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Abstract 

Received: 10.08.2012 Candida species great versatility may explain their wide range of infections occurred in a great 
variety of hosts. Even though many modern molecular techniques arise, phenotypic assays still 
provide valuable information and can guide the diagnosis and the treatment of infections. The 
phenotypic investigation of virulence determinants in some recent nosocomial isolates of 
Candida spp. revealed that the fungal clinical strains may develop specific virulence profiles 
depending on the taxonomic affiliation of the tested strains and the source of infection. Our 
data support the usefulness of phenotypic assays in predicting the clinical outcome of the fungal 
infections and in the adjustment of the antifungal treatment.  
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Introduction 
 
The incidence of fungal infections, especially those 
produced by Candida species has dramatically 
increased over the past two to three decades, and this 
trend will inevitably continue into the 21st century. One 
of the most common fungal pathogens is Candida 
albicans, which is becoming the fourth leading cause 
of nosocomial infections [1]. Candida species are 
ubiquitous fungi and also true opportunistic pathogens 
that exploit recent medical technological advances to 
gain access to the circulation and deep tissues. Candida 
species usually reside as commensal organisms as part 
of an individual's normal micro-flora and can be 
detected in approximately 50% of the population in this 
form. However, if the balance of the normal flora is 
disrupted or the immune defenses are compromised, 
Candida species often become pathogenic [2]. 
Advances in medical technology, chemotherapeutics, 
cancer therapy, and organ transplantation have greatly 
reduced the morbidity and mortality of life-threatening 

disease. Patients who are critically ill and in medical 
and surgical intensive care units have been the prime 
targets for opportunistic nosocomial fungal infections, 
primarily due to Candida species. Even if Candida spp. 
infections occur with a great prevalence, our 
knowledge of their virulence mechanisms is incomplete 
and our best antifungal agents are often ineffective in 
treating severe candidiasis [3].The limited number of 
suitable and effective antifungal drugs, that often limits 
therapeutic options [4], the continuing increase in the 
incidence of Candida infections, together with 
increasing drug resistance, highlight the need to 
discover new and better agents that target fundamental 
biological processes and/or pathogenic determinants of 
C. albicans   [5,6]. As a result of great adaptability to 
the host, most pathogens, including Candida species, 
have developed an effective battery of putative 
virulence factors and specific strategies to assist in their 
ability to colonize host tissues, cause disease, and 
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overcome host defenses [7]. The key topics in choosing 
new and effective antimicrobial therapies should thus 
rely on a good characterization of the pathogen 
involved and on the clinical context of the occurring 
infection, since pathogens may act different in 
dissimilar clinical situations. One of the most 

promising antifungal strategies is based on the 
identification of vulnerable virulence pathways that can 
be targeted with novel antifungal therapies [1, 2]. The 
purpose of this study was to characterize the virulence 
potential and to compare the virulence factors profiles 
of some recent different Candida clinical isolates. 

 
Experiment Details 
 
Strains and growth conditions. 30 fungal strains 
belonging to Candida genus were isolated from 
different clinical specimens (urinary tract isolates, 
plague secretions, upper airway secretions, and blood 
cultures) and identified using Vitek II automatic 
system. Clinical samples were obtained from patients 
hospitalized in the National Institute for Cardiovascular 
Diseases, Prof. C.C. Iliescu of Bucharest, during 
October 2011-March 2012. The identified Candida 
strains and their clinical origin are showed in table 1. 
After identification the fungal strains were preserved as 
permanent stocks in the microbial collection of the 
Microbiology Laboratory of the Faculty of Biology, 
University of Bucharest. For further experiments 
Candida strains were plated on Sabouraud agar and 
inoculated in YPG broth.  

Table 1: Isolation sources of the tested strains 

 
Adherence to HeLa cells assay. For the adherence 
assay, Cravioto’s adapted method was applied [8], 
using HeLa cells. Briefly, the HeLa cell monolayers 

