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ABSTRACT 

It is becoming progressively more understandable that during the last few decades, 

development in modern health facilities has resulted in an increase in the incidence of 

fungal infections, globally. The leading cause of these fungal infections is the Candida 

species which is part of normal flora of 80% of the healthy individuals. Candidiasis 

(infections caused by Candida) has become a serious health problem owing to its high rate 

of morbidity and mortality. In Pakistan, despite of its high mortality and morbidity rate, 

little attention is devoted towards its study and control because of the limited lab resources. 

The present study was designed to investigate the prevalence, antifungal susceptibility and 

biofilm characterization of the Candida species. For this purpose, clinical isolates of 

Candida species were collected from 8 wards of 2 tertiary care hospitals during the period 

January 2011 to December 2012. The isolate(s) were identified on the basis of colony 

morphology, gram staining, germ tube test, growth on chromagar and corn meal agar and 

sugar assimilation profile. The antifungal susceptibility tests were done by disc diffusion 

and broth microdilution tests and results were interpreted by CLSI-criteria. Biofilms were 

formed on serum treated silicone elastomer discs and characterized by dry weight 

determination and XTT (2,3-Bis-(2-Methoxy-4-Nitro-5-sulfophenyl)-2H-Tetrazolium-5-

Carboxanilide) assay. The morphology of the biofilms was studied by fluorescence and 

confocal scanning laser microscopy. The antifungal susceptibility test of Candida biofilms 

was done by microtitre plate method by using XTT assay. We isolated 456 clinical isolates 

of Candida from various types of specimen. The germ tube test differentiated Candida 

albicans from non-albicans Candida with 98.4% sensitivity and 96.2 % specificity, 

respectively. On the basis of Chromagar and API (analytical profile index) test results, all 

the isolates were characterized into five species of Candida i.e., Candida albicans, 

Candida tropicalis, Candida glabrata, Candida kruseii and Candida parapsilosis. Candida 

infection was more common in females (63.4%) as compared to male patients (36.6%). 

Candida was most abundantly isolated from urine (35.5%), followed by high vaginal swabs 

(29%), sputum (11.4 %), pus (7.7 %), Central Venous Catheters (CVC) (9.4 %), wounds 

(4%), body fluids (2.2%), ear swab (0.4%), stool samples (0.4%), nasal swab (0.2%), nail 

clippings (0.2%). The maximum number of samples was obtained from the group of 21-40 

years patients. Half of the isolated samples were received from the Medical Unit (33%) 

and Gynecology Ward (28%). Candida species were isolated from Medical Intensive Care 



 
 

 Page x 

Unit (15%), Surgical Unit (7%), Pediatric Ward (6%), Outdoor Patient Department (6%), 

Urology Ward (3%) and Burn Unit (2%). It was seen that Candida albicans [56.1% 

(n=256)] was dominant over the non-albican species of Candida [43.9% (n=200)]. The 

most common species after Candida albicans was C. tropicalis (26.5%), followed by 

Candida glabrata (11.6%), Candida kruseii (3.7%), and Candida parapsilosis (2%). About 

91% (n=413) of the Candida species were susceptible to all the 04 antifungals drugs tested 

against them. Their susceptibility against amphotericin, fluconazole, voriconazole and 

caspofungin was 99.6%, 92.5%, 98.1%, 96.7%, respectively. The resistance to antifungal 

drugs was significantly more common in non-albicans Candida [18.5% (37/200)] as 

compared to Candida albicans [2.3% (6/256)]. Candida albicans was the most susceptible 

species with only 2.3% resistance followed by C. tropicalis (2.7%), C. parapsilosis 

(11.1%), C. glabrata (20.8%) and C. kruseii (100%). The comparison of both antifungal 

susceptibility testing methods showed that highest agreement between the methods was 

found for caspofungin (97.8%) followed by amphotericin (96.4%), voriconazole (93.6 %) 

and then fluconazole (91.2%). Cross-resistance against fluconazole and voriconazole was 

also seen in almost every specie of Candida. It was found that Candida species formed 

highly resistant biofilms. Candida albicans was found to be the more biofilm producer 

with higher XTT activities and D followed by C. parapsilosis, C. tropicalis and C. 

glabrata. Candida glabrata had lesser ability to form biofilm as compared to other species. 

It was seen that the Candida strains isolated from CVC and HVS produce more biofilms 

as compared to the strains isolated from urine. However, all of these biofilms exhibited 

very high resistance to fluconazole. Caspofungin was found to be effective against the 

biofilms formed by Candida species. In contrast, caspofungin demonstrated low MIC 

values, showing activity against the biofilms. However, some strains of Candida glabrata 

exhibited high MIC against caspofungin in planktonic form and likewise exhibited 

increased resistance in biofilm form.  

There is a need that such studies should be conducted from time to time so as to monitor 

the trends of resistance against antifungal agents. This study should be extended to other 

hospitals comprising a large sample size and more antifungal agents should be tested 

against Candida species. The results confirmed high drug resistance in Candida biofilm 

that paves way for studies of other pathogenic factors such as protrease and phospholipase 

along with their relationship to the biofilm formation. It would be of immense value to 
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establish candidiasis surveillance program in order to monitor changes in incidence and 

resistance rate. 
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INTRODUCTION 

1.1 General Introduction 

During the last three decades the extravagant advances in modern therapeutic technologies 

has not only prolonged the life of critically ill patients but also has led to an enormous 

increase of fungal infections (Lass-Flörl, 2009). This recent upsurge in fungal infections 

has resulted in high morbidity and mortality rate in the infected patients (Sardi et al., 2013a; 

Paramythiotou et al., 2014). These infections not only prolong hospital stays but also 

increase financial burden on the patient (Sardi et al., 2013b; Ásmundsdóttir et al., 2012). 

It has been estimated that there are 661,000 fungal species present on the face of this earth 

and among which 600 are pathogenic causing about 15% of all health care infections 

(Bouza et al., 2008; Mora et al., 2011; Brown et al., 2012). Almost 70% of all fungal 

infections in the hospital environment are due to yeast of genus Candida (Azie et al., 2012). 

Candida species, the most frequent fungal pathogen, is the 6th most commonly isolated 

nosocomial microbe, especially from urinary tract. It is also the 4th most leading pathogen 

in hospital environment (8%) with a high mortality rate of about 29% (Hoepelman, 2004; 

Manolakaki et al., 2010). 

 

Candida is ubiquitous yeast residing on the skin and mucosal lining of gastrointestinal and 

urogenital tract of the human body (Pfaller and Diekema, 2007, Howell et al., 2011; Miceli 

et al., 2011). It exists predominantly in the unicellular form exhibiting thin walled ovoid 

cells (blastospores) that reproduce by budding (Hoepelman, 2004). More than 150 species 

are included in the genus Candida but fortunately among these only 17 species are 

pathogenic for humans because 65% of the Candida species are unable to survive at human 

body temperature (Odds, 1988; Calderone, 2002; Pfaller et al., 2004). Internationally, 

Candida albicans is the most common species of Candida; however non-albican Candida 

species are also significantly recovered from hospitalized patients. Among non-albican 

species of Candida, Candida tropicalis, Candida glabrata, Candida parapsilosis, and 

Candida krusei are more prominent. Infrequent  species include C. lusitaniae, C. 

dubliniensis, C. guilliermondii and, C. kefyr, C. famata, C. inconspicua, C. rugosa, and C. 

norvegensis (Pfaller et al., 2010). And the list of the pathogenic Candida species is 
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continuously growing regardless of improved antifungal treatments (Borman et al., 2008; 

Chaves et al., 2013). 

 

About 96% of the neonates of one-month age and 70% of adult healthy individuals have 

Candida species in their gut. Candida spp. are commensals causing no harm to healthy 

individuals (Hube, 2004; Netea et al., 2008). It is seen that generally people have only one 

specie of Candida in different body sites for a long duration of time. On the other hand, in 

hospitalized patients multiple species can occur simultaneously (Klotz et al., 2007). The 

exceptional adaptableness of Candida species to various ecological sites makes it able to 

withstand the structural and functional pressures exerted by the host (Vidigal and 

Svidzinski, 2009). Any superficial or systemic form of Candida infection is only dependent 

on the underlying condition of host making these pathogens absolutely opportunistic 

(Pappas et al., 2009). Any change in the endogenous microflora or any breach in 

anatomical barriers as a result of prolonged antibiotic therapy, any invasive procedure, 

acute renal failure, bone marrow replacement, unnecessary use of invasive devices (e.g. 

catheters), parenteral nutrition, diet with high glucose content or oral contraceptives 

transforms these friendly bugs to life threatening opportunistic pathogens (Poikonen et al., 

2010; Ortega et al., 2011; Akah et al., 2010). Hence, Candida infections mostly have an 

endogenous source but infection may arise exogenously by the hands of health care 

personnel and contaminated medical devices (Colombo and Guimarães, 2003). 

