; and Negative Pz = 1. 

Pz =
𝐶𝑜𝑙𝑜𝑛𝑦  𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟

𝐶𝑜𝑙𝑜𝑛𝑦  𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 +𝑍𝑜𝑛𝑒  𝑜𝑓  𝑝𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑖𝑜𝑛  
 

 

 
Figure 7: Measuring enzyme activity diameter 

 

Biofilm formation by Candidaalbicans Isolates
 25, 26, 27

. 

To study the ability of candida isolate to produce biofilm, 40 

isolates of Candida spp. were grown in sabouraud dextrose 

broth (SDB) containing 8% glucose in 96-well polystyrene 

tissue culture plates and incubated at 37ºC for 48 hrs under 

aerobic conditions. After incubation, the planktonic cells 

were washed ten times with deionized water, and the 

adhering fungi cells in each well were fixed with 200 μl of 

absolute methanol for 20 mins. The plates were emptied and 

left to dry overnight. The adhering cells were stained with 

200 μl of 0.1% crystal violet for 15mins, and excess stain 

was rinsed off. The plates were washed with distilled water 

and air-dried overnight. The crystal violate dye bound to the 

adherent cells was dissolved with 1ml of 95% ethanol per 

well, and the plates were read at 490 nm using micro ELISA 

auto reader. The experiment was performed in triplicates, 

and the absorbance of wells containing sterile SDB was used 

as the negative control the result calculate as in table 1 

 

Table 1: Classification of fungi adherence by tissue culture 

plate method 
28, 29

. 
Optical Density values 

(OD) 

Adherence Biofilm formation 

ODt < OD c Non   ̶̶ Non    ̶̶ 

ODc1< ODt ≤ ODc2 Weakly + Weak + / 

Moderately++ 

ODc 1<ODt ˃ODc2 Moderately++/ 

strong +++ 

strong +++ 

*OD c : optical density of control well. 

*ODt : optical density of tested well. 

 

Table 2: Data of biofilm formation of patients group 
Study group of oral candidiasis 

Biofilm formation-Before treatment N % 

Negative - 0 0.0 

Weak - /+ 12 30.0 

Moderate ++ 14 35.0 

Strong +++ 14 35.0 

Median 2 

 Mean Rank 30.2 
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3. Results  
 

The samples from oral cavity of forty patients were collected 

and included in the study during the period from July 2016 

to July 2017 from patients attending Al-yarmouk teaching 

hospital having clinical symptoms of oral candidiasis , The 

patients were N= 40 in patient group before treatment 

(26males, 14 females), their age ranges between 30-71 years 

and N=38 in patient group after treatment (24 males, 14 

female) with the same age range. Control group N=12 

(8males, 4 females) age ranges 20-60 years. There are no 

significant differences between two groups according to 

gender (table 2.1) and age (table 2.2). 

 

Table 3: Gender difference between control and patients 

group 

 

Study group 

Controls Cases (Oral candidiasis) 

N % N % 

Gender 

    Female 4 33.3 14 35.0 

Male 8 66.7 26 65.0 

Total 12 100.0 40 100.0 

 

Table 4: Mean age difference between controls and patients 

group 

 

Study group 

 

 

Controls Cases (Oral candidiasis) P 

Age (years) 

  

0.02 

Range  (20 to 60)  (30 to 71) 

 Mean 41.4 51.8 

 SD 13.3 13.3 

 SE 3.8 2.1 

 N 12.0 40.0 

  

These isolates were studied for the production of hydrolytic 

enzymes in patients with oral candidiasis before and after 

taking antifungal agents (nystatine 400, 000 IU) and in 

healthy control group such as phospholipase, proteinase, 

lipase, haemolytic activity and for the biofilm 

formation.Phospholipase activity was found in 40 (100%) 

isolates of patients group and 9 (75%) of control group. 

Positivity for proteinase activity was found in 38 (94%) 

Candida isolates from patient group and 6 (50%) of control 

group. Hemolysin activity was seen in 25 (62%) of patients 

isolates and 3 (25%) in control group.lipase activity was 

found in 24 (60%) of patients group and 7 (58.4) in control 

group. About 40 (100%) isolates gave positive result for 

biofilm formations in patient group while in control group 

are 9 (75%). Maximum phospholipase (100%) activity and 

biofilm formation activity (100%) was seen in C. albicans 

isolated from patients with oral candidiasis. 

 

Table 5: Virulence factors difference between control and 

patients group 

  
  
  

Study group 

P Controls 
Cases (Oral 

candidiasis) 

N % N % 

Phospholipase-Before 

treatment 
        <0.001 

Negative 3 25 0 0 
 

Weak (+) 7 58.3 11 27.5 
 

Moderate (++) 1 8.3 19 47.5 
 

Strong (+++) 1 8.3 10 25 
 

Median 1   2   
 

Mean Rank 14.3   30.2   
 

          
 

Proteinase-Before treatment         <0.001 

Negative 6 50 2 5 
 

Weak (+) 4 33.3 7 17.5 
 

Moderate (++) 2 16.7 15 37.5 
 

Strong (+++) 0 0 16 40 
 

Median 0   2   
 

Mean Rank 11.6   31   
 

          
 

Haemolysin-Before treatment         0.019 

Negative 9 75 15 37.5 
 

Weak/moderate (+) 2 16.7 10 25 
 

Strong activity (++) 1 8.3 15 37.5 
 

Median 0   1   
 

Mean Rank 18.2   29   
 

          
 