(70-80% confluence) were washed with Phosphate 
Saline Buffer (PBS) and 1 ml of fresh medium without 
antibiotics was added to each well. Suspension of 
Candida spp. in PBS from Overnight culture grown in 
LB-glucose was adjusted to a Multiplicity of infection 
(MOI) of 1:30 in each well. The inoculated plates were 
incubated for 2 hours at 37ºC. After incubation, the 
monolayers were washed 3 times with PBS, briefly 
fixed in cold methanol (5 min), and stained with 
Giemsa solution (1:10, neutral pH) for 20 min. The 
plates were washed, dried at room temperature 
overnight, and examined in optic microscopy using 
immersion oil (×2500 magnification), in order to 
evaluate the adherence index and patterns. Three 
distinct adherence patterns could be identified: 
localized adherence characterized by formation of 
microcolonies in distinct regions of the host cell 
surface; diffuse adherence, when fungi adhere evenly 
to the whole host cell surface, and aggregative 
adherence, when aggregated fungi attach to the host 
cell as well as to the inert support in a stacked-brick 
arrangement. The adherence index was expressed as 
the ratio between the number of the eukaryotic cells 
with adhered pathogens and 100 eukaryotic cells 
counted on the microscopic field using an Axiolab 
(Zeiss) microscope. 
Biofilm assay. 96-multi well plastic plates containing 
known amounts of the tested vegetal extracts in a final 
volume of 200 μl were inoculated with 50 μl microbial 
suspensions of 107 CFU/ml prepared in sterile saline 
and inoculated and incubated for 24 h at 37oC. After 
incubation the liquid containing bacteria culture was 
discarded, washed with PBS and the bacterial cells 
adhered to the plastic walls were stained by 1% crystal 
violet solution for 15 min. Stained biofilm was fixed 
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with cold methanol for 5 minutes and re-suspended 
with 33% acetic acid solution. The Abs600 of the 
suspension was measured using an ELISA reader, the 
obtained values being proportionally with the number 
of the adhered bacterial cells. 
Filamentation assay. Candida strains were cultivated 
overnight on Sabouraud medium. A 2 McFarland 

density microbial suspension obtained from a 24h 
culture was inoculated 1:1 v/v in bovine serum and 
incubated for 2h at 37°C. The fresh preparations were 
microscopically examined with 40x objective. The 
results were represented as percentages analyzing 3 
microscopic fields per sample and counting around 50 
cellular structures per microscopic field. 

 
Results and Discussions 
 
The most frequent encountered pathogen among 
Candida tested isolates proved to be C. albicans (figure 
1), with an isolation rate of 50%, while the less present 
species was C. tropicalis (7%). 

 
Figure 1: Distribution of Candida species isolates. 

The bacterial adherence to different natural (skin, 
mucosa) or artificial (catheters, implants) substrata is a 
prerequisite in the pathogenesis of microbial 
infections. Our results on Candida adherence revealed 
that all the tested strains have the capacity to adhere to 
both cellular and inert substrata (biofilm assay) in a 
time dependent manner (figure 2). 

 
Figure 2: Candida spp. adherence rates to inert polymeric 

substrata at different time intervals each point value 
represents a distinct strain. 

Each strain developed a particular rate of adherence 
after 24h, the observed pattern maintained and 
correlates with growth at 48 and 72 h for each tested 
strain. Regarding adherence to HeLa cells, Candida 
tested strains showed different adherence patterns, the 
most frequently encountered being diffuse pattern, only 

few of C.albicans tested strains revealing aggregative 
adherence patterns (figure 3).  

 
Figure 3: Optical microscopy images highlighting the 
adherence patterns on HeLa cells of some Candida tested 
strains. 1=aggregative Candida strain, non-adherent to HeLa 
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cells, 2=moderate adherent Candida strain, 3=highly adherent 
Candida strain. Giemsa staining, ×2500 magnification, 
immersion oil. 

 
Figure 4: Graphical representation of aderence indexes in 
analysed Candida strains represented in a descendent 
direction, acordingly their adderence potential.    

 
Figure 5: Distribution of soluble virulence factors patterns 
in Candida sp. tested strains the most abundantly secreted 

soluble virulence factors were amylase, lipase and iron 
chelating agents. 

According to the assay of the adherence potential to 
cellular substrata, the tested strains developed different 
adherence patterns and indexes, C.albicans strains 
being the most adherent isolates, i.e. 80 % of the tested 
strains revealing adherence indexes higher than 50%, 
while the less adherent strains were C.tropicalis, the 
calculated adherence indexes ranging from 10 to 30% 
(figure 4). The profiles of the soluble virulence factors 

have been relatively uniform among Candida species 
(differences were not statistically significant); amylase, 
lipase and iron chelating agents were the most 
abundantly secreted factors (figure 5). 

 
Figure 6: Graphical representation of filamentation ability 

in tested Candida isolates represented in a descendent 
manner. 

Another Candida spp. virulence determinant, the 
filamentation ability, has received a great interest in 
fungal dimorphism as a simple model of cellular 
morphogenesis. Virulence studies have associated the 
reduced capacity of Candida spp. to establish infection with 
a reduced ability to undergo the transition from yeasts to 
hyphae [9]. After performing this assay our tested 
strains were classified in the following: C. albicans, C. 
tropicalis, C. glabrata, C. krusei (figure 6).Our results 
demonstrate that C.albicans is the most commune and 
the most virulent species among fungal clinical 
isolates, performing very high adherence properties 
and high filamentation abilities, important phenotypes 
for the initiation of the infectious process. [9,10,11].

