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ABSTRACT: Surgical site infections (SSIs) are among major complications following surgery. 

The aim of this study was to determine the pattern of Candida species in SSIs and to evaluate their 

virulence potential in association with SSIs. Pus swabs (n=300) were collected from patients with SSIs. 

Candida species were identified by phenotypic characters. Biofilm forming ability was determined by 

visual detection method and micro titre plate assay. Candida species recovered 60 (20%) were from 

tested samples. These were identified as Candida albicans 26(44%), followed by C. glabrata 15(25%), 

C. parapsilosis 8(13%), C. krusei 7(11%) and C. tropicalis 4(7%) respectively. Biofilm forming ability 

of C. albicans was lower (46%) than other Candida non-albicans species (72%) assessed by both 

methods. This study revealed that prevalence of Candida species was high in SSIs. Most of Candida 

species were able to produce biofilms which may enhance the pathogenic potentials of these isolates. 

The rapid and accurate identification of Candida species should be adopted in routine culture to 

minimize the risk of SSIs. 
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INTRODUCTION 

 Surgical Site Infections (SSIs) are among major 

complications following surgery accounting for 

approximately one fourth of all hospital acquired 

infections (Azer el al., 2011). Patients who develop SSIs 

suffer significant morbidity and mortality leading to 

increased economic burden by extending the duration of 

hospital stay (Kirkland et al., 1999, Coello et al., 2005).  

Infections caused by fungi, particularly Candida species 

increased during the past ten years (Garbino and Adam, 

2006, Mathews and Ashbee, 2010). Some Candida 

species are found as commensal in many healthy 

individuals (Shao et al., 2007). The normal microflora of 

patients may be altered by antibacterial therapies, which 

may enhance the growth of Candida species (Jones, 

1990). Candida species can cause life-threatening 

infections in immuno compromised hosts. As the 

incidence of Candida infection is increasing, rapid and 

accurate identification of Candida isolates has become a 

vital part in the treatment of infections (Jarvis, 1995). 

Candida species is not routinely identified by many 

laboratories even though it can provide a diagnostic clue 

to the source of infection in immuno suppressed patients 

(Jones, 1990). Many phenotypic methods detect Candida 

species on the basis of colonial morphology on different 

agars, sugar assimilation and by using API strips (Del-

Castillo et al., 1997). Several virulence factors contribute 

to pathogenicity of Candida species such as adherence, 

hydrolytic enzymes production and biofilm formation 

(Silva et al., 2012). Micro-colonies, hyphae and 

pseudohyphae of yeast arrange in a complex manner 

forming biofilms (Kuhn et al., 2002 and Chandra et al., 

2001). Biofilm formation is one of the important factors 

associated with Candida infections. Biofilm can be 

detected on the surface of implanted devices (Adair et al., 

1999, Crump and Collignon, 2000).  However, direct 

evidence of Candida biofilms on epithelial surfaces is not 

clear (Douglas, 2003). The aim of this study was to 

identify Candida species isolated from SSIs by 

phenotypic methods and evaluate their virulence potential 

in order to highlight factors responsible for surgical site 

infections. 

MATERIALS AND METHODS 

Study sites and sample collection: The present study 

was carried out in the Department of Microbiology, 

University of Karachi, Karachi.  Pus samples (n=300) in 

duplicate were collected using sterile swabs from patients 

who developed any signs and symptoms associated with 

surgical site infections, admitted at three tertiary hospitals 

including Abbasi Shaheed Hospital (A.S.H), Jinnah 

Postgraduate Medical Centre (J.P.M.C) and Civil 

Hospital, Karachi All patients were informed and their 

consent was taken on a consent form prior to sample 

collection. 
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PHENOTYPIC IDENTIFICATION OF CANDIDA 

ISOLATES 

Isolation on Sabouraud's Dextrose Agar (SDA): All 

samples were cultured on Sabrouad’s Dextrose Agar 

(SDA) (Oxoid, Basingstoke, UK) with chloramphenicol 

(50 mg/L) (Hungerford et al., 1998). The plates were 

incubated at 30ºC for 48 hours.  Each culture was 

subsequently processed for phenotypic identification. 

Germ tube test: Small inoculum of Yeast cellswas 

inoculated into 0.5 mL of human serum and incubated at 

37°C for no longer than 3h. After incubation, a drop of 

suspension was placed on a clean glass slide and covered 

with a cover-slip and examined under low-power (40 X) 

magnification for the presence of germ tubes (Baker, 

1967). 