Lipase-Before treatment         0.62[NS] 

Negative 5 41.7 16 40 
 

Weak (+) 5 41.7 24 60 
 

Moderate (++) 2 16.7 0 0 
 

Strong (+++) 0 0 0 0 
 

Median 1   1   
 

Mean Rank 28.2   26   
 

          
 

Biofilm formation-Before 

treatment 
        <0.001 

Negative 3 25 0 0 
 

Weak 7 58.3 12 30 
 

Moderate 1 8.3 14 35 
 

Strong 1 8.3 14 35 
 

Median 1   2   
 

Mean Rank 14.3   30.2   
 

 

Phospholipase: phospholipase enzyme activity in patient 

group ranged from (weak to strong) with a median value of 

2 which statistically significant with p value of <0.001when 

compared to control group which enzyme activity ranged 

from (negative to strong) with a median of 1 

 

Proteinase: proteinase enzyme activity in patient group 

ranged from (negative to strong) with a median value of 2 

which statistically significant with p value of <0.001when 

compared to control group which enzyme activity ranged 

from (negative to moderate) with a median of 0 

 

Haemolysine: haemolysine enzyme activity in patient group 

ranged from (negative to strong) with a median value of 1 

which statistically significant with p value of 0.019 when 

compared to control group which enzyme activity ranged 

from (negative to strong) with a median of 0  

 

Lipase: lipase enzyme activity in patient group ranged from 

(negative to weak) with a median value of 1 which 

statistically non-significant with p value of 0.62when 

compared to control group which enzyme activity ranged 

from (negative to moderate) with a median of 1 

 

Biofilm formation: biofilm formation in patients group 

ranged from (weak to strong) with a median value of 2 

which statistically significant with a p value >0.001when 

compared to healthy control. 
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Table 6: Enzymes activity and biofilm formation percentage 

before and after therapy 
Enzymes activity 

after treatment  

Enzymes activity 

before treatment  
Extracellular Enzymes 

and Biofilm formation 
N % N % 

29 76.40% 40 100% Phospholipase 

23 60.50% 38 95% Proteinase 

18 47.40% 24 60% Lipase 

19 50% 25 62.50% Haemolysine 

32 84.20% 40 100% Biofilm formation 

 

Table 6: Phospholipase activity after treatment 

 

Phospholipase-After treatment 

 

Negative 

Weak 

 (+) 

Moderate 

 (++) 

Strong 

 (+++) Total 

 

N % N % N % N % N % 

Phospholipase-

Before 

treatment 

          Negative 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 

Weak (+) 3 30.0 5 50.0 2 20.0 0 0.0 10 100.0 

Moderate (++) 4 21.1 15 78.9 0 0.0 0 0.0 19 100.0 

Strong (+++) 2 22.2 1 11.1 6 66.7 0 0.0 9 100.0 

Total 9 23.7 21 55.3 8 21.1 0 0.0 38 100.0 

 

This table show the amount of changes in enzyme activity 

after treatment with Nystatine as 23.7% of cases have 

negative activity as compared to 0.0% before treatment and 

55.3% of cases have weak activity as compared to 27.5% 

before treatment and 21.1% of cases have moderate activity 

as compared to 47.5% in cases before treatment, finally 

0.0% strong enzyme activity as compared to 25% strong 

enzyme activity before treatment.  

 

Table 7: Phospholipase enzyme activity changes after 

treatment 
Phospholipase-Changes after treatment N % 

-3 2 5.3 

-2 5 13.2 

-1 24 63.2 

0 5 13.2 

1 2 5.3 

Total 38 100.0 

P (Wilcoxon Signed Ranks Test)  <0.001 

 

This table explain the degree of shifting toward increase (+) 

or decrease (
__

) in enzymes activity, two cases their enzymes 

activity after treatment had been reduced by three degree 

from strong – moderate- weak (or) moderate – weak – 

negative. Five cases their enzyme activity reduced by two 

degree strong—moderate or moderate —weak or weak—

negative. twenty four cases their enzymes activity have not 

been changed reduced or increased and only two cases their 

enzyme activity increased by one degree moderate —strong 

or weak—moderate or negative —weak. 

 

Table 8: Proteinase enzyme activity after treatment 

 

Proteinase-After treatment 

Negative 

Weak  

 (+) 

Moderate 

 (++) 

Strong  

 (+++) Total 

N % N % N % N % N % 

Proteinase-Before 

treatment 

          Negative 2 100.0 0 0.0 0 0.0 0 0.0 2 100.0 

Weak (+) 3 42.9 4 57.1 0 0.0 0 0.0 7 100.0 

Moderate (++) 6 40.0 9 60.0 0 0.0 0 0.0 15 100.0 

Strong (+++) 4 28.6 6 42.9 4 28.6 0 0.0 14 100.0 

Total 15 39.5 19 50.0 4 10.5 0 0.0 38 100.0 

 

This table show the amount of changes in enzyme activity 

after treatment with Nystatine as 39.5% of cases have 

negative activity as compared to 5.0% before treatment and 

50% of cases have weak activity as compared to 17.5% 

before treatment and 10.5% of cases have moderate activity 

as compared to 37.5% in cases before treatment, finally 

0.0% strong enzyme activity as compared to 40% strong 

enzyme activity before treatment  

 