Conclusions 
 
Candida species are versatile microorganisms revealing 
different virulence patterns according to the taxonomic 
affiliation and their clinical source. The attainment of a 
complete set of data regarding the phenotypic 
characteristics and microbe behaviour can be vital for a 
correct diagnosis and treatment. The phenotypic 
investigation of virulence determinants in Candida spp. 

revealed that the fungal clinical strains may develop 
specific virulence profiles depending on the taxonomic 
affiliation of the tested strains, proving the usefulness 
of these assays in predicting the clinical outcome of the 
fungal infections and in the adjustment of the 
antifungal treatment. 
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The incidence of fungal infections, especially those produced by Candida species has dramatically increased over the past two to three decades, and this trend will inevitably continue into the 21st century. One of the most common fungal pathogens is Candida albicans, which is becoming the fourth leading cause of nosocomial infections [1]. Candida species are ubiquitous fungi and also true opportunistic pathogens that exploit recent medical technological advances to gain access to the circulation and deep tissues. Candida species usually reside as commensal organisms as part of an individual's normal micro-flora and can be detected in approximately 50% of the population in this form. However, if the balance of the normal flora is disrupted or the immune defenses are compromised, Candida species often become pathogenic [2]. Advances in medical technology, chemotherapeutics, cancer therapy, and organ transplantation have greatly reduced the morbidity and mortality of life-threatening disease. Patients who are critically ill and in medical and surgical intensive care units have been the prime targets for opportunistic nosocomial fungal infections, primarily due to Candida species. Even if Candida spp. infections occur with a great prevalence, our knowledge of their virulence mechanisms is incomplete and our best antifungal agents are often ineffective in treating severe candidiasis [3].The limited number of suitable and effective antifungal drugs, that often limits therapeutic options [4], the continuing increase in the incidence of Candida infections, together with increasing drug resistance, highlight the need to discover new and better agents that target fundamental biological processes and/or pathogenic determinants of C. albicans   [5,6]. As a result of great adaptability to the host, most pathogens, including Candida species, have developed an effective battery of putative virulence factors and specific strategies to assist in their ability to colonize host tissues, cause disease, and overcome host defenses [7]. The key topics in choosing new and effective antimicrobial therapies should thus rely on a good characterization of the pathogen involved and on the clinical context of the occurring infection, since pathogens may act different in dissimilar clinical situations. One of the most promising antifungal strategies is based on the identification of vulnerable virulence pathways that can be targeted with novel antifungal therapies [1, 2]. The purpose of this study was to characterize the virulence potential and to compare the virulence factors profiles of some recent different Candida clinical isolates.





Experiment Details





Strains and growth conditions. 30 fungal strains belonging to Candida genus were isolated from different clinical specimens (urinary tract isolates, plague secretions, upper airway secretions, and blood cultures) and identified using Vitek II automatic system. Clinical samples were obtained from patients hospitalized in the National Institute for Cardiovascular Diseases, Prof. C.C. Iliescu of Bucharest, during October 2011-March 2012. The identified Candida strains and their clinical origin are showed in table 1. After identification the fungal strains were preserved as permanent stocks in the microbial collection of the Microbiology Laboratory of the Faculty of Biology, University of Bucharest. For further experiments Candida strains were plated on Sabouraud agar and inoculated in YPG broth. 

Table 1: Isolation sources of the tested strains



Adherence to HeLa cells assay. For the adherence assay, Cravioto’s adapted method was applied [8], using HeLa cells. Briefly, the HeLa cell monolayers (70-80% confluence) were washed with Phosphate Saline Buffer (PBS) and 1 ml of fresh medium without antibiotics was added to each well. Suspension of Candida spp. in PBS from Overnight culture grown in LB-glucose was adjusted to a Multiplicity of infection (MOI) of 1:30 in each well. The inoculated plates were incubated for 2 hours at 37ºC. After incubation, the monolayers were washed 3 times with PBS, briefly fixed in cold methanol (5 min), and stained with Giemsa solution (1:10, neutral pH) for 20 min. The plates were washed, dried at room temperature overnight, and examined in optic microscopy using immersion oil (×2500 magnification), in order to evaluate the adherence index and patterns. Three distinct adherence patterns could be identified: localized adherence characterized by formation of microcolonies in distinct regions of the host cell surface; diffuse adherence, when fungi adhere evenly to the whole host cell surface, and aggregative adherence, when aggregated fungi attach to the host cell as well as to the inert support in a stacked-brick arrangement. The adherence index was expressed as the ratio between the number of the eukaryotic cells with adhered pathogens and 100 eukaryotic cells counted on the microscopic field using an Axiolab (Zeiss) microscope.

