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Analysis of selected pathogenicity indices in Candida spp.  

isolated from surgical patients. 

 

Introduction 

Candida genus includes more than 150 fungal species present in abiotic environment, foods, and 

constituting natural microflora of animals and humans. Candida spp. colonize gastrointestinal tract, 

female genital tract and skin. The list  

of species that may be pathogenic to humans includes inter alia C. albicans, C. glabrata,  

C. krusei, C. parapsilosis, C. tropicalis and C. kefyr. Pathogenicity of Candida spp. is associated with 

their morphological and antigenic variance, adhesive properties and enzymatic activity. Both 

colonization and deep invasion of host’s tissues are possible due to the ability of microorganisms to 

communicate and to coordinate their behavior at a population level via specialized molecules, 

autoinductors. This phenomenon is referred to as quorum sensing (QS). Candida spp. synthesize 

farnesol and tyrosol, alcohols that act as QS molecules. 

Candida spp. can be considered both as pathogens causing non-severe albeit persistent superficial 

mycoses, but also as opportunistic microorganisms that colonize mucosal membranes and under 

favorable conditions may become etiological factor  

of deep infections and candidemia. Risk factors for invasive fungal infections include administration 

of broad spectrum antibiotics, chemotherapy, use of central catheters and urinary catheters, 

mechanical ventilation, surgical procedures, especially abdominal surgeries, parenteral nutrition, 

neutropenia, immunosuppression, previous colonization with Candida spp., extreme age and 

diabetes mellitus. Candida spp. are an important etiological factor for nosocomial bloodstream 

infections, pneumonia and urinary tract infections, but rarely play  

a role in the etiology of a surgical site infection. Although C. albicans still remains a principal 

etiological factor of fungal infections, implementation of antifungal agents was reflected by  

a gradual decrease in its role in favor of non-albicans species, in particular C. glabrata. 

Culture with subsequent identification and determination of drug susceptibility  

of isolated strains still remains the gold standard in diagnostics of invasive mycoses and candidemia. 

Other, adjunct methods include direct microscopic examination  

of collected material, serological and molecular testing. Due to difficulties in culture and slow growth 

rate of Candida spp., treatment of invasive fungal infections is mostly empirical. Despite availability 

of international guidelines regarding empirical therapy, the treatment plan should be always 

adjusted for local drug susceptibility patterns. Although fluconazole is still a treatment of choice in 
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candidiasis, also drugs from other classes are considered, owing emerging resistance of C. albicans 

and other species to fluconazole, as well as due to natural resistance of C. glabrata and C. krusei to 

this agent. 

Objective 

The aim of this study was to analyze a spectrum of parameters determining pathogenicity of Candida 

spp. colonizing mucosal membranes of patients at increased risk of fungal infection. 

Material and methods 

The study included 45 patients from the Clinic of General and Transplant Surgery and Nutrition 

Therapy, Independent Public Clinical Hospital No. 4 in Lublin. All the study subjects belonged to high 

risk group of fungal infection. Examined material included nasal, oral and anal swabs. Swabs from 

surgical drains and wounds were additionally collected from some patients. The patients were 

swabbed repeatedly, once per each week of hospital stay.  

Collected material was cultured onto Sabouraud agar with chloramphenicol and gentamycin, as well 

as onto Candida chromogenic medium. The isolates were identified on the basis  

of their growth on the chromogenic medium. In the case of any doubts or ambiguities, identity of a 

given isolate was additionally verified with API 32C test. Quantitative analysis was based on the 

number of colonies growing on Sabouraud agar. 

Based on the result of culture, the values of Candida colonization index (CI) and corrected 

colonization index (CCI) were calculated. CI is a ratio of culture-positive samples to all samples 

collected from a given patient. CCI is obtained by multiplying CI by a ratio  

of samples with abundant growth to all culture-positive samples. 