Table 9: Proteinase enzyme activity changes after treatment 
Proteinase-Changes after treatment N % 

-3 4 10.5 

-2 12 31.6 

-1 16 42.1 

0 6 15.8 

Total 38 100.0 

P (Wilcoxon Signed Ranks Test)  <0.001 

 

This table explain the degree of shifting towared increase (+) 

or decrease (
__

) in enzymes activity, four cases their 

enzymes activity after treatment had been reduced by three 

degree from strong – moderate- weak (or) moderate – weak 

– negative. Twelve cases their enzyme activity reduced by 

two degree strong—moderate or moderate —weak or 

weak—negative. six cases their enzymes activity have not 

been changed reduced or increased and only six cases their 

enzyme activity decreased by one degree strong — moderate 

or moderate —weak or weak —negative. 

 

Table 10: Haemolysin enzyme activity after treatment 

  

Haemolysin-After treatment 

Negative 
Weak/ 

moderate (+) 

Strong 

 activity 

(++) 

Total 

N % N % N % N % 

Haemolysin-Before 

treatment 
                

Negative 14 93.3 1 6.7 0 0 15 100 

Weak/moderate (+) 4 40 6 60 0 0 10 100 

Strong activity (++) 1 7.7 6 46.2 6 46.2 13 100 

Total 19 50 13 34.2 6 15.8 38 100 

 

This table show the amount of changes in enzyme activity 

after treatment with Nystatine as 50% of cases have negative 

activity as compared to 37.5% before treatment and 34.2% 

of cases have weak/moderate activity as compared to 25% 

before treatment, finally 15.8% of cases have strong enzyme 

activity as compared to 37.5% strong enzyme activity before 

treatment  

 

Table 11: Haemolysine enzyme activity changes after 

treatment 
Haemolysin-Changes after treatment N % 

-2 1 2.6 

-1 10 26.3 

0 26 68.4 

1 1 2.6 

Total 38 100.0 

P (Wilcoxon Signed Ranks Test)  0.005 

 

This table explain the degree of shifting toward increase (+) 
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or decrease (
__

) in enzymes activity, one caseits enzyme 

activity reduced by two degree strong—moderate or 

moderate —weak or weak—negative and only Ten cases 

their enzyme activity decreased by one degree strong — 

moderate or moderate/weak – negative. twenty six cases 

their enzymes activity have not been changed reduced or 

increased and only one case their enzyme activity increased 

by one degree moderate/weak —strong or negative —

weak/moderate. 

 

Table12: lipase enzyme activity after treatment 

  

Lipase-After treatment 

Negative Weak (+) 
Moderate 

(++) 

Strong 

(+++) 
Total 

N % N % N % N % N % 

Lipase-Before 

treatment 
                    

Negative 15 93.8 1 6.3 0 0 0 0 16 100 

Weak (+) 5 22.7 17 77.3 0 0 0 0 22 100 

Moderate (++) 0 0 0 0 0 0 0 0 0 0 

Strong (+++) 0 0 0 0 0 0 0 0 0 0 

Total 20 52.6 18 47.4 0 0 0 0 38 100 

 

This table show the amount of changes in enzyme activity 

after treatment with nystatine as 52.6% of cases have 

negative activity as compared to 40% before treatment and 

47.4% of cases have weak activity as compared to 60% 

before treatment and 0.0% of cases have moderate activity 

the same 0.0% in cases before treatment, finally 0.0% strong 

enzyme activity as well as 0.0 % strong enzyme activity 

before treatment  

 

Table 13: lipase enzyme activity changes after treatment 
Lipase-Changes after treatment N % 

-1 5 13.2 

0 32 84.2 

1 1 2.6 

Total 38 100.0 

P (Wilcoxon Signed Ranks Test) 0.1[NS] 

 

This table explain the degree of shifting towared increase (+) 

or decrease (
__

) in enzymes activity, only five cases their 

enzyme activity decreased by one degree strong — moderate 

or moderate/weak – negative. Thirty two cases their 

enzymes activity have not been changed reduced or 

increased and only one case their enzyme activity increased 

by one degree moderate/weak —strong or negative —

weak/moderate. 

 

Table 14: Biofilm formation ability after treatment 

 

Biofilm formation-After treatment 

Negative Weak Moderate Strong Total 

N % N % N % N % N % 

Biofilm 

formation-Before 

treatment 

          Negative 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 

Weak 3 25.0 9 75.0 0 0.0 0 0.0 12 100.0 

Moderate 3 21.4 6 42.9 5 35.7 0 0.0 14 100.0 

Strong 0 0.0 2 16.7 10 83.3 0 0.0 12 100.0 

Total 6 15.8 17 44.7 15 39.5 0 0.0 38 100.0 

 

This table show the amount of changes in biofilm formation 

ability after treatment with nystatine as 15.8% of cases have 

negative activity as compared to 0.0% before treatment and 

44.7% of cases have weak activity as compared to 30% 

before treatment and 39.5% of cases have moderate activity 

as compared to 35% in cases before treatment, finally 0.0% 

strong enzyme activity as compared to 35% strong enzyme 

activity before treatment  

 

Table15: Degree of changes in biofilm formation ability 

after treatment 
Biofilm formation-Changes after treatment N % 

-2 5 13.2 

-1 19 50.0 

0 14 36.8 

Total 38 100.0 

P (Wilcoxon Signed Ranks Test) <0.001 

 

This table explain the degree of shifting toward increase (+) 

or decrease (
__

) in biofilm formation ability, Five cases their 

biofilm formation ability reduced by two degree strong—

moderate —weak or moderate —weak—negative. nineteen 

case their biofilm formation ability have been decreased by 

one degree strong — moderate or moderate —weak or weak 

—negative and only fourteen case their biofilm formation 

ability have not been changed reduced or increased. 