 

Candida species can cause mild superficial and mucosal infections, termed as thrush to 

severe systemic infection in which can infect different organs of the human body (Miceli 

et al., 2011). Mild Candida infection normally affects mouth, esophagus, skin layers, nails 

and genital organs which can transform into chronic infection especially in case of 

immune-compromised patients (Thevissen, 2005). Superficial forms of candidiasis include 

oral thrush, onchomycosis and vulvovaginitis. Oral thrush is common in neonates and HIV 

patients (Greenberg  et al., 2008; Hamza  et al., 2008). VulvoVaginal Candidiasis (VVC) 

infects 75% of the women once in the whole life time (Faraji et al.,  2010). Systemic or 

invasive candidiasis spread to internal organs (Talaro and Talaro, 1996). Among systemic 

http://jmm.sgmjournals.org/content/62/Pt_1/10.full#ref-70
http://jmm.sgmjournals.org/content/62/Pt_1/10.full#ref-163
http://jmm.sgmjournals.org/content/62/Pt_1/10.full#ref-163


Chapter 1                                                                                                                       Introduction 
 

 Page 3 
 

candidiasis blood stream infection is most noticeable as 8-15% of entire bloodstream 

infections are due to Candida species (Wisplinghoff  et al., 2004).  

 

It is seen that in majority of tertiary care centers, more than 10% of infections in intensive 

care units are caused by Candida species (Alberti et al., 2002; Eggimann et al., 2008). But 

this rate is undervalued because of the fact that post mortem inspection of the patients dying 

in Intensive Care Unit (ICU) discloses an undiagnosed and unexpected fungal infection 

(Dimopoulous, 2004). Most of infections in ICU are blood stream infections, catheter 

related infections, lower abdominal and urinary tract infections (UTI) [(Demopoulos et al.,  

2007)]. Prolonged stay in ICU increases the chances of candidiasis (Wisplinghoff   et al., 

2004). Similarly Candida species is frequently isolated from patients undergone surgery as 

these patients are exposed to large number of risk factors for developing Candidiasis 

(Gomez et al., 2009). It is also a common pathogen recovered from burn patients but with 

a very high mortality rate up to 90% which is almost three times higher than that of medical 

and surgical ICUs (Cochran et al., 2002). In general hospitalized patients, candiduria 

(Candida presence in urine) is reported a frequent finding. A number of studies stated that 

10-15% of all UTI are due to Candida species (Kaufmann, 2005). 

 

1.2 Global Status of Candidiasis: 

In USA a national surveillance study reported that 80% of the fungal infections caused in 

hospital are due to Candida species (Trick, 2002). In northern USA and Europe Candida 

albican is more frequent species while Candida glabrata dominates in the non-albican 

species of Candida (Falagas et al., 2010; Guinea, 2014). C. parapsilosis is 3-fold more 

frequently recovered Candida species in North America as compared to Europe (Pfaller et 

al., 2010). Surveillance studies in Brazil also showed the dominance Candida albicans 

while Candida tropicalis is major specie among Non-albican Candida (NAC) [(Furlaneto  

et al., 2011; Guinea, 2014)]. In Asia pacific region Candida tropicalis is more commonly 

isolated species (Pfaller et al., 2010). In our neighboring countries like India Candida 

tropicalis is most prominent isolated species (Kaur  et al.,  2014; Pahwa et al.,  2014). In 

Pakistan, it is difficult to understand the true incidence of candidiasis because of lack of 

the data relating to clinical information. Few studies reported that Candida albicans is more 
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common specie (Khan and Baqai, 2010; Ariff et al., 2011) while others, studying systemic 

candidiasis, reported that Candida tropicalis is more frequent (Naz and Tariq, 2004; 

Farooqi ., 2012; 2013). But these studies are very few to make any conclusive statement 

about dominance of any specific Candida species in Pakistan. 

 

1.3 Treatment of Candidiasis 

The similarity of the yeast cell structures with that of human cells limits the choice of 

antifungal drugs (Talaro and Talaro, 1996). Due to this reason the antifungal drug 

development lags behind then that of antibacterial development (Saviuc, et al., 2013). 

Thus, treatment of critical Candida infections become challenging because of limited 

number of antifungal agents (Cannon et al., 2009). Delay in the initiation of antifungal 

therapy increases the chances of mortality (Morell et al., 2005; Garey, 2006). Most 

common groups of antifungal drugs include Polyenes, Azoles and Echinocandins (Walker 

et al., 2013). Polyenes include nystatin and amphotericin B (Odds et al.,  2003). Since 

1950, amphotericin B had been considered as a standard antifungal agent, but mostly it is 

not tolerated and results in infusion-related acute reactions and kidney problems (Ostrosky-

Zeichner et al., 2003). The alternative treatment involves substituting amphotericin B with 

azoles, mainly fluconazole and itraconazole (Kelly et al., 1997). Since the discovery of 

fluconazole it is widely used for therapy as well as for prophylactic purposes. According 

to some investigators, the use of fluconazole for prophylactic purposes exerted somehow 

selective pressure over Candida species that caused substantial changes in the 

epidemiology (Tumbarello et al., 2008; Zilberberg et al., 2014). These changes resulted in 

an increase of antifungal resistance and a sudden rise in the number of more virulent species 

that are innately resistant to fluconazole i.e., Candida kruseii or show low susceptibility to 

fluconazole i.e., Candida glabrata (Chander, 2009; Eksi  et al., 2013). Also the fungistatic 

effect of fluconazole is also attributed to the development of resistance (Marchetti et al.,  

2000). Echinocandins, the latest group of antifungals, show good antifungal activity against 

all species of Candida (Kebudi, 2007). Caspofungin, the first approved echinocandin in 

2000, is found active against the fluconazole resistant species (Pfaller and Dickemia, 2007; 

Pfaller et al., 2006). The antifungal activity of caspofungin is comparable to that of 

amphotericin B (Denning, 2003).  Resistance seen against caspofungin in some species of 
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Candida is an alarming situation (Laverdiere et al., 2006). Selection of antifungal agent 

significantly depends upon identification of Candida species, nevertheless antifungal 

susceptibility tests plays progressively more important role to decide about the proper anti-

fungal drug (Hospenthal et al., 2004). The increasing resistance against antifungal drugs 

emphasizes  more than ever the clinical significance of in vitro antifungal susceptibility 

testing as each specie of Candida has different antifungal susceptibility pattern (Eksi et al., 

2013; CLSI, 2008). 

 

1.4 Biofilm Production: 

Another main reason for resistance of Candida species is the biofilm production. Biofilms 

are the heterogenous communities of microbes living together in a self-secreted exo-

polymeric matrix (Donlan and Costerton, 2002). Biofilms show extreme resistance to 

antimicrobials (Donlan, 2000). The amount spend on the biofilm related infection is 

unofficially  estimated to be US$ 94 billion per year with on with more than half a million 

mortalities (Wolcott et al., 2010). Candida species have an enhanced ability to form 

biofilm, and these biofilms are well-structured communities of microbes exhibiting hyphal 

and pseudohyphal forms living together in a self-secreted exo-polymeric matrix attached 

to any biotic or abiotic surface (Chandra et al., 2001b; Dongari-Bagtzoglou et al., 2009). 

The association of organisms in biofilms is a form of protection for their development, 

encouraging symbiotic relationships and allowing survival in hostile environments (Davey 

and O’ toole, 2000). 

   Candida species are able to form biofilm on any biotic or abiotic surface (Mathe´ and 

Dijck, 2013). These biofilms are source of recurrent infections as they overtake the immune 

responses and are resistant to most of the available antifungals (Mathe´ and Dijck, 2013). 

The infections due to Candida biofilms infections are very problematic to treat, also 

sometimes the only way to eradicate them is the removal of implanted device which in 

critical cases is impossible (Mermel et al., 2009).  Although Candida albicans is 

recognized as a major biofilm producer but other non-albican species i.e., Candida 

tropicalis, Candida glabrata and Candida parapsilosis have also enhanced ability to 

produce biofilms causing 50% more mortality in hospital environment as compared to the 

non-biofilm formers (Silva et  al., 2011). 
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The clinical studies draw attention to the significance of biofilm formation both in 

superficial and systemic candidiasis (Chandra et al., 2001a,b). Candida can form biofilm 

on the implanted devices and also on the mucosa of mouth and vagina (LaFleur, 2011). 

The exceptionally high resistance of the Candida biofilms is not completely understood 

(Ramage et al., 2005; Talpaert et al., 2015). The most accepted mechanism is penetration 

barrier by which extra cellular matrix formed during the biofilm formation prevents the 

diffusion of the antifungal drugs deep into the layers of biofilms (Mathe´ and Dijck, 2013). 

Azoles show complete resistance to biofilms (LaFleur, 2011).  This resistance is upto  250 

to 400 times that of planktonic Candida (Ramage et al., 2001; Chandra et al., 2001a). In 

vivo, Candida biofilms also display augmented fluconazole resistance as about 128 times 

higher than that of planktonic form of Candida (Andes et al., 2004). Currently, 

Amphotericin B in its lipid formulations and echinocandins are (Kuhn et al., 2002a; 

Ramage et al., 2001; 2013). But still eradication of Candida biofilm infections even with 

these antifungals is very difficult (Montejo, 2011).  