Chlamydospore Formation: For the identification of C. 

albicansa single colony of Candida was picked from the 

a pure culture medium and inoculated on a plate of 

Cornmeal agar containing 1%Tween 80 and rice agar 

containing 0.8% Tween 80 by making 3 parallel cuts 

about half an inch apart at 45 degree angle to culture 

medium then a cover slip was added and incubated at 

30°C for 2 days. After incubation the cuts into agar were 

investigated for the presence of chlamydospores 

(Kurtzman and Fell, 1998) 

Chromogenic Agar: For presumptive identification of 

Candida species, Biggy agar (Oxoid) was used. A loop of 

culture from SDA was streaked on Biggy agar and 

incubated at 30°C for 48 h. Different shades of brown 

color with and without mycelial fringes was observed to 

detect Candida species on Biggy agar. 

Carbohydrate Assimilation Test: Culturegrown in 

Yeast Peptone Dextrose (Difco) for 24 h at 30ºC was 

Subsequently centrifuged at 3000xg for 5 min. After the 3 

times of successive washes with sterile saline, the 

suspension was adjusted to 5 McFarland Standard.  

Molten sterile bacteriological agar in Falcon tubes (30 

mL) was allowed to cool to 45 to 50ºC, seeded with 1.5 

mL of Candida species suspension and 300 μL of Yeast 

Nitrogen Base (YNB, Difco), poured into plates and 

allowed to solidify. After solidified, 2% carbohydrate 

impregnated filter paper disc (glucose, maltose, lactose, 

sucrose and xylose) was placed on the surface of the agar 

and plate was incubated at 30°C for 96 h. Since all the 

species of Candida assimilate glucose, it was used as 

positive control.  Halo of growth around each disc 

indicate carbohydrate was assimilated by this specie. 

Growth at 45°C: For the differentiation of C. 

dubliniensis from C. albicans. All species which were 

positive for germ tube and chlamydospore production 

were cultured on SDA and kept at 45
º
C for 48-72 h.  

Opacity-test in Tween 80-CaCl2 Agar: Isolates which 

were indicative of C. albicans or C. dubliniensis, were 

transferred to Tween 80-CaCl2agar (pH 6.8) by sterile 

swab. The inoculated agar plates were incubated at 30°C 

and observed daily for 2- 5 days. Lypolytic activity was 

detected as the presence of a halo around the site of 

inoculation.  

DETECTION OF BIOFILM FORMATION 

Visual Detection Method: Biofilm formation was 

determined by the visual detection method (Branchini et 

al., 1994). A loop of culture from SDA plate was 

inoculated into a polystyrene tube, screw capped 

containing 10ml Sabouraud’s dextrose broth (SDB) 

supplemented with glucose (final concentration of 8%). 

The tubes were incubated at 37°C for 24 h after which the 

broth was aspirated out and tubes were washed with 

distilled water twice. The walls of the tubes were stained 

with safranin. Slime production was scored as negative 

(0), weak positive (1+), moderate positive (2+) or strong 

positive (3+). 

Microtiter Plate Method: Well-established protocols 

described by Tumbarello et al.(2007) and Ronsania et 

al.(2011) were used with some modifications to 

determine biofilm formation.  Candida species were 

grown on Sabouraud’s dextrose agar plates at 37ºC for 24 

h. Saline washed suspension of Candida isolates were 

adjusted as 3x10
7
 CFU/mL with Sabouraud’s dextrose 

broth (SDB) containing 8% glucose and incubated at 

37°C for 24 h. In each well of polystyrene microtiter 

plate, 20 µL suspension of each isolate was added and 

diluted by adding 180 µl of SDB and incubated for 24 h. 

Planktonic cells were removed by washing the wells 

twice with phosphate-buffered saline (pH 7.2) and the 

cells were then fixed in 99% methanol for 15 min. After 

evaporation of the methanol via air dry, 200 μL of 1% 

crystal violet (CV) was added to each well, followed by 

incubation for 15 min. The wells were washed three more 

times with sterile distilled water to remove excessive CV. 

1 mL of 33% acetic acid was added in each well and 

incubated for 10 min to release the incorporated CV and 

the absorbance was determined by Microplate Reader 

(Spectra Max M2) at A570. To eliminate background 

interference the readings of blank wells were subtracted 

from the readings of treated wells and arithmetical mean 

of 3 readings was used in the analysis for each strain. 

Candida species showed strong biofilm formation in 

visual detection method, used as positive control and 

sterile SDB broth was used as the negative control. 

Statistical Analysis: All Statistical analysis was 

performed using statistical packages for social science 

SPSS 19.0 software (SPSS Inc., Chicago, IL). Mean and 

standard deviation was estimated for quantitative 

observation while frequency and percentage were 

computed for categorical variables and analyzed by chi-
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square test and fisher exact test. P≤0.05 was considered 

as significant. 