 

4. Discussion 
 

Virulence factors in control and patients group 

Infections caused by Candida spp. increase as a result of the 

increase of immune compromised patients in the 

community, thus, oral candidiasis is one of the most 

common oral opportunistic infection in this group of patients 

(Venkatesan et al. 2015; Mushi et al. 2016). Little is known 

about the epidemiology of oral Candida colonization and 

infection in immunocompromised patients in developing 

countries. As show in the result, all patients have a high of 

Candida colonization in their oral cavity, about (77.8%), 

compared with (37.5%) the colonization of control 

individuals. This finding may be a result of the using of 

chemotherapy, radiation, high doses of oral and systemic 

corticosteroids, and underlying diseases such as diabetes 

mellitus, which inhibit the immune system and contributed 

to this phenomenon (Magare & Awasthi 2014; Teoh & 

Pavelka 2016). 

 

C. albicans is a well known opportunistic pathogen will well 

developed virulence factors responsible for tissue invasion 

of host tissues (scheller et al, 2005). But it can be part of 

normal flora healthy individuals mouthand in certain 

conditions turned to virulent. This is particularly important, 

where the organism has to resist the washing action of saliva 

flow (sitheeque and samaranayake, 2003).virulence factors 

including the expression of adhesinsand invasins on the cell 

surface (canon and chaffin, 1999). Many different hydrolytic 

enzymes are identified in Candida sp. including secreted 

aspartyl proteinase, phospholipase, lipase as the production 

of these enzymes helps in host cell colonization. 

 

in our study many hydrolytic enzymes were tested in order 

to help C.albicans to colonize the host mucus membrane and 

establish infection as a part of complicated process to 

overcome host defense mechanism (calderone et al, 2002) 

As Out of 40 isolate obtained from diseased patients in 

medical wards complaining from various systematic diseases 
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in association with oral invasive candidiasis, shown a 

variable enzymatic activity as 100% of them had a possible 

phospholipase activity, a similar finding noticed by T-sang 

at 2007 when all his oral candidiasis cases showed 

phospholipase activity. Price in 1982, wu et al in 1996, 

reported that this enzyme digesting the host membrane 

phospholipase to end up in cell lysis and attain a sustained 

adhesion to achieve subsequent infection with Candida 

albicans so that it was one of the strongest virulence factors 

for the measure of the degree of invasion or non-invasion in 

various candidal strains. 

 

Regarding hemolysine activity it also notably elevated in our 

sample of patients as it was seen in 62% of cases and only 

seen in 25% of control group with a statistically significant 

difference at a p value < 0.01 the administration of any oral 

antifungl agents as a mouth wash to reduce local infection it 

was seen also by other coworkers as (mann 1994, watanbe 

1999) as hemolytic activity greatly related to the invasive 

strains that are utilizing iron from oral cavity by hemolysis 

of red blood cell, and as iron bind to a protein found in the 

saliva called lactoferrin, to supply candida albicans with its 

demands of iron to survive and multiply in the oral cavity of 

diseased patients with symptomatic oral candidiasis, so this 

finding was mainly related to the mannoprotein released 

from yeast to bind band 3 protein on red blood cell 

promoting their distribution and hemolysis providing iron 

for candida albicans (almemdia 2008, watanabe 1999). 

 

About 94% of C. albicans showed proteolytic activity in 

patient group in the present study This observation was 

similar to the reports given by previous workers
46

. 

 

As for the other extracellular enzymes Lipase are enzyme 

that hydrolyse the ester bonds of mono-, di-, and triglycerols 

to produce free fatty acids like monoaclyglycerols and 

glycerols (Tsai et al., 2013).Lipase play a role in the 

adhesion and penetration of infection process in murine 

model of haemetogenously disseminated candidiasis and 

supporting a role for these extracellular hydrolases in 

Candida albicans pathogenicity (Stiniszewska et al., 2012 

;Mayer et al., 2013). Lipase were seen in 60% of yeast as 

compared to 41, 7% in the control group as we noticed a 

similar result by pakshir, 2008 and aktash 2002. 

 

Rudek et al. (1978) demonstrated that lipase activity would 

appear to be equal between patients and control groups as 

common feature of Candida species that are frequently 

isolated from clinical specimens. Kumar et al. (2006)
50

 

reported that lipase detection methods cannot be used as the 

sole phenotypic identification of C.albicans when adding 

Tween 80 to the test medium but the test appears to be 

simple, economical and easy method to perform for use in 

small clinical laboratories. Melak et al. (2012)
51

 detected 

that C. albicans showed lipase activity increase in aerobic 

conditions like oral cavity or skin but not in anaerobic 

conditions 

 

For the biofilm formation, it is a vast important virulence 

factor of candida species especially candida albicans as it 

was greatly reffered to the aggressiveness of strains during 

tissue invasion and mucosal barrier distribution, some 

researchers were unable to notice any growth on microtiter 

plate in vitro (gultekin, 2011), but in our study the growth 

was noticed clearly in microtiter plate stained in vitro and 

was seen in all candida albicans stains 100% and in 75% of 

candida albicans of the control group as well, it was the 

opposite to the finding of demirbilek.2007, and the 

difference between both control and the patients group was 

statistically significant at p value ≤ 0.001 referencing to a 

clear relationship between oral candidiasis and invitro 

biofilm formation for candida albicans strain, linked to more 

sever clinical form of the diseases. 