Fungal isolates were tested for their virulence factors. Filamentation test was conducted, and the 

activity of 19 enzymes: alkaline phosphatase, esterase, lipase/esterase, lipase, leucin arylamidase, 

valine arylamidase, cystine arylamidase, trypsin, α-chymotrypsin, acidic phosphatase, naphthol-AS-BI 

phosphohydrolase, α-galactosidase, β-galactosidase,  

β-glucuronidase, α-glucosidase, β- glucosidase N-acetyl-β-glucosaminidase, α-mannosidase and α-

fucosidase was determined. Adhesive properties of isolated strains were assessed during a 

microplate test with crystalline violet.  

Subsequently, the isolates were tested for their ability to synthesize tyrosol and farnesol. First, 

tyrosol and farnesol levels were determined in liquid cultures of five various species  

(C. albicans, C. glabrata, C. tropicalis, C. krusei i C. kefyr). The strains were precultured  

on Sabouraud agar, and then transferred to liquid Sabouraud medium. Each strain was cultured in 

four variants with two different baseline concentrations of Candida cells (6.4 x 106 CFU/ml or 9.6 x 

106 CFU/ml) and two different incubation times (24 h or 72 h). After incubation, concentrations of 
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cultured cells were determined. Preparation of samples for chromatographic analysis included 

centrifugation, extraction with ethyl acetate, dehydration, draining on a cellulose filter, drying by 

evaporation and suspending in methanol. During the second stage, concentrations of tyrosol and 

farnesol were determined in cultures of 10  

C. albicans strains. 

Then, susceptibility of 73 isolates: C. albicans (n=45), C. glabrate (n=16),  

C. kefyr (n=5), C. krusei (n=3), C. tropicalis (n=2), C. lipolytica (n=1) and  

C. norvegensis (n=1) to flucytosine, amphotericin B, fluconazole, itraconazole and voriconazole was 

determined with ATB FUNGUS 3 test. The test has been conducted and interpreted in line with its 

manufacturer’s instructions. 

Results 

1. Culture and colonization indices 

A total of 134 samples (30%) were culture-positive. The most commonly isolated species was C. 

albicans (94 cultures, 70% of culture-positive samples), followed by C. glabrata (n=33, 25%), C. kefyr 

(n=12, 9%), C. tropicalis (n=4, 3%), C. krusei (n=4, 3%), C. norvegensis (n=2, 2%) and C. lipolytica (n=1, 

1%). Candida spp. were isolated at least once from 32 patients, which corresponded to 82% of the 

study subjects. In 20 patients (44%), the only isolated species was C. albicans, and 3 subjects (7%) 

carried only one non-albicans isolate. Other  

14 patients (31%) tested positively for more than one fungal species. 

CI values for 37 culture-positive patients ranged between 0 and 1, and CCI between 0 and 0.67. No 

colonization with Candida spp. was found in 8 patients. CIs >0.5 and CCI >0.4 are considered high 

values corresponding to increased risk for invasive candidiasis  

or candidemia. Based on their CI and CCI values, the study subjects were divided into three groups: 

1. with low CI and CCI values for each sampling (n=19, 42%) 

2. with moderate values, i.e. CI > 0.5 and CCI ≤ 0.4 for one sampling, and with CI ≤ 0.5 and CCI ≤ 0.4 

for all other samplings (n=9, 20%) 

3. with high values, i.e. CI > 0.5 and CCI > 0.4 for at least one sampling (n=9, 20%). 

The higher the CI and CCI values, the more often more than one species was isolated from  

a given patient. Patients who received parenteral nutrition presented with significantly higher CI and 

CCI values. 

 

4. Pathogenicity indices 
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Filamentation test was conducted on 54 isolates, including 29 C. albicans strains. All examined strains 

of C. albicans showed similar filamentation ability, with pseudofilaments found in 97% cells on 

average. C. tropicalis strains were the only non-albicans species with  

a small proportion of cells (2% and 4%, respectively) showing a filamentation ability.  

The result of filamentation test for other strains was negative. 