RESULTS 

 A total of 300 pus samples were cultured. In 240 

(80%) samples, no growth of yeast was observed, while 

60 (20%) samples yielded yeast fungi. These strains were 

identified as C. albicans 26(44%) followed by C. 

glabrata 15(25%), C. parapsilosis 8(13%), C. krusei 

7(11%) and C. tropicalis 4(7%) respectively (Fig.1). 

 24 (40%) isolates showed as germ tube positive, 

suggestive of C. albicans and the remaining 36 (60%) 

isolates did not produce germ tube. Isolates which 

produced chlamydospores on rice and corn meal agar 

were 28 (47%) in which two were not identified as C. 

albicans by other phenotypic tests. Out of 26 C. albicans, 

24 (92.30%) were germ tube positive.  On Biggy agar, 

growth was observed in 46 (76.66%) of the 60 Candida 

isolates. Out of which 23 (50%) showed brown and dark 

brown colonies with slight mycelial fringes indicative of 

C. albicans or C. tropicalis, 4 (8.69%) species showed 

large silvery brown black rough colonies with yellow 

halo, suggestive of C. krusei. 8 (17.39%) species 

produced cream/grey light brown colonies and 11 

(23.9%) brown colonies with yellow halo on Biggy agar. 

Both results were indicative of C. parapsilosis and C. 

glabrata respectively (Fig. 2). The sensitivity of Biggy 

agar of each species is shown (Fig. 3) 

 To confirm these tests, carbohydrate 

assimilation test was used in all 60 strains. Sucrose, 

maltose and xylose were assimilated by both C. albicans 

and C. tropicalis whereas C. krusei did not assimilated 

any carbohydrate tested except glucose which was used 

as a positive control (Table 1).The results obtained using 

growth at 45ºC test showed that all the C. albicans strains 

gave positive results. For the differentiation of strains of 

C. albicans from the strains of C. dubliniensis, Tween 80 

agar test was performed on all the 26 suggested strains of 

C. albicans. The opacity halo indicated that all the tested 

strains were C. albicans. 

 
Fig- 1: Showing Pattern of Candida Species Isolated from Surgical Site Infections 

 

 
Fig- 2: Showing different colony colors of Candida species on BIGGY agar 
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Fig- 3: Percentage of Candida Species Identification on Biggy Agar 

 

Table-1: Identification of Candida Species by Phenotypic Methods 

 

Candida spp. GT Chlamydospores 

formation 

Growth at 

45°C 

Tween 80 

agar test 

Carbohydrate assimilation test 

Glu Suc Mal Lac Xy 

C. albicans + + + + + + + - + 

C. krusei - - N/A N/A + - - - - 

C. prapsilosis - - N/A N/A + + + - + 

C.tropicalis - - N/A N/A + + + - + 

C. glabrata - - N/A N/A + - + - - 

GT = Germ Tube Test, Glu = Glucose, Suc = Sucrose, Mal =Maltose, Lac =Lactose,  Xy = Xylose , 

 + = Positive, - = Negative, N/A = Not applied 

 

 Biofilm forming ability of Candida species was 

checked by visual detection and microtitre plate method. 

Out of 60 tested isolates 36(60%) showed biofilm 

production, and fewer C. albicans isolates produced 

biofilm (46%) than all other Candida non-albicans 

species (72%) assessed by both methods. Biofilm 

production by both the visual detection method and 

microtitre plate method detected was similar. Specie C. 

tropicalis 4 of 4 (100%) produced the highest level of 

biofilm. C. albicans was the lowest biofilm producer 

(50%), as determined by the visual detection method 

while strain C. glabrata was the lowest (60%) by the 

microtitre plate method (Table 2). 

Table-2: Biofilim formation of Candida species 

 

Isolates Biofilm 

production*  

Biofilm production** 

+++ ++ + 0 

C. albicans(n=26)  11(42) 4 4 5 13 

C. Krusei(n=7) 6 (85) 3 2 1 1 

C. prapsilosis(n=8) 6 (75) 4 1 1 2 

C.tropicalis(n=4) 4 (100) 4 0 0 0 

C. glabrata (n=15) 9 (60) 2 3 2 8 
+++_ Strong; ++_ Moderate; +_ Weak; 0_no biofilm production; * biofilm formation is checked by microtiter plate method; 

**_biofilm formation is checked by visual detection method; numbers in parenthesis are percentages  
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DISCUSSION 

 Surgical site infections are major complications 

following surgery (Azer el al., 2011). Candida species, 

commensal of healthy individuals can cause life-

threatening infections in immuno compromised hosts 

(Jarvis, 1995). In the present study Candida species 

accounted for 20% of the isolates which is a very high as 

compared to a study conducted in Nigeria (Isibor et al., 

2008) where 9.3% incidence of Candida observed in 

SSIs. Wroblewska et al. (2002)worked on 851 strains of 

C. albicans isolates from patients in internal medicine 

wards, surgical wards and surgical intensive care units 

and reported that C. albicans isolation rate was higher 

(55.5%) from patients in surgical wards as compared to 

that from patients in internal medicine wards (44.5%). 