 

Difference in virulence factors (enzymes activity and 

biofilm formation) in patient group before and after 

therapy with Nystatine 400, 000 IU  

 

Phospholipase activity in patient group before treatment 

were reduced as 23.7% of cases have negative activity as 

compared to 0.0% before treatment and 55.3% of cases have 

weak activity as compared to 27.5% before treatment and 

21.1% of cases have moderate activity as compared to 

47.5% in cases before treatment, finally 0.0% strong enzyme 

activity as compared to 25% strong enzyme activity before 

treatment Phospholipase activity was detected in 100 % of 

the C.albicans isolates in this study. Previous studies have 

reported phospholipase activity in 30 to 100 % of candida 

isolates from various groups of patients and from various 

sites (Price et al., 1982; Wu et al., 1996) Some host factors, 

such as salivary flow rate, salivary pH, wearing of dentures, 

alcohol use and smoking habits, are associated with an 

increased oral carriage rate of Candida species (Kadir et al., 

2002). Phospholipase gene expression has been shown to be 

affected by growth conditions (Samaranayake et al., 2006). 

It has also been hypothesized that the presence of a high 

concentration of salivary glucose combined and reduced 

salivary secretion rate enhances the growth of yeasts and 

their adherence to epithelial oral cells of type 2 DM patients 

(Darwazeh et al., 1991), by increasing phospholipase 

activity.  

 

Proteinase activity after treatment with Nystatine as 39.5% 

of cases have negative activity as compared to 5.0% before 

treatment and 50% of cases have weak activity as compared 

to 17.5% before treatment and 10.5% of cases have 

moderate activity as compared to 37.5% in cases before 

treatment, finally 0.0% strong enzyme activity as compared 

to 40% strong enzyme activity before treatment. Koga-Ito et 

al. (2006) showed that Sap activity is significantly higher in 

denture wearers with signs of candidiasis. A number of 

constituents in the saliva may contribute to the higher levels 

of oral proteinase observed in oral candidiasis patients 

(Manfredi et al., 2006). Higher salivary levels of glucose, 

IgA, and other salivary enzymes such as matrix 

metalloproteinase (MMP-8), gelatinase (MMP-9) and 

lysozyme, may all influence salivary proteinase activity and 

concentration in a direct or indirect fashion (Rayfield et al., 

1982; Stevens et al., 1990; Collin et al., 2000) 

 

Lipase enzyme activity after treatment with nystatine as 

52.6% of cases have negative activity as compared to 40% 

before treatment and 47.4% of cases have weak activity as 

compared to 60% before treatment and 0.0% of cases have 

moderate activity the same 0.0% in cases before treatment, 

finally 0.0% strong enzyme activity as well as 0.0 % strong 
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enzyme activity before treatment. Anees etal, 2011 reported 

that increased lipase activity of candida albicans in oral 

cavity of patients with renal transplantation. Study by 

Kurnatowska AJ in 1998 showed that greatest lipase activity 

in atrophic candidiasis is for candida albicans strain. 

 

Haemolysine enzyme activity after treatment with nystatine 

as 50% of cases have negative activity as compared to 

37.5% before treatment and 34.2% of cases have 

weak/moderate activity as compared to 25% before 

treatment, finally 15.8% of cases have strong enzyme 

activity as compared to 37.5% strong enzyme activity before 

treatment. Yeniṣehirli et al. (2010) and França et al. (2011) 

reported that all C. albicans strains isolated from various 

clinical samples showed beta hemolysis. In another study, 

ỈncỈ et al. (2012) reported that 91.1% of the C. albicans and 

88% of the non-albicans Candida species showed beta 

haemolysin activity. Tsang et al. (2007) reported that 

haemolysin production by C. albicans is higher in diabetic 

patients than in non-diabetic individuals, and suggested that 

increased blood glucose concentration may directly or 

indirectly influence the haemolysin production by C. 

albicans and this study is in agreement with our study as 

strong activity occur in diabetic patients  

 

Finally, All these findings (enzymes and biofilm) show 

difference after two to four weeks of treatment which may 

be affected by hydration which increase salivary flow rate 

reduce colony forming unit in saliva and this finding is in 

agreement with a study by (Torres et al, 2002, Nadig et al, 

2017.) as well as increasing salivary flow rate also shift PH 

of saliva toward alkalinity by increasing bicarbonate 

(HCO3-) concentration which is the buffering system of 

unstimulated whole saliva (UWS) this finding is in 

agreement with a study by (Bardow et al, 2000). also study 

by Bikandi et al in (2000) reported that at a neutral PH of 

saliva expression of manoprotein of candida cell wall 

increase so Salivary secretory IgA reacts with it and ensure 

clearance, The low reactivity of salivary IgA with C. 

albicans cells grown at acidic pH values may help to explain 

the association between acidic saliva and the carriage of 

Candida in the oral cavity, as well as with oral candidiasis. 