A total of 50 examined isolates showed the activity of 8 enzymes: esterase, lipase/esterase, leucine 

arylamidase, acidic phosphatase, naphthol-AS-BI phosphohydrolase, β-galactosidase, α-glucosidase 

and N-acetyl-β-glucosaminidase. The activity of acidic phosphatase was detected significantly more 

often in non-albicans strains (p=0.0007), whereas C. albicans strains significantly more often showed 

the activity of N-acetyl-β-glucosaminidase (p=0.04087). The strains testing positively for esterase 

significantly less often showed the activity of lipase/esterase (p=0.00427). No statistically significant 

strain-specific differences were found for other tested enzymes. 

Most of C. albicans strains from the subset of 31 Candida spp. isolates showed moderate adhesive 

properties, and the majority of C. glabrata strains did not show them at all. Also all C. krusei, C. kefyr 

and C. norvegensis isolates lacked adhesive properties. The adhesive properties of C. tropicalis and C. 

lipolytica strains were moderate and strong, respectively. The adhesive properties of C. albicans 

strains turned out to be significantly stronger than in the case of non-albicans isolates (p=0.05). 

Tyrosol was detected in C. albicans, C. glabrata, C. tropicalis and C. krusei cultures, and farnesol in C. 

albicans cultures and in a single variant of C. kefyr culture. Upon identification of optimal culture 

conditions, concentrations of tyrosol and farnesol were determined in liquid cultures of 10 C. 

albicans strains. No statistically significant associations were found between tyrosol and farnesol 

concentrations. However, a strong inverse correlation was observed between the level of tyrosol and 

final concentration of fungal cells per culture. 

5. Drug susceptibility 

All examined strains were susceptible to amphotericin B. A total of 70 (96%) strains showed high 

sensitivity to flucytosine, and other 3 (4%) were moderately susceptible to this antibiotic. Regarding 

susceptibility to azoles, resistance to fluconazole was found in 8 (11%) strains and moderate 

sensitivity in 17 (23%); 12 (16%) strains were resistant and 15 (21%) moderately susceptible to 

itraconazole; the numbers of strains resistant and moderately susceptible  

to voriconazole were 3 (4%) and 2 (3%), respectively. Sensitivity to flucytosine was observed in the 

case of all examined strains, except from C. krusei isolates. 

Conclusions 

1. Colonization rates of Candida spp. in patients after abdominal surgeries are high, up to 82%. This 

value is similar as in other groups of inpatients hospitalized at Intensive Therapy Units. 
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2. The most commonly isolated species in the examined group was C. albicans, followed by C. 

glabrata, C. kefyr, C. tropicalis, C. krusei and other non-albicans strains. Similar distribution of 

species is also typical for invasive candidiasis and candidemia. Monitoring of fungal species that 

colonize asymptomatic patients may facilitate the selection of empirical therapy in the case of an 

invasive infection, prior to identification of the etiological factor. 

3. Colonization index (CI) and corrected colonization index (CCI) are useful instruments in monitoring 

of patients and identification of risk groups for invasive candidiasis. The indices based on a 

cumulative growth of Candida spp. seem to be more accurate, owing relatively frequent 

colonization of patients with more than one fungal species. 

4. Candida spp. have enzymes with lipase and proteinase activity. C. albicans strains demonstrate 

stronger adhesive properties than C. non-albicans strains. Filamentation test with humen serum is 

not suitable as a measure of virulence in Candida spp. strains. 

5. A new HPLC protocol for simultaneous determination of tyrosol and farnesol has been developed. 

Understanding of an exact mechanism of quorum sensing may contribute to development of 

novel strategies for prevention and treatment of mycoses caused by Candida spp.  

6. Candida spp. show emerging resistance to antifungal agents from azole class (fluconazole and 

itraconazole). A decrease in the susceptibility of C. albicans strains to azoles and a growing 

proportion of non-albicans strains isolated from both colonized and infected patients hinder 

effective empirical treatment of invasive candidiasis. 