This significant proportion of C. albicans isolates from 

surgical ward showed the growing importance of fungi in 

postoperative wound infections and was an alarming bell 

for health care providers. In the present study, C. albicans 

followed by C. glabrata were the most commonly 

isolated Candida species. These findings of the present 

study are similar to the findings of Li and An (2010) in 

patients of surgical intensive care units. To reduce 

morbidity and mortality in patients with SSIs, accurate 

identification of Candida isolates is needed. In the 

present workgerm-tube production was observed in 24/60 

(40%) of Candida spp. and the remaining strains 36 

(60%) failed to produce germ-tube, being identified as 

non-Candidaalbicans. These findings are in accordance 

with the findings of Alhussaini et al.(2013) where they 

found germ-tube production in 54% of Candida strains. 

Out of 26 C. albicans 24 (92.30 %) were germ-tube 

positive which is much similar to findings of Kangogo et 

al.(2011) who found 96.1% positivity of germ-tube 

formation in C. albicans. On the other hand, a surprising 

result was obtained, where 36 strains failed to produce 

germ-tube and out of these, 2 were positive for 

chlamydospores coupled with results of carbohydrate 

assimilation and chromogenic agar, these were identified 

as C. albicans.  In the present study it was observed that 

all the C. albicans were found to be positive for 

chlamydospores and showed a distinct growth at 45ºC 

temperature. Similar findings were also reported by 

Kangogo et al. (2011). The Biggy agar is used for 

presumptive identification of yeasts. Most of the Candida 

spp. produced brown or dark brown colonies on Biggy 

agar and subsequently identified as C. albican and C. 

tropicalis. Due to the production of quite similar colors it 

was hard to differentiate the two species without other 

supporting tests of identification. C. krusei showed large 

rough silvery brown colonies surrounded with yellow 

halo and C. parapsilosis produced cream/grey light 

brown colonies, and both species were easily identified 

on this typical appearance. The same results were also 

reported by Yücesoy and Marol (2003). In comparison, 

after 48h of incubation C. glabrata showed very weak 

growth on Biggy agar. These findings suggest other 

identification procedures should be coupled with Biggy 

agar for accurate species identification. Odds and 

Bernaerts (1994) stated the same that Biggy agar alone 

could not provide sufficient information required for 

correct identification of Candida species. The pattern of 

carbohydrate assimilation is an important tests for 

identification of Candida spp. as of clinical interest (Zaini 

et al., 2006). Result inTable-1 are in accordance with the 

study conducted in India by Manjunath et al.(2012) 

where, they found the same pattern of carbohydrate 

assimilation by Candida species. Biofilm formation isa 

major virulence factor which may contribute to enhance 

the pathogenicity of Candida spp. (Ozkan et al., 2005).  

In our study the biofilm forming ability was detected in 

60% of Candida spp. these findings are quite similar with 

Kumar and Sharma (2013) where they found biofilm 

production in 68% of Candida species. In the present 

finding biofilm production was less frequent in C. 

albicans as compared to Candida non-albicans species. 

Similar findings were reported by other investigators 

(Shin et al., 2002) that C. tropicalis and C. parapsilosis 

are two of the Candida non-albicans species which 

formed strong biofilms in SDB medium supplemented 

with 8% glucose. In our study the highest biofilm 

positivity (100%) was found in C. tropicalis while low 

biofilm production was observed in C. albicans 

(42%).Similar results were observed by Kumar et 

al.(2011)who found C. tropicalis being the highest 

biofilm producer by visual detection method. Other 

researcher (Tumbarello et al., 2007) not only found the 

same species as high biofilm producer by microtitre plate 

method but their results were also concordant with our 

results as for lowest biofilm producers.  

Conclusion: This study revealed that Candida species 

isolates from surgical site infections have the property of 

biofilm production which may enhance the pathogenic 

potentials of these isolates. The rapid and accurate 

identification of Candida species should be adopted in 

routine culture to reduce the morbidity and mortality 

associated with surgical site infections. 
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