 

5. Conclusion  
 

Candida albicans showed more extracellular hydrolytic 

enzyme activity more biofilm formation in patients group 

than control group, Both the C. albicans in patients and 

control groups are capable of producing extracellular 

hydrolytic enzymes and biofilm formation. 

 

So it is necessary to understand the pathogenicity 

mechanisms of the Candida sp. for the development of new 

antifungal strategy. Because of the multi-drug resistance 

developed by Candida sp. The study of virulence factors of 

Candida sp. Helps for the better understanding of the 

various virulence factors exhibited by Candida sp. 

 

References 
 

[1] Lo HJ, Kohler JR, Di Domenico B, et al 1997. Non-

filamentous C. Albicans mutants are avirulent. Cell 90 

(5): 939–949. 

[2] Ramage, G., VandeWalle, K., Tomsett, K., Lopez-

Ribot, J.L. and Wicks, B. (2002a) The filamentous 

pathway controlled by the Efg1 regulator protein is 

required for normal biofilm formation and development 

in Candida albicans FEMS Microbiol Lett 214, 95–100. 

[3] François LM, Duncan W, Bernhard H (2013).Candida 

albicans pathogenicity mechanisms. Virulence, 4 

(2):119-128. 

[4] Schaller M, Borelli C, Korting HC, Hube B (2005). 

Hydrolytic enzymes as virulence factors of Candida 

albicans. Mycoses, 48:365-377. 

[5] Kabir, M. A., Hussain, M. A. & Ahmad, Z. (2012). 

Candida albican:a model organisms for studying fungal 

pathogens. ISRN Microbiol 2012, 538694. 

[6] Bhat V, Sharma SM, Shetty V, Shastry CS, Rao V 

(2011). Extracellular enzymes of Candida albicans and 

their role in development of denture stomatitis- a 

review. J. Indian Acad. Dent. Spec. 2 (1):26-30. 

[7] Williams D, Lewis M (2011). Pathogenesis and 

treatment of oral Candidosis. J. Oral. Microbiol. 3:57-

71. 

[8] Watanabe T, Takano M, Murakami M, Tanaka H, 

Matsuhisa A, Nakao N (1999). Characterization of a 

haemolytic factor from Candida albicans. Microbiol. 

145 (3):689-94.  

[9] Almeida RS, Brunke S, Albrecht A, Thewes S, Laue M, 

Edwards JE (2008). The hyphal-associated adhesin and 

invasion Als3 of Candidaalbicans mediates iron 

acquisition from host ferritin. PLoS Pathog. 4 

(11):1000217. sheridan R, Ratledge C. Changes in cell 

morphology and carnitine acetyltransferase activity in 

Candida albicans following growth on lipids and serum 

and after in vivo incubation in mice. Microbiology 

1996; 142: 3171–80. 

[10] Dominic, R. M., Shenoy, S. & Baliga, S. (2007). 

Candida biofilms in medical devices: evolving trends. 

Kathmandu Univ Med J (KUMJ) 5, 431–436. 

[11] Ozkan, S., Kaynak, F., Kalkanci, A., Abbasoglu, U. & 

Kustimur, S. (2005). Slime production and proteinase 

activity of Candida species isolated from blood samples 

and the comparison of these activities with minimum 

inhibitory concentration values of antifungal agents. 

Mem Inst Oswaldo Cruz 100, 319–323. 

[12] Raju S. B; and Rajappa S. (2011). Isolation and 

Identification of Candida from the Oral 

Cavity.ISRN.Dentistry., 7. 

[13] Rose, A. H. and Harisson, J. S. (1969). The yeast: 

Biology of Yeast, 1, Academic press, London. 

[14] Hamester, M.; Wanderley, L.; Brustolin, J. and 

Fuentefria, A.M. (2010). Incidence of Candida spp. in 

oral cavity of elderly with removable, total orpartial, 

dental prosthesis in the City of Coronel Freitas, State of 

Santa Catarina, Brazil. Revista Panamericana de 

Infectología., 12 (1): 17-22. 

[15] Daef, E., Moharram, A., SeifEldin, S., Elsherbiny, N. 

and Mohammed, M. (2014). Evaluation of chromogenic 

media and seminested PCR in the identification of 

Candida species. Braz. J. Microbiol. 45 (1): 255-262. 

[16] Kumar CP, Menon T, Sundararajan T, Nalini S, 

Thirunarayan MA, Rajasekaran S, Venkatadesikalee M 

(2006). Esterase activity Candida species isolated from 

immunocompromised hosts. Rev. Iberoam. Micol. 

23:101-103. 

Paper ID: ART2018524 DOI: 10.21275/ART2018524 67 

www.ijsr.net
http://creativecommons.org/licenses/by/4.0/


International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2016): 79.57 | Impact Factor (2017): 7.296 

Volume 7 Issue 4, April 2018 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

[17] Price MF, Wilkinson ID, Gentry LO (1982). Plate 

method for detection of phospholipase activity in 

Candida albicans. Sabouraudia. 20:7-14. 

[18] Samaranayake LP, Raeside JM, MacFarlane TW 

(1984). Factors affecting the phospholipase activity of 

Candida species in vitro. Sabouraudia. 22:201-207. 