 

Thus, each geographical region of the world has its specific epidemiology of Candida 

infections so it becomes necessary to recognize trends in the local epidemiology by 

surveillance programs not only on national basis but also in individual hospitals (Rodloff 

et al., 2011). This knowledge will help to have a better understanding of the real burden 

caused by these infections and will help to propose empiric anti-fungal therapy thus directly 

decreasing the chances of mortality (Valerio et al., 2014; Pappas et al., 2015). 

Unfortunately even after many days Candida infection remains undiagnosed (Darwada and 

Dominic, 2011). Delay in the treatment of Candida infection leads to high fatality rate 

(Garey et al., 2006). It is a challenging task owing to distinguish between colonization and 

disease. Moreover the correct identification of the Candida at species level is important 

because of varied response of the different Candida species to the same antifungal agent 

(Darwada and Dominic, 2011).  

 

The current study has been conducted in two main tertiary care hospitals of Rawalpindi, 

The Holy Family Hospital (HFH) and Combined Military Hospital (CMH). In the clinical 
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laboratories of these hospitals, most of work has been focused on Medical Bacteriology, 

the samples are not properly processed for isolation of various fungal pathogens except a 

few such as Candida albicans. There is no national surveillance program to monitor the 

prevalence of Candida species and antifungal resistance. Candida is usually considered as 

a contaminant or part of microflora like other resources constrained laboratories (Akins, 

2005). Only direct microscopy of the clinical specimen is done to report the presence of 

Candida species in the specimen. There is no method used for the identification of the 

Candida at species level and for thentifungal susceptibility testing. Keeping this situation 

in view, the aim of this research was to study the prevalence and antifungal susceptibility 

and biofilm production ability of local strains of Candida spp. in our hospitals. This study 

is an effort to set up conventional and cost effective methods in resources constrained 

laboratories for Candida identification and its antifungal susceptibility tests that will help 

medical practitioners in prescribing appropriate antifungal agents and designing the 

guidelines to control and prevent this opportunistic infection thus decreasing the morbidity 

and mortality. 

 

Aims and Objectives of the study: 

The aim of this study was to determine incidence of Candidiasis among local population 

of Rawalpindi Division. Keeping in view, the main objectives of the current research were: 

1. Determination of prevalence of Candida species among different wards, specimen 

types and age groups.  

2. Comparison of different methods used for identification of Candida species in order 

to find the best cost effective method for our local laboratories. 

3. Determination of antifungal susceptibility profile of Candida species by different 

methods. 

4. Characterization of biofilms formed by Candida species. 

5. Investigation of antifungal susceptibility profile of Candida biofilms
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REVIEW OF LITERATURE 

2.1 History: 

The history of Candida can be traced back at the time of Hippocrates and Galen before 

fourth century (Mandell et al., 2010). Thrush, one form of oral candidiasis is documented 

as earliest infection caused by Candida species (Anderson and Odds, 1985). In the eighteen 

century Candida was isolated by various researchers from digestive tract (Langenbeck, 

1839), mouth (Berg et al., 1846), vagina (Wilkinson, 1849) and from the sputum of a 

tuberculosis patient (Wilkinson, 1849) and from invasive candidiasis in 1861 (Zenker, 

1862). Candida species was considered as contaminant till 1980s when its high rate of life 

threatening infections was observed (Ostrosky-Zeichner and Pappas, 2006). 

 

2.2 Taxonomy: 

The genus Candida belongs to the class Dueteromycetes of kingdom Fungi in which yeast 

having no definite sexual stage are grouped together (Guarro et al., 1999). The exact 

classification of Candida species is shown in figure 2.1. The name Candida has Roman 

origin derived from the word candidatus, used in ancient Rome for candidate for public 

office wearing white dress cloak (Fotos and Hellistein, 1992). The genus includes mainly 

white asporogenous (imperfect) yeasts, a number of which have ability to produce hyphae 

and pseudohyphae (McCullough et al., 1996). The genus Candida contains 150-200 

species in which around 17 species are pathogenic for humans (Akpan and Morgan, 2002; 

Pfaller and Diekemia, 2007). The most common species of Candida accountable for 90% 

of Candida infections are C. albicans, while non albicans include C. glabrata, C. tropicalis 

and C. kruseii (Pfaller and Diekemia, 2007). These species are distinguished on the basis 

of their morphology, metabolic individualities and genetic features (Shepherd et al., 1985). 
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Fig 2.1:  Classification of Candida species 

 

 

 

 

 

Fig 2.2:  Different morphologies of Candida species (Sudbery et al., 2004) 
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2.3 Morphology: 

Candida  are thin-walled yeasts that reproduce by budding. Candida measures 5-50 μm 

(length) and 2-5 μm (diameter) in hyphae form and 5-25 μm (diameter) in yeast form 

(Sivamani, 1999; McGinnis and Rinaldi, 1995). Candida species displays three main 

morphological forms i.e., yeast, pseudohyphae and hyphae (Fig. 2). Yeast represents the 

unicellular form whereas pseudohyphae and hyphae are the filamentous morphologies. 

Only, C. albicans and C. dubliniensis are the only species that produce true hyphae 

(Sudbery et al., 2004). Thus, each Candida species has specific morphological form by 

which they can be identified. C. glabrata is the only species that does not have any 

filamentous form (McGinnis and Rinaldi, 1995).  

 

 

2.4 Site of origin: 

Candida is eukaryotic opportunistic pathogenic yeast that inhabit the mucosal linings of 

the intestine, mouth and female genital area (Kim and Sudbery, 2011). Naturally, these 

commensal microbes colonize mucosal surfaces asymptomatically. More than 70% of 

normal healthy individuals have mild to moderate Candida  colonization in their gut 

(Pallavan et al., 2014). However any breach in body defense system can turn these 

commensal bugs to life threatening pathogens (Snydman, 2003; Moyes et al., 2011; 2012). 

Mostly seen in immunocompromised patients, Candida infection can be flawlessly defined 

as the disease of diseased individuals (Deorukhkar and Saini, 2014). Candida in hospital 

environment is usually isolated from hands of care givers of patients and from intravenous 

(IV) solutions and medical devices (Vidigal and Svidzinski, 2009).  

 

2.5 Important species of Candida: 

Two hundred species of Candida have been identified to date but less than twenty species 

can cause infection in humans (Pfaller and Diekema, 2007; Scott, 2008). About 65% of the 

Candida species are nonpathogenic.  This is due to the fact that most of the Candida species 

are incapable to grow at the human body temperature (Calderone, 2002). It is seen that C. 

albicans is the most prevalent specie of Candida (Calderone, 2002; Achkar and  Fries, 

http://jmm.sgmjournals.org/content/62/Pt_1/10.full#ref-66
http://jmm.sgmjournals.org/content/62/Pt_1/10.full#ref-165
http://jmm.sgmjournals.org/content/62/Pt_1/10.full#ref-163
http://www.ncbi.nlm.nih.gov/pubmed/?term=Achkar%20JM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fries%20BC%5Bauth%5D
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2010). The common pathogenic species of Candida include Candida albicans, C. 

tropicalis, C. parapsilosis, C. glabrata, and C. krusei (Pfaller and Diekema, 2007). 

 

2.5.1 C. albicans 

C. albicans is the most prevalent species of Candida causing 80% of candidiasis. 

Morphologically it exists as 4-6 µm blastoconidia (Larone, 2002). It is polymorphic, able 

to form hyphae and psuedohyphae and is germ tube positive specie (Calderone, 2002). On 

corn meal agar it forms chlamydospores (Citiulo et al., 2009). Common infections due to 

C. albicans include vulvovaginitis, dermatitis, mycotic keratitis, sepsis, urinary tract 

infection, onychomycosis, fungemia, peritonitis and thrush (Peterson and Finegold, 1994).  

 

2.5.2 C. tropicalis  

C. tropicalis is second most abundant species of Candida after Candida albican (Ellis, 

2002). As its name indicates, it is commonly found in the tropical countries (Chai et al., 

2003). It is dimorphic and exists both in yeast (4–8 µm) and hyphal forms (Larone, 2002). 

It commonly causes vaginitis, endophthalmitis, arthritis, keratitis, thrush, pulmonary 

infection, fungemia, endocarditis, and peritonitis. In some studies prevalence of Candida 

tropicalis has surpassed C. albicans (Verma et al., 2003; Kothari and Sagar, 2009). 

Candida tropicalis is the second main prominent Candida species isolated from urinary 

tract infections (Delgado et al., 2010; Jain et al., 2011). It often acquires fluconazole 

resistance after fluconazole prophylaxis (Negri et al., 2012). Amphotericin and 

echinocandins are generally considered best therapy options for C. tropicalis candidiasis 

(Chai et al., 2003). 