Biofilm assay. 96-multi well plastic plates containing known amounts of the tested vegetal extracts in a final volume of 200 μl were inoculated with 50 μl microbial suspensions of 107 CFU/ml prepared in sterile saline and inoculated and incubated for 24 h at 37oC. After incubation the liquid containing bacteria culture was discarded, washed with PBS and the bacterial cells adhered to the plastic walls were stained by 1% crystal violet solution for 15 min. Stained biofilm was fixed with cold methanol for 5 minutes and re-suspended with 33% acetic acid solution. The Abs600 of the suspension was measured using an ELISA reader, the obtained values being proportionally with the number of the adhered bacterial cells.

Filamentation assay. Candida strains were cultivated overnight on Sabouraud medium. A 2 McFarland density microbial suspension obtained from a 24h culture was inoculated 1:1 v/v in bovine serum and incubated for 2h at 37°C. The fresh preparations were microscopically examined with 40x objective. The results were represented as percentages analyzing 3 microscopic fields per sample and counting around 50 cellular structures per microscopic field.





Results and Discussions





The most frequent encountered pathogen among Candida tested isolates proved to be C. albicans (figure 1), with an isolation rate of 50%, while the less present species was C. tropicalis (7%).



Figure 1: Distribution of Candida species isolates.

The bacterial adherence to different natural (skin, mucosa) or artificial (catheters, implants) substrata is a prerequisite in the pathogenesis of microbial infections. Our results on Candida adherence revealed that all the tested strains have the capacity to adhere to both cellular and inert substrata (biofilm assay) in a time dependent manner (figure 2).



Figure 2: Candida spp. adherence rates to inert polymeric substrata at different time intervals each point value represents a distinct strain.

Each strain developed a particular rate of adherence after 24h, the observed pattern maintained and correlates with growth at 48 and 72 h for each tested strain. Regarding adherence to HeLa cells, Candida tested strains showed different adherence patterns, the most frequently encountered being diffuse pattern, only few of C.albicans tested strains revealing aggregative adherence patterns (figure 3). 
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Figure 3: Optical microscopy images highlighting the adherence patterns on HeLa cells of some Candida tested strains. 1=aggregative Candida strain, non-adherent to HeLa cells, 2=moderate adherent Candida strain, 3=highly adherent Candida strain. Giemsa staining, ×2500 magnification, immersion oil.



Figure 4: Graphical representation of aderence indexes in analysed Candida strains represented in a descendent direction, acordingly their adderence potential.   



Figure 5: Distribution of soluble virulence factors patterns in Candida sp. tested strains the most abundantly secreted soluble virulence factors were amylase, lipase and iron chelating agents.

According to the assay of the adherence potential to cellular substrata, the tested strains developed different adherence patterns and indexes, C.albicans strains being the most adherent isolates, i.e. 80 % of the tested strains revealing adherence indexes higher than 50%, while the less adherent strains were C.tropicalis, the calculated adherence indexes ranging from 10 to 30% (figure 4). The profiles of the soluble virulence factors have been relatively uniform among Candida species (differences were not statistically significant); amylase, lipase and iron chelating agents were the most abundantly secreted factors (figure 5). (
A
)



Figure 6: Graphical representation of filamentation ability in tested Candida isolates represented in a descendent manner.

Another Candida spp. virulence determinant, the filamentation ability, has received a great interest in fungal dimorphism as a simple model of cellular morphogenesis. Virulence studies have associated the reduced capacity of Candida spp. to establish infection with a reduced ability to undergo the transition from yeasts to hyphae [9]. After performing this assay our tested strains were classified in the following: C. albicans, C. tropicalis, C. glabrata, C. krusei (figure 6).Our results demonstrate that C.albicans is the most commune and the most virulent species among fungal clinical isolates, performing very high adherence properties and high filamentation abilities, important phenotypes for the initiation of the infectious process. [9,10,11].

Conclusions





Candida species are versatile microorganisms revealing different virulence patterns according to the taxonomic affiliation and their clinical source. The attainment of a complete set of data regarding the phenotypic characteristics and microbe behaviour can be vital for a correct diagnosis and treatment. The phenotypic investigation of virulence determinants in Candida spp. revealed that the fungal clinical strains may develop specific virulence profiles depending on the taxonomic affiliation of the tested strains, proving the usefulness of these assays in predicting the clinical outcome of the fungal infections and in the adjustment of the antifungal treatment.
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