[19] Aoki, T.; Moro, H.; Koshio, N.; Tamura, T.; anabe, Y.; 

Kawai, H. Matsuto, T. and Okada M. (2010). Results of 

antifungal susceptibility testing of Candida species and 

trends of antifungal use in Niigata University Medical 

and Dental Hospital, Rinsho Byori., 58 (7): 658-63. 

[20] Júnior, A.; Silva, A.; Rosa, F.; Monteiro, S.; Figueiredo, 

P. and Monteiro C. (2011). In vitro differential activity 

of phospholipases and acid proteinases of clinical 

isolates of Candida. Journal of the Brazilian Society of 

Tropical Med., 44 (3): 334-338. 

[21] Lan, D.; Hou, S.; Yang, N.; Whiteley, C, ; Yang, B. and 

Wang Y. (2011). Optimal production and biochemical 

properties of a lipase from Candida albicans. Int. J. Mol. 

Sci., 12: 7216-37. 

[22] Luo, G; Samaranayake, L. P; and Yau, J. Y. (2001). 

Candida Species Exhibit Differential in Vitro Hemolytic 

Activities.J. Clin.Microbiology., 39 (8): 2971–2974. 

[23] Koga-Ito, C.Y.; Lyon, I. P. Vidotto, V. and de Rescnde, 

M. A. (2006). Virulence factors and antifungal 

susceptibility of Candida albicans isolated from oral 

candidosis patients and control individuals. 

Mycopathologia., 161: 219-223. 

[24] Christensen, G.D.; Simpson, W.A.; Bisno, A.L. and 

Beachey, E.H. (1985).Adherence of slime producing 

strains of Staphylococcus epidermidis to smooth 

surfaces. J.Infect Immun.37: 318-26. 

[25] Silva, S.;M. Negri, M; Henriques, R.;Oliveira, 

D.;Williams, and J. Azeredo. (2010). Silicone 

colonization by non-Candida albicans Candida species 

in the presence of urine. J. Med. Microbiol. (59):747-

754. 

[26] Yigit, N.;Aktas, E.; Dagistan, S. and Ayyildiz, A. 

(2011). Investing biofilm production, coagulase and 

hemolytic activity in Candida species isolated from 

denture stomatitis patients. The Eurasian J. Med. 43:27-

32. 

[27] D'Antonio, D.;Romani, F.;Pontieri, E.and Carruba G. 

(2002). Catheter related candidaemia caused by 

Candidalipolytica in a patient  

[28] Atshan, S.S.; Shamsudin, M.N.; Sekawi, Z.; Lung, 

L.T.T.; Hamat, R.A.; Karunanidhi, A.; Mateg, Ali, A.; 

Ghaznavi-Rad, E.;Ghasemzadeh-Moghaddam, H.; 

Chong Seng, J.S.;Nathan, J.J.Pei, C. (2012). Prevalence 

of Adhesion and Regulation of Biofilm-Related Genes 

in Different Clones of Staphylococcus aureus. J. 

Biomed. Biotech. 3: 10-17. 

[29] Sitheeque MAM, Samaranayake LP (2003). Chronic 

hyperplastic candidosis/candidiasis (Candidal 

leukoplakia). Crit. Rev. Oral Biol. Med. 14 (4):253-267. 

[30] Cannon, R. D. & Chaffin, W. L. (1999). Oral 

colonization by Candida albicans. Crit Rev Oral Biol 

Med 10, 359–383. 

[31] Calderone R, Hube B, Naglik JR (2002). 'Extracellular 

Hydrolases': In Candida and Candidiasis. ASM press, 

Washington, pp. 107-122. 

[32] Tsang CSP, Chu FCS, Leung WK, Jin LJ, 

Samaranayake LP, Siu SC (2007). Phospholipase, 

proteinase and haemolytic activities of Candida 

albicans isolated from oral cavities of patients with type 

2 diabetes mellitus. J. Med. Microbiol. 56:1393-1398. 

[33] Wu T, Samaranayake LP, Cao BY, Wang J (1996). In-

vitro proteinase production by oral Candida albicans 

isolates from individuals with and without HIV 

infection and its attenuation by antimycotic agents. J. 

Med. Microbiol. 44:311-316. 

[34] Marcos-Arias C, Eraso E, Madariaga L, Aquirre JM, 

Quindos G (2011). Phospholipase and proteinase 

activities of Candida isolates from denture wearers. 

Mycoses. 54 (4) :e10-6. doi: 10.1111/j.1439- 

0507.2009.01812.x. 

[35] Manns JM, Mosser DM, Buckley HR (1994). 

Production of hemolytic factor by Candida albicans. 

Infect. Immun. 62:5154-5156. 

[36] Aktas E, Yigit N, Ayyildiz A (2002). Esterase Activity 

in Various Candida Species. J. Int. Med. Res. 30:322-

324. 

[37] Rudek W (1978). Esterase activity in Candida species. 

J. Clin. 

[38] Microbiol. 8:756-769. 

[39] Melek I, Mustafa AA, Ayşe NK, Erkan Y, Omer E, 

Suleyman D, Gonca D (2012). Investigating virulence 

factors of clinical Candida isolates in relation to 

atmospheric conditions and genotype. Turk. J. Med. Sci. 

42 (2):1476-1483. 

[40] Gultekin B, Eyigor M, Tiryaki Y, Kirdar S, Aydin N 

(2011). Investigation of antifungal susceptibilities and 

some virulence factors of Candida strains isolated from 

blood cultures and genotyping by RAPD-PCR. 