 

2.5.3 C. glabrata 

C. glabrata, one of the common Candida species, is usually prevalent in adults and old age 

people (Krcmery and Barnes, 2002). C. glabrata are haploid, having blastoconidia  of 1-4 

µm in size and unable to produce hyphae (Larone, 2002; Calderone, 2002). In hospital 

settings it is commonly isolated from Intensive Care Units (ICU) [(Ruan et al., 2008)]. In 

most of the studies it was the 2nd most cause of vaginal candidiasis (Ferrer, 2000). 

Geographically, it is mostly widespread in North America and Latin America (Pfaller et 
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al., 2010). Resistance to azoles has been witnessed in the C. glabrata. Innate and acquired 

resistance against azoles is common among C. glabrata (Buitrón, et al., 2009; Kucharíková 

et al., 2010). The Minimum Inhibitory Concentration (MIC) of fluconazole for C. glabrata 

is nearly 16 times higher than that for C. albicans (Pfaller et al., 2002).  Polyenes and 

fluctocytosine are generally prescribed against C. glabrata (Buitrón et al., 2009). 

 

2.5.4 C. parapsilosis 

C. parapsilosis has blastospores of 2.5–4 µm and produces pseudohyphae (Larone, 2002; 

França et al., 2011). It is the most common yeast isolated from the hands of health care 

workers and the sterile sites of hospitalized patients (Kuhn et al., 2004; Bonassoli et al., 

2005). Prolonged catheterization frequently results in C. parapsilosis infection (Alimirante 

et al., 2006). Its victims are usually neonates and patients admitted to surgical ICU. This 

species sometimes serves as a source of hospital outbreaks (Kuhn et al., 2004; Trofa et al., 

2008). C. parapsilosis rapidly acquires resistant to amphotericin while azoles are effective 

against its strains (Ellis,  2002b; Ostrosky-Zeichner et al., 2003; Fleck et al., 2007). 

Combination therapy with amphotericin and caspofungin is usually effective against C. 

parapsilosis infections (Barchiesi et al., 2007). 

 

2.5.5 C. kruseii 

C. kruseii is relatively less common species of Candida (Pfaller et al., 2008). 

Morphologically the blastospores are long and rice shaped and measures about 2.2–5.6 × 

4.3–15.2 μm (Odds and Merson, 1989; Samaranayake and Samaranayake, 1994; Arzmi et 

al., 2012). It is the multidrug resistant species of Candida and exhibits innate resistance to 

fluconazole and decreased susceptibility towards fluctocytosine and amphotericin (Abbas 

et al., 2000; Drago et al., 2004; Mun˜oz et al., 2005). Patients with hematologic 

malignancies, receiving bone marrow replacement and oncology patients also prone to 

develop C. kruseii infections (Marr et al., 2000; Hope et al., 2002). It is seen that 

fluconazole prophylaxis can result with C. kruseii infection (Baden, 2003). Marr et al. 

(2000) observed that prophylactic administration of fluconazole increased the C. kruseii 

infection upto 38%. Nevertheless, C. kruseii infection is also observed in some patients 

earlier to fluconazole administration (Baden, 2003). Although possessing fluconazole 

http://onlinelibrary.wiley.com/doi/10.1111/j.1567-1364.2011.00786.x/full#fyr786-bib-0027
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resistance, this species is susceptible to voriconazole (Fukuoka et al., 2003; Pfaller and 

Diekema, 2007). Voriconazole and caspofungin are appropriate options for the treatment 

of C. kruseii infections (Pappas et al., 2004). 

 

2.6 Global epidemiology of Candida 

Candida infections cause fatal fungal infections infecting 72.8 per 1,000,000 annually 

(Pfaller and Diekema, 2007). In Europe, daily 0.5–0.7 cases per 10,000 patients suffering 

from candidiasis are reported (Almirante et al., 2005). This incidence of candidiasis is 

really high in in neonates (38.8%) and infants (Poikonen et al., 2003). In the United States, 

1.5% cases of Candida per 10,000 patients are observed daily. Internationally, highest 

incidence of candidiasis i.e., 3.7 % cases per 10,000 patient-days is observed in Brazil 

(Hajjeh et al., 2004; Colombo et al., 2006). According to the Brazilian Network 

Candidaemia Study, C. albicans is the leading species accounting 40.9 % of cases in Brazil, 

followed by C. tropicalis (20.9 %), C. parapsilosis (20.5 %) and C. glabrata (4.9 %) 

[(Colombo et al., 2006; Nucci et al., 2010)]. 

 

Species wise distribution of Candida species showed that C. albicans is the most frequent 

isolated species in Northern Europe and Switzerland (≥ 60%) while in other European 

countries and United states, C. albicans comprises 45% to 58% of the total isolated 

Candida species. Almost 40–42% of Candida species isolated in Asia and South America 

belongs to C. albicans. C. glabrata isolation rate in USA (18.8–24%) is highest from UK 

(22.7%), Brazil and Kuwait (4.9% and 5.6%, respectively).  C. parapsilosis was found high 

in Kuwait (30.6%), South America (20.5–21.3%), Spain (23%), Australia (19.9%) and 

found low in Switzerland (1–5%) and North Europe (4.4%). C. tropicalis is in South 

America (20.9–24.2%), Taiwan (22.4%), USA (11–12%). C. tropicalis is the most 

common species of Candida isolated in India (Pfaller et al., 1999; Alimirante et al., 2006; 

Sandven et al., 2006; Mokaddas et al., 2007; Celebi et al., 2008; Falagas et al., 2010; 

Steinbach et al., 2012; Kaur et al., 2014; Pfaller et al., 2015). 

2.7 Clinical manifestation of Candida: 

Candidiasis shows a widespread spectrum of clinical presentations. It can cause superficial 

infections infecting skin and mucosal linings, and more deep, extensive and fatal infections 
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spreading to various internal organs usually termed as invasive candidiasis (Colombo and 

Guimarães, 2003). Some common manifestations of candidiasis are discussed below: 

 

2.7.1. Oral candidiasis 

 It disturbs oral hygiene, causes pain and unease because of loss of taste of food (MacPhail 

et al., 1996). Decrease in saliva pH, use of prosthetic dentures, smoking, malnutrition, 

chemotherapies all can result in oral candidiasis (Greenspan, 1994). It is commonly 

prevalent in the infants and patients with Acquired ImmunoDeficiency Syndrome (AIDS) 

due to the weak immune system (Goins et al., 2002; Bajpai and Pazare, 2010; Prabhu, 

2013). However this infection is easily treatable mostly with topical antifungal agents 

(Pons et al.,1997). 

 

2.7.2 Onchomycosis 

Fungal infections of nail are called onchomycosis. Candida are most prominent cause of 

onchomycosis (Jesudanam et al., 2002). It is usually seen in immunocompromised patients 

and people who work in water commonly in farmers and household women.( Veer et al., 

2007; Rakshit et al., 2014)  A two year study in Brazil reported that 82% cases of 

onchomycosis were due to Candida species (Pontes et al., 2002). Candida can be isolated 

both from finger and toe nail but C. parapsilosis is mostly isolated from toe nail (Gautret 

et al., 2000). Sometimes Candida infection results in total nail removal termed as 

onchylosis (Finch et al., 2012). 

 

2.7.3 Vulvovaginitus Candidiasis 

 Candida vaginitis is amongst most frequent fungal infection of female genital region 

upsetting masses of women globally (Sobel, 2006). About 75% of the women during their 

child bearing age experience one episode of Candida vaginitis in their life time. 

Approximately half of them will have multiple episodes (Moreira and Paula, 2006; Faraji, 

2010). About 40% of women suffering having vaginal discomfort  are diagnosed with VVC 

(Anderson et al., 2004) Risk factors for the vaginitis include pregnancy, oral 

contraceptives, tight clothing, diabetes and antibiotic administration (John, 2000). About 

85%-90% of all the Candida vaginitis is caused by the Candida albicans (Aghamirian et 

http://jmm.sgmjournals.org/content/62/Pt_1/10.full#ref-23
http://jmm.sgmjournals.org/content/62/Pt_1/10.full#ref-23
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al., 2007). Non albican species causing vaginosis include C. glabrata, C. tropicalis and C. 

kruseii and C. parapsilosis (Namkinga et al., 2005). In Europe Candida is the primary 

cause of vaginal infection while in USA it is the ranked as second causative agent of 

vaginitis VC (Kent, 1991).  In Pakistan, VVC  was reported in 40% of the women having 

symptomatic candidiasis (Khan and Baqai, 2010) 

 

2.7.4 Candiduria: 

Isolation of yeast Candida from urine is a common fungal infection termed  as candiduira.  

Candiduria is a common nosocomial infection of the urinary tract (Behzadi et al., 2015). 

Diagnosis of candiduria is always a challenge to physicians as to confirm whether the 

presence of Candida in urine represents merely colonization or upper or lower urinary tract 

infection or some kind of renal sepsis (Lundstorm and Sobel, 2001; Kaufmann, 2005). 

Common risk factors of candiduria include urinary catheterization, broad spectrum 

antibiotics, abdominal surgeries, diabetes mellitus, and corticosteroid administration 

(Guler et al., 2006). The noticeable species of Candida accountable for candiduria include 

C. albicans, C. tropicalis and C. glabrata. Asymptomatic candiduria usually does not 

require any treatment whereas symptomatic candiduria is usually treated with azoles 

provided that the causative agent is not C. glabrata or C. kruseii (Bukhary, 2008). 

  

Other manifestations include ocular, cardiovascular, pulmonary, central nervous system 

and abdominal candidiasis. 

 

2.8 Risk factors for Candida infections: 

The advances in medical technology have prolonged the life of critically ill patients whose 

microflora is extremely disturbed and more prone to Candida infection (Blot et al., 2008; 

Darouiche, 2009). Candidiasis is a common chaos of unhealthy individuals (Deorukhkar 

and Saini, 2014).  Individuals who have some underlying disease (diabetes, AIDs, cancer), 

organ or stem cell transplantation, advanced age and neonates of premature birth have great 

chances of developing Candida infections (Muskett et al., 2011). Patients hospitalized for 

more than a week have also are likely to develop Candida infection (Pelz et al., 2001; 

Wisplinghoff et al., 2004; Dimopoulos et al., 2007).  
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The risk factors for candidiasis include loss of function of neutrophils, older age, 

disturbance in immune system, extensive usage of antibiotics, breach in natural anatomical 

barriers by use of indwelling devices (catheters), pregnancy, injuries and surgical 

procedures, total parenteral nutrition, blood transfusions, organ or bone marrow 

transplantation and admission to ICU (Pfaller and Diekema, 2007; Concia et al., 2009; Ma 

et al., 2013). 

Other risk factors for  non-albicans species infection include:  

C. parapsilosis: foreign-body insertion, neonates, hyperalimentation. 

C. krusei: Fluconazole prophylaxis.  

C. tropicalis: Neutropenia and bone marrow transplantation. 

C. glabrata: Azole prophylaxis, surgical procedures, central line catheters and older age 

(Kremery and Barnes, 2002). 

 

2.9 Pathogenesis of Candida: 

In the past, it was believed that only poor immune system causes Candida infection 

develops by only compromising immune system but now it is well established that Candida 

species itself  is involved in developing infection by means of specific features known as 

virulence factors (Tamura et al., 2007). These factors are the proteins that occupy the host 

by various kinds of despair mechanisms (Tamura et al., 2007). 

The most prominent virulence factors include host recognition and adherence, secretion of 

degradative enzymes and biofilm formation (Silva et al., 2011b). Morphogenetic switching 

is also an important mechanism of pathogenesis (alteration between hyphal and yeast 

morphological form) [(Cullen and Sprague, 2012)]. 

The first step in invasion of the host involves adherence to host surfaces. In addition, 

Candida species has an ability to attach itself to the surfaces of medical devices and form 

biofilms, another significant virulence factor. Early attachment is facilitated by 

hydrophobic along with electrostatic forces. This attachment is further assisted by specific 

specialized surface proteins termed as adhesins which are located on the outer side of yeast 

cells and are able to recognize ligands such as proteins, fibrinogen and fibronectin (Li et 

al., 2003). These adhesins stimulate adherence to abiotic surfaces by binding to amino 

acids and sugars (Verstrepen and Klis, 2006). Hydrolases are also known to play a vital 

http://jmm.sgmjournals.org/content/62/Pt_1/10.full#ref-154
http://jmm.sgmjournals.org/content/62/Pt_1/10.full#ref-80
http://jmm.sgmjournals.org/content/62/Pt_1/10.full#ref-80
http://jmm.sgmjournals.org/content/62/Pt_1/10.full#ref-162
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part in adherence, infection dissemination, invasion and the total destruction of host tissues 

(Silva et al., 2011b). Proteases and phospholipases are the main hydrolases (Ghannoum, 

2000; Naglik et al., 2003). 

 

The changeover of unicellular yeast to hyphal form is termed as morphogenetic switching. 

Studies reported that C. albicans and C. dubliniesis are only capable of morphogenetic 

switching (Corner and Magee 1997; Eckert et al., 2007). The conditions encouraging this 

phenomenon include low temperature and pH, lack of serum and rich glucose media 

(Corner and Magee 1997; Eckert et al., 2007). This switching is necessary virulence factor 

for pathogenesis by C. albicans and C. dubliniesis. Yeast forms are more suited for 

dissemination in tissues and to other hosts, whereas hyphal forms are required for tissue 

damage and invasion. Studies confirmed that merely growth of yeast cells is not enough 

for tissue invasion instead for complete damage and destruction of the host cells 

morphogenetic switching is required between the two forms of Candida (Cullen and 

Sprague, 2012). 

 

2.10 Management of Candida infections: 

 Candida infections can be managed by two strategies. 

1. Well-timed diagnosis and documentation of the ide ntity of Candida species. 

2. Treatment with appropriate antifungal agents (Kabir and Ahmad, 2012).  

The speedy recognition of Candida species not only aids in choice of appropriate 

antifungals in an economical way but also have progressive influence on patient’s fitness. 

Hence the procedure of Candida recognition should be fast and accurate (Roy et al., 2013). 

 

2.11 Laboratory identification of Candida species 

Quick initiation of proper antifungal therapy against candidiasis is critical for reduction of 

fatality rate so, the importance of rapid diagnosis can’t be ignored (Garey et al., 2006). 

Unluckily, diagnosis of candidiasis is a difficult job. Previous studies have shown that for 

yeast identification, 10% potassium hydroxide is more effective than saline (Sobel, 2007). 

http://jmm.sgmjournals.org/content/62/Pt_1/10.full#ref-147
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Efficiency of KOH is similar to gram staining (49 %) to identify Candida species (Cotch 

et al., 1998).  

Clinical samples are cultured on particular culture media. Numbers of media are available 

for the isolation of Candida species but mostly Sabroud’s Dextrose Agar (SDA) is used as 

selective medium for fungal pathogens (Odds, 1991; Sheppard et al., 2008). Usually SDA 

is supplemented with antibiotics to inhibit the growth of any bacteria (McIlroy, 1991). 

Bankar et al., 2012 reported the SDA culture as the most effective method to detect 

Candida species from a culture (Banker et al., 2012). 

Germ Tube Test (GTT) is a prompt and easy technique to differentiate C. albicans from 

non albicans species. GTT involves the formation of non septate hyphae by C. albicans in 

the presence of rich nutrients (horse media) at 37 ⁰C when kept for 2-3 hours (Williams 

and Lewis, 2000). Since its development, this test is used to identify C. albicans species 

by various clinical laboratories and still being considered as a best way for quick 

identification of Candida species (Hilmioglu et al., 2007; Sheppard et al., 2008). Lee et al. 

(1999) reported more than 96% sensitivity of GTT for identification of C. albicans. Hoppe 

and Frey, (1999) found that GTT correctly identified 98.8 % of Candida species.  

Another technique to isolate and identify Candida species is to study fungal morphology 

on chromagar. Chromagar is considered a reasonable medium for both isolation and 

presumptive identification of different Candida species (Year et al., 2004; Ghelardi et al., 

2008; Jain et al., 2012; Devi and Maheshwari, 2014). Chromagar contains chromogenic 

mix which hydrolyzes species specific enzymes of Candida and produces coloured 

colonies on the chromagar plate (Odds and Bernaerts, 1994). It usefulness is observed 

specially in the resources constrained laboratories as it can easily identify the Candida 

species in a cost effective manner  (Juliana, 2004; Nadeem et al., 2010; Devi and 

Maheshwari, 2014). Nadeem et al. (2010) reported that CHROMagar Candida correctly 

identified more than 94% of C. albicans, C. tropicalis, C. krusei and  C. glabrata. Vijaya 

et al. (2011) was able to isolate the mixed growth of Candida species in the sputum samples 

by chromagar. Kumar et al. (2013) reported that chromagar was quite effective for the 

rapid, cost effective identification of a C. albilcans, C. tropicalis, C. krusei, C. glabrata 

and C. parapsilosis.  
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Candida species exhibits different morphological features on Corn Meal Agar (CMA) 

plates. C. albicans forms special features double walled rounded structures called 

chlamydospores. The study of morphology of hyphae and blastoconidia of different 

Candida species when grown on CMA plates in oxygen limited conditions is a common 

method for identification of Candida species (Marsh and Martin, 2009). Marinho et al. 

(2010) identified more than 94% of Candida albicans strains correctly by CMA method.  

Identification of Candida species is also done by analyzing their ability to ferment various 

sugars. Commercially available sugar fermentation kits (API 20C kit: API ID 32) are quite 

useful in appropriate identification of common and rare species of Candida (Soliman et al., 

2011; Agha et al., 2012). 