Microbiol. Bull. 45: 306–317. 

[41] Demirbilek M, Timurkaynak F, Can F, Azap O, Arslan 

H (2007). Biofilm production and antifungal 

susceptibility patterns of Candida species isolated from 

hospitalized patients. Mikrobiyol. Bull. 41: 261-269. 

[42] Mushi, M. F., Mtemisika, C. I., Bader, O., Bii, C., 

Mirambo, M. M., GroB, U. and Mshana, S. E. (2016). 

High oral carriage of Non-albicansCandida spp. among 

HIV-infected individuals. Int. J. Infec. Dis. 49: 185-188. 

[43] Venkatesan, G., Uppoor, A., Naik, D., Kadkampally, D. 

and Maddi, A. (2015). Oral Candida carriage and 

morphotype differentiation in chronic periodontitis 

patients with and without diabetes in the Indian sub-

continent. Dent. J. 3: 123-131. 

[44] Kadir, T., Pisiriciler, R., Akyu z, S., Yarat, A., Emekli, 

N. & Ipbuker, A. (2002). Mycological and cytological 

examination of oral candida carriage in diabetic patients 

and non-diabetic control subjects:thorough analysis of 

local aetiologic and systemic factors.J OralRehabil29, 

452–457. 

[45] Samaranayake, Y. H., Dassanayake, R. S., Cheung, B. 

P. K., Jayatilake, J. A., Yeung, K. W. S., Yau, J. Y. Y. 

& Samaranayake, L. P. (2006). Differential 

phospholipase gene expression by Candida albicans in 

artificial media and cultured human oral epithelium. 

APMIS 114, 857–866. 

[46] Darwazeh, A. M., MacFarlane, T. W., McCuish, A. & 

Lamey, P. J. (1991). Mixed salivary glucose levels and 

candidal carriage in patients with diabetes mellitus. J 

Oral Pathol Med 20, 280–283. 

[47] Koga-Ito, C. Y., Lyon, J. P., Vidotto, V. & Resende, M. 

A. (2006). Virulence factors and antifungal 

Paper ID: ART2018524 DOI: 10.21275/ART2018524 68 

www.ijsr.net
http://creativecommons.org/licenses/by/4.0/


International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2016): 79.57 | Impact Factor (2017): 7.296 

Volume 7 Issue 4, April 2018 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

susceptibility of Candida albicans isolates from oral 

candidiasis patients and control individuals. 

Mycopathologia161, 219–223. 

[48] Manfredi, M., McCullough, M. J., Al-Karaawi, Z. M., 

Vescovi, P. & Porter, S. R. (2006). In vitro evaluation 

of virulence attributes of Candida spp. isolated from 

patients affected by diabetes mellitus. Oral Microbiol 

Immunol 21, 183–189. 

[49] Rayfield, E. J., Ault, M. J., Keusch, G. T., Brothers, M. 

J., Nechemias, C. & Smith, H. (1982). Infection and 

diabetes: the case for glucose control. Am J Med 72, 

439–450. 

[50] Stevens, D. A., Odds, F. C. & Scherer, S. (1990). 

Application of DNA typing methods to Candida 

albicans epidemiology and correlations with phenotype. 

Rev Infect Dis 12, 258–266. 

[51] Collin, H. L., Sorsa, T., Meurman, J. H., Niskanen, L., 

Salo, T., Ronka, H., Konttinen, Y. T., Koivisto, A. M. & 

Uusitupa, M. (2000). Salivary matrix metalloproteinase 

(MMP-8) levels and gelatinase (MMP-9) activities in 

patients with type 2 diabetes mellitus. J Periodontal Res 

35, 259–265. 

[52] Anees MM1, Reich A, Hirschberg L, Watorek E, El-

Shinnawi UM, Ibrahiem TM, El-Shaarawy S, 

Szepietowski JC. (2010).Enhanced enzymatic activity 

of Candida species responsible for oral candidiasis in 

renal transplant recipients.Mycoses. 2011 Jul;54 

(4):337-44. 

[53] Kurnatowska AJ (1998).Activity of hydrolytic enzymes 

of Candida albicans strains isolated from patients with 

periodontal and membrane mucosae of oral cavity 

diseases.Mycopathologia. 1998;141 (2):105-9. 

[54] ỈncỈ, M.; Atalay, M.A.;Koc, A.N.;Yula, E.; Evirgen, 

O.;Durmaz, S. and DemỈr, G. (2012).Invsetigating the 

virulence factors of clinical candida isolated in relation 

genotypes. Turkish J. Med. Sci. 42 (Sup2):1476-1483. 

[55] França, E.J.;Furlaneto-Maia L.; Quesada, R.M, et al.,. 

(2011).Haemolytic and proteinase activities in clinical 

isolates of Candida parapsilosis and Candida tropicalis 

with reference to the isolation anatomic site. 

Mycoses.54: 44 – 51. 

[56] Yenişehirli, G.; Bulut, Y. and Tunçoglu E. (2010). 

[Phospholipase, proteinase and hemolytic activities of 

Candida albicans isolates obtained from clinical 

specimens]. Mikrobiyol. Bul.44: 71–77. 

Paper ID: ART2018524 DOI: 10.21275/ART2018524 69 

www.ijsr.net
http://creativecommons.org/licenses/by/4.0/