 

2.12 Antifungal Drugs 

Fungal infections are known for centuries but history of antifungal agents can be traced 

back to 1939 when very first antifungal was discovered from Pencillium griseofulvum 

(Newman and Cragg, 2007). The first widely used drug Amphotericin B was developed in 

1960  and since then it is considered as a gold standard for treatment of candidiasis (Gupta, 

1994 et al., 1994). The main hurdle in the development of fungal drugs is the similarity of 

eukaryotic cell structure of fungal pathogens with human cells which limits the targets for 

drug discovery (Walsh and Dixon, 1996). The enormous increase of fungal infections in 

the previous three decades has made researchers to develop novel drugs.  Since the year 

2000 the number of fungal agents is increased up to 30% but still only 15 drugs are 

available for clinical use (Seyedmousavi et al., 2013). 

 

2.12.1 Polyenes: 

Polyenes are cyclic amphiphilic organic compounds known as macrolides on the opposite 

hydrophilic side (Lemke et al., 2005). The common polyenes used clinically are 

Amphotericin (AmB), Nystatin and Natamycin (Matsumori et al., 2009)  
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Mechanism of action: Polyenes interacts with the sterol components of the cell 

membranes of fungal pathogens (Matsumori et al., 2009). After binding with the lipid 

bilayer membrane it forms pores which subsequently results in the disturbance of the  

plasma membrane. Finally intracellular components particularly potassium ions are leaked 

from these pores that causes the cell death (Dhaheri and Douglas, 2010). Common 

polyenes have a lower but non-negligible affinity for cholesterol, the human counterpart of 

ergosterol (Lemke et al., 2005). The similarity of structure of ergosterol, cell membrane 

component of Candida and cholesterol is a major cause of the toxicity of polyenes (Wasan 

et al., 1998). Due to high hydrophobicity, AmB is administered in form of IV, while 

Nystatin and Natamycin are usually oral medicines or topical ointments (Zotchev, 2003). 

Side effects: The adverse effects of polyenes include nephrotoxicity and renal 

complications (Barrett et al., 2003).  

 

2.12.1.1 Amphotericin:  

The antifungal activity of amphotericin was discovered in 1953 and its clinical use was 

started in 1957 in USA (Ellis, 2002b). Streptomyces bacterium is commonly used for its 

cost effective production however it can also be synthesized in laboratories chemically 

(Caffrey et al., 2001).  

Over the period of forty years amphotericin is being used clinically for management of 

fungal infections still incidence of innate or acquired resistance to this antifungal is found 

rare (Ellis, 2002b; Laborín and Vargas, 2009). Resistance to amphotericin is species 

dependent, C. lusitaniae and C. guilliermondii are known for the innate resistance to 

amphotericin while other common species including C. glabrata and C. kruseii show high 

MIC values against amphotericin despite being sensitive (Pappas et al., 2004). 

Amphotericin is most widely used polyene antifungal for invasive candidiasis. The adverse 

effects especially nephrotoxicity caused by AmB administration limits its use (Barrett et 

al., 2003). AMB is generally administered through inhalational or intravenous route as it 

is not absorbed through orally due to its hydrophobic nature (Ellis, 2002b; Sehgal et al., 

2014).  To avoid the adverse renal effects of amphotericin, lipid formulation of 

amphotericn have been developed that include amphotericin B lipid complex, amphotericin 

B colloidal dispersion and liposomal amphotericin B (Barrett et al., 2003). The liposomal 
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formulations of amphotericin have equivalent efficacies with a good safety profile to 

conventional amphotericin with good safety profile but their high cost impact is major 

challenge in its routinely usage (Harnill, 2013). Most commonly liposomal formulations 

of amphotericin B are given to children as a first line therapy (Turkova et al., 2011).  

 

2.12.2 Azoles  

Azoles make the largest group of antifungals. They are heterocyclic compounds having an 

azole ring which contains two or three nitrogen atoms and are known as imidizoles and 

triazloes, respectively (Hof, 2006). Triazoles are fungistatic, less active against human 

sterols and possess a better antifungal activity than imidazoles. Triazoles were introduced 

almost 30 years ago (Zonios and Bennett, 2008). Currently, more or less imidizoles are 

replaced by traizoles (Hay, 2003).  

Mechanism of action: Triazoles actively inhibit cytochrome P450 enzyme lanosterol 14-

-demethylase that converts lanosterol to ergosterol (Hof, 2006). Ergosterol is an important 

component of the cell membrane and its unavailability arrests the cell growth, changes the 

cell membrane permeability which finally leads to the leakage of the cellular contents 

(Jamekia et al., 2010). At high concentrations (micromolar) the azoles are fungicidal and 

at low concentrations (nanomolar), they are fungistatic (Espinel-Ingroff, 1998; Diekema et 

al., 1999; Tripathi, 2002; Chavez et al., 2002; Richardson, 2005). The dissimilarity in the 

antifungal activity of different azoles is due to their  varied affinity for 14-ɑ-demethylase 

enzyme (Ghannoum and Rice, 1999; Hof, 2006).  Common triazoles include fluconazole, 

itraconazole; clotrimazole and azoles derived from them are voriconazole and 

posaconazole (Hof, 2006; Vandeputte et al., 2012; Paramythiotou et al., 2014). 
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Fig 2.3: Mechanism of action of different antifungal drugs (Source: Katzung et al., 

2012) 
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Adverse Effects: 

There are few side effects of azoles. Common side effects observed while azole 

administration include headache, nausea and vomiting (Zonios and Bennett, 2008). 

 

2.12.2.1 Fluconazole  

Fluconazole was introduced in the early 1990 and since then became as first line treatment 

option for many of fungal infections (Mian et al., 1998; Sheehan et al., 1999; Meis et al., 

2000). Its superior phramokinetic properties like greater water solubility, greater excellent 

bioavailability; low protein binding allows its oral and intravenous administration 

(Kowalsky and Dixon, 1991). Its oral formulation is quite efficient as it does not only 

diffuses to all body parts but also to cerebrospinal fluid (Arndt et al., 1988; Brammer et 

al., 1990). Fluconazole was considered gold-standard antifungal agent to treat of fungal 

infections during the earlier years of its discovery. Regrettably, the over prescription of 

fluconazole by practitioner for prophylactic purposes has resulted in increase in its 

resistance (Vandeputte et al., 2012). C. kruseii is innately resistant to fluconazole while C. 

glabrata shows reduced susceptibility to fluconazole (Charlier et al., 2006; Vandeputte et 

al., 2012). Fluconazole is a fungistatic drug and is typically active against yeasts (Groll et 

al., 2001). Also its use is considered safe in pediatrics with very few side effects (Egunsola 

et al., 2013). Fluconazole is generally well tolerated by the human body. Serious adverse 

events mainly include liver and gastrointestinal problems. Skin rash can also be an adverse 

effect (Tavallaee and Rad, 2009; Egunsola et al., 2013). 

 

2.12.2.2 Voriconazole 

Voriconazole was approved by FDA in 2002 for clinical use (Herbrecht, 2004). It is a 

second generation triazole of low molecular weight compound derived from fluconazole 

(Johnson and Kauffman, 2003). Both oral and intravenous formulations of voriconazole 

are used clinically. In Europe, these formulations are prescribed to toddlers of 2 years to 

adult patients (Scott and Simpson, 2007). It exhibits enhanced antifungal susceptibility 

profile both in vivo and in vitro against all Candida species (Ruhnke, 2002). It is superior 

to fluconazole as it possesses good antifungal activity against fluconazole-resistant  

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Tavallaee%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rad%20MM%5Bauth%5D
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Candida species (Scott and Simpson, 2007). Voriconazole like other azoles is fungistatic 

however it shows fungicidal activity against some NAC (Groll  et al., 2001). Various 

clinical investigations have proved the excellent efficiency and tolerance of voriconazole 

against candidiasis (Ally et al., 2001.) Drug interaction is observed when administered to 

patients taking some medications for hepatic dysfunction (Jeu et al., 2003). Cross-

resistance of voriconazole with other triazoles has been reported, most likely due to similar 

modes of action (Muller et al., 2000). Common side effects include visual disturbances, 

skin rashes and increase enzyme production by liver (Jeu et al., 2003). 

 

2.12.3 Echinocandins 

Echinocandins is the most recent class of antifungal agents to help medical practitioners to 

treat invasive kind of fungal infections (Denning, 2002). Presently three echinocandins are 

approved by FDA and EMEA for clinical use namely, caspofungin micafungin, and 

anidulafungin (Vandeputte et al., 2012).  

 

Mechanism of Action: Echinocandins are synthetic lipopeptides synthetic that halt the 

synthesis of -1, 3 glucan, by hindering the activity of glucan synthase (Denning, 2003). 

Glucan is an important component of cell wall and maintains the cell wall integrity. 

Blocking the glucan synthesis by echinocandins subsequently results in development of a 

cell wall with impaired structure, having pores and pits which is more likely to disrupt by 

osmotic lysis (Georgopapadakou,  2001; Cappelletty and McKitrick, 2007; Grover, 2010). 

The cellular contents released have some more antigens mainly manno-proteins which 

activate the immune system of host to produce more antibodies (Safdar, 2009).  

The high molecular weight of echinocandins prevents its absorption in gastrointestinal tract 

so they are administered only intravenously. These molecules possess excellent 

pharmokinetic properties like low toxicity and slow degradation. Echinocandins hardly 

interact with other drugs (Denning, 2002). Synergistic effects are observed when 

echinocandins are given in combination with azoles and polyenes (Pfaller et al., 1999). 

Excellent in vivo and in vitro fungicidal activity of echinocandins is observed against all 

Candida species. Synergistic effects of echinocandins with combination trizoles and 
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amphotericin are also observed (Espinel-Ingroff, 2003). The only limitation in its regular 

use is its unexceptionally high price (Chen et al., 2011). 

 

Adverse Effects: Adverse effects of the echinocandins include headache, high body 

temperature, hepatic  toxicity, histamine release, haemolysis and rash (Denning, 2003). 

 

2.12.3.1 Caspofungin: 

 Caspofungin was the first approved echinocandin. It is administered to the patients, which 

cannot tolerate liposomal amphotericin formulations and itraconazole. It exhibits excellent 

antifungal activities on the patients suffering with oropharengeal candidaisis and 

esophageal candidiasis. In case of invasive candidiasis its efficacy is equivalent to 

amphotericin (Keating and Figgitt, 2003). It is effective on almost all species of Candida 

including azole resistant species (Nagappan et al., 2010). Some studies reported that 

Candida parapsilosis and Candida guilliermondii have high MIC values still being 

susceptible (Pfaller et al., 2006; Pfaller et al., 2011). The common adverse effects of 

caspofungin include injection related reactions, certain hepatic problems and sometimes 

vomiting can occurs. But all these adverse effects disappear in three days (Zhang et al., 

2014). 

 

2.13 Antifungal Susceptibility of Candida Species: 

Badiee and  Alborzi et al. (2011) isolated 595 clinical strains of Candida from various 

clinical isolates and checked the antifungal susceptibilities of the species to fluconazole, 

amphotericin B,  voriconazole, and caspofungin. Candida albicans (48%) was the most 

dominant species, followed by Candida krusei (16.1%), Candida glabrata (13.5%), 

Candida kefyr (7.4%), Candida parapsilosis (4.8%), Candida tropicalis (1.7%) and other 

species (8.5%). The MIC90 for all Candida species were 64 μg/ml, 0.75 μg/ml, 0.5  μg/ml 

and 2 μg/ml for fluconazole, amphotericin B,  caspofungin and voriconazole, respectively. 

  

 

 

 

http://aac.asm.org/search?author1=V.+Nagappan&sortspec=date&submit=Submit
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   Table 2.1 The characteristics of the three main classes of antifungal drugs 

(Spellberg et al., 2006) 

 

Type Typical drugs Pharmacology Good points Shortcoming 

Polyenes Amphotericin B Change the 

permeability of the 

fungal cell wall 

High effective rate 

of treating 

invasive fungal 

infection 

Severe 

adverse 

reaction 

Azoles Itraconazole, 

Voriconazole 

Fluconazole 

Posaconazole 

Inhibit the enzyme 

lanosterol 

demethylase by 

blocking the 

biosynthesis of 

ergosterol 

High effective rate 

of treating 

Candida 

Resistance 

Echinocandins Caspofungin, 

Micafungin, 

Anidulafungin 

Disrupt the cell wall 

formation in fungi 

by inhibiting the 

enzyme 1,3-β-

glucan synthase  

Broader spectrum 

of antifungal 

activity, fewer 

adverse effects, 

rapid resolution of 

symptoms, fewer 

interactions 

Expensive  

 

 

 

 

A very large Candida surveillance study including 41 mycology centers was conducted in 

USA. Among 5900 clinical strains of Candida, C. albicans, 2,567 (43.5%) isolates were 

the major species followed by C. glabrata, 1,464 (24.8%); C. parapsilosis, 1,048 (17.8%) 

isolates; C. tropicalis, 527 (8.9%) isolates; C. krusei, 109 (1.9%) isolates; C. lusitaniae, 76 
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(1.3%) isolates; and other Candida species, 109 (1.9%) isolates. Resistance to fluconazole 

occurred in 1.2% of C. albicans isolates, 5.9% of C. glabrata, 0.3% of C. parapsilosis, and 

0.4% of C. tropicalis isolates. Resistance to fluconazole was highly predictive of resistance 

to voriconazole. Resistance to echinocandins was rarely found, occurring in only 0.2% of 

all isolates. The rate of fluconazole susceptibility increased significantly from 87.5% in 

2005 to 97.4% in 2007. The proportion of cases of disease caused by various Candida 

species did not change appreciably between 2004 and 2007, and the rate of antifungal 

susceptibility was high (Lyon et al., 2010). 

 

In a similar study in Venezuela 145 clinical strains of Candida species were isolated during 

the period of one year. Fifteen hospitals participated in this study. Non albican species 

included C. parapsilosis, C. tropicalis, C. glabrata and C. krusei which were dominant 

(72.4%) as compared with C. albicans (27.6%). However among individual species, C. 

albicans (n=40) was most common with 40 isolates followed by C. parapsilosis (n=39), C. 

tropicalis (n=29), C. glabrata (n=22) and C. krusei (n=5) and other rare Candida species 

(n=10). The antifungal susceptibility results showed that none of the strain was resistant to 

amphotericin. However 6.2% of Candida species exhibited resistance to fluconazole. 

Among the fluconazole resistant species C. kruseii was most prominent followed by C. 

glabrata and C. tropicalis. All strains of C. albicans and C. parapsilosis were sensitive to 

fluconazole. Voriconazole was found very efficient as none of the Candida strains showed 

resistance to it with exception to two species of C. kruseii which were dose dependent 

sensitive to it. The efficacy of antifungal drugs was found strongly dependent upon the 

species along with the site of origin of the clinical isolate (Panizo et al., 2009). 

 

Pahwa and his coworkers conducted a research in a tertiary care center in Indore, India to 

study the species distribution and antifungal susceptibility pattern of Candida species. 

Among 230 isolated strains Candida albicans was the most prominent with 100 isolates 

(42.2%). The group of non albicans Candida include  C. tropicalis [n=53], C. parapsilosis 

[n=15 (6.3%)], C. glabrata [n=9 (3.8%)], C. krusei [n=8 (3.4%)], C. lusitaniae n=[5 

(2.1%)], C. lipolytica [n=4 (1.7%)], C. pelliculosa [n=3 (1.3%)], C. sphaerica [n=3 

(1.3%)], C. guilliermondii [n=2 (0.8%)], C. famata [n=2 (0.8%)], C. utilis [n=2 (0.8%)], 
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C. rugosa [n=1 (0.4%)]. The antifungal sensitivity results showed that susceptibility rates 

of amphotericin B, fluconazole, voriconazole were 97.1%, 94.1%, and 97.5%, respectively. 

Candida albicans was found to be the most sensitive species. All C. kruseii strains were 

resistant to fluconazole. Reduced susceptibility to voriconazole was detected in C. 

tropicalis and C. glabrata (Pahwa et al., 2014). 

  

Eksi et al. (2013) studied the antifungal susceptibility pattern of 111 Candida species by 

broth microdilution method obtained from a local hospital of Turkey. The species 

distribution among these samples showed that although C. albicans (n=53, 47.7%) was the 

most common species but still group of non albican species was dominant. Among non 

albican species C. parapsilosis (36.9%) was most prevalent followed by   C. krusei (n=6, 

5.4%), C. tropicalis (n=3, 2.7%), C. glabrata (n=3, 2.7%), C. kefyr (n=2, 1.8%), and as C. 

lusitaniae (n=2, 1.8%) and C. famata (n=1, 0.9%). The antifungal susceptibility results 

showed that fluconazole resistance rate was 5.66% in C. albicans and 15.5% in non-

albicans Candida. The fluconazole resistant strains among Non albicans Candida (NAC) 

include one strain of C. tropicalis and 2 strains of C. glabrata. All strains of C. kruseii 

species were considered resistant to fluconazole. Fluconazole resistant strains of NAC 

include one strain of C. tropicalis and 2 strains of C. glabrata. The single strain showing 

resistance to voriconazole belonged to group of C .tropicalis  

 

Haddadi et al. (2014) isolated yeast from pediatric patients from a local hospital in Iran. 

The sample sites include mouth, genitourinary tract and nose. Candida albicans was found 

to be the leading species followed by C. krusei (7.9%), C. glabrata (6.3%), C. tropicalis 

(4.7%), C. famata (4.7%), C. parapsilosis (3.5%), C. dubliniensis (2.4%), C. kefyr (1.8%), 

susceptible species as depicted by the results of antifungal susceptibility tests. Resistance 

to amphotericin was 3%, 1%, and 7.5% among C. albicans, C. kruseii and C .glabrata, 

respectively. Voriconazole resistance was seen in 6 %, 1% and 21% of C .albicans, C. 

kruseii and C. glabrata, respectively.  Only 30% and 60% of C. glabrata and C. kruseii 

strains showed sensitivity to fluconazole respectively. Caspofungin was the most efficient 

antifungal agent, only 3% C. albicans showed resistance to it. The C. glabrata was the 

most resistant specie as obvious from antifungal susceptibility results. 
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2.14 Candida Biofilms: 

 

Biofilm formation is one of the most important pathogenic factors of Candida (Tumbarello 

et al., 2007). Candida biofilms are the structured communities of cells and hyphae living 

together in a self created extra cellular matrix. Candida spp. can use any biotic or abiotic 

surface to form biofilms in a humid environment (Tournu and  Dijck, 2012). The microbes 

in a biofilm have a symbiotic relationship to develop and survive in an aggressive 

environment (Davey and O’toole, 2000). This association is very beneficial to invade the 

host. Various studies have reported that planktonic forms of microbes are virtually 

nonexistent instead they are present in form of biofilm in body tissues and prosthetic 

devices (Chavez et al., 2008; Bink et al., 2011). Biofilm serves as a storage house of  a  

long-lasting infection because of its surprisingly high resistance to all kind of antifungals. 

These biofilm–related infections then become challenging to treat and occasionally the 

removal of medical device is only the way to eradicate the infection (Montejo, 2011). 

Mortality rates of Candida infections due to medical devices is up to 30% (Viudes et al., 

2002; Finkel and Mitchell, 2011) and antifungal treatment of these infections costs US$ 

2.6 billion annually in US (Finkel and Mitchell, 2011). It is known that 65% of human 

infections are caused by microbial biofilms (Potera, 1999; Thein et al., 2009). These 

infections are difficult to treat and mostly treatment requires removal of the medical 

devices which in certain cases may be lethal (Finkel and Mitchell, 2011). 

 

In 1994 Hawser and Douglas were the first to study the Candida biofilm. Candida albicans 

biofilms have been studied extensively as compared to the non-albicans species (Hawser 

and Douglas, 1995; Chandra et al., 2001b; Ramage et al., 2006). It has been known that C. 

tropicalis, C. glabrata, C. parapsilosis and C. kruseii also have ability to form biofilms 

(Kuhn et al., 2002a; Bizerra  et al., 2008; Kucharikova et al., 2011). But the phenomenon 

of biofilm formation varies among different Candida species. The strains of Candida 

species which produce biofilms are reported to have increased mortality (Tumbarello et 

al., 2007; Trofa et al., 2008). 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Tournu%20H%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Dijck%20P%5Bauth%5D
http://jmm.sgmjournals.org/content/62/Pt_1/10.full#ref-30
http://jmm.sgmjournals.org/content/62/Pt_1/10.full#ref-166
http://jmm.sgmjournals.org/content/62/Pt_1/10.full#ref-166
http://jmm.sgmjournals.org/content/62/Pt_1/10.full#ref-42
http://jmm.sgmjournals.org/content/62/Pt_1/10.full#ref-42
http://jmm.sgmjournals.org/content/62/Pt_1/10.full#ref-42
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2.14.1 Process of Biofilm formation 

The process of biofilm formation has been divided into four stages. The first stage involves 

the adhesion of the Candida cells to the substrate.  After attachment in the second stage 

during early (0-4) hours cells were present as blastopores which were growing over the 

substrates form a thin layer of cells (11h). The third phase is accompanied by development 

of pseudohyphae and hyphae and excretion of matrix material which is noncellular as 

shown in figure 4. During the last maturation phase, the yeast cells are dispersed to form 

the biofilm at distant places (Chandra et al., 2001b; Blankenship and Mitchell, 2006; 

Uppuluri et al., 2010; Kaneko et al., 2013). A multitude of in vitro studies has been 

described that relates to the impact of different types of substrate, nutritional supplies, in 

flow or static conditions, on adhesion and biofilm properties of several Candida species  

(Tournu and Dijck, 2012). 

 

2.14.2 Mechanism of biofilm resistance: 

Various cell machinery work together side by side which enhance the resistance of biofilm.  

 (i) The genes for efflux pumps have an amplified expression (Sardi et al., 2011). 

(ii) The proportions of sterol and ergosterol component in the cell wall is altered which 

serve as binding sites of antifungals (Mukherjee et al., 2003). 

(iii) Extracellular matrix restricts the dispersion of molecules through it (Mitchell et al., 

2013). 

(iv) Existence of persister cells in the matrix additionally enhances the resistance as these 

cells can stand by high concentrations of antifungals (Bink et al., 2011). 
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Fig. 2.4. Diagrammatic representation of different phases of biofilm formation 

(Source: Chandra et al., 2001) 

**In the above figure three developmental phases of biofilm formation are shown. During the early phase Candida cells 

adhere to the biotic or abiotic surface with the help of adhesins. In the intermediate stage, development of hyphal 

structures takes place along with the production of Extra Cellular Matrix (ECM). In the mature phase a large network of 

hyphae and blastospores are developed which are fully covered with ECM. 

http://www.google.com.pk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.nature.com/nprot/journal/v3/n12/fig_tab/nprot.2008.192_F5.html&ei=MuI5VavYKsfdPdThgOAE&bvm=bv.91427555,d.d2s&psig=AFQjCNEi886qCqVjpoqbhvJTR55fgzOY_g&ust=1429943168616430
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2.14.3 Effect of substratum and preconditioning 

Hawser and Douglas, (1994) were the pioneers to form Candida biofilms. They used 15 

strains of Candida to form the biofilms on the different catheter material. It was found that 

the Candida biofilms latex and silicone elastomers supported the more biofilm formation 

as compared to PVC. Also they found that C. albican produced more biofilm as compared 

to other clinical strains of C. parapsilosis, C. glabrata and C. pseudotropicalis. They 

observed that after 48hours C. albicans biofilms consisted of a thick layers of blastospores 

with embedded hyphal structures. 

 

Estivill et al. (2011) evaluated three clinical materials i.e., polyurethane, polyvinyl chloride 

and Teflon for biofilm formation. Eighty four clinical samples of Candida including five 

species i.e., C. albicans, C. glabrata, C. krusei, C. tropicalis, and C. parapsilosis were 

checked for biofilm formation on these materials. All species, except Candida glabrata 

favored Teflon. C. kruseii and C. glabrata did not show much difference over all three 

materials. C. parapsilosis strains showed the least uniformity in the ability to form biofilm, 

followed by C. tropicalis and C. albicans. 

Frade, and Arthington-Skaggs  et al.  (2011) studied the effect of serum and surface on 

Candida albican biofilms by using different substrates that are used in medical devices. 

Serum conditioning of surfaces always produced more biofilm independent of the metallic 

or non-metallic surface. It was found that coarseness and hydrophobicity can control the 

biofilm formation. It was concluded that serum conditioning of the substrate at the early 

stage of biofilm formation increases adhesion depending on the surface of substratum. 

The different media used by researchers for biofilm formation include RPMI 1640, Yeast 

nitrogen base (YNB) supplemented by sugar, sabaroud dextrose broth supplemented by 

sugar and spider medium (Chandra et al., 2001a; Ramage et al., 2001 Seneviratne et al., 

2009; Pereira et al., 2011).  

 

2.14.4 Different Model Systems for Biofilm Formation 

Ramage et al. (2001) formed the biofilm of Candida albican species in 96 microtitre plate 

method which is now the most common method for the biofilm formation. The wells of the 

plate were pretreated with serum and then biofilms are formed directly in them. This 
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method took only 48 hours to complete. Calorimetric assays (XTT assay) are done to 

evaluate the biofilm formation and the readings are taken by  microtiter-plate reader.    

 

The Candida biofilms formed on the medical catheters and prosthetics are subjected to an 

environment where they have continuous supply water and nutrients. Uppuluri et al. (2009) 

designed a flow model system to produce Candida biofilms to give them their natural 

environment. The nutrients were replaced continuously with the fresh ones in this system. 

The biofilms formed by this system had a complex architectural structure as compared to 

biofilms formed in astatic condition. The biofilm formed by this system after 8 hours was 

analogous to 24 hours old biofilm grown statically. The biofilm formed after 24 hours was 

two fold more thick and dense as compared to the biofilm formed in static conditions.  

 

This Calgary Biofilm Device (CBD) has been described by Ceri et al. (2001) and is a 96-

well plate based two-part reaction vessel: the upper component consists of a lid with 96 

pegs, while the lower part of the vessel serves as 96 well microtitre plate. Parahitiyawa et 

al. (2006) used CBD to study biofilm formation. It was observed that the best biofilm with 

greater depth and compact structure was formed by C. kruseii in this system as compared 

to C. albicans and C. dublinesis. This device is cost effective for comparative study of 

biofilms and allows the development of 80 biofilms at a time. 

 

Imamura et al. (2008) established a novel model of biofilm formation on various soft 

contact lenses to study fungal keratitis. Biofilms were formed on the soft lenses by 

Fusarium and Candida species. The morphology of biofilm formation was dependent on 

the kind of polymer from which the lens was made. They observed differences in biofilm 

formation between marginal and central regions of the lenses, with dense biofilms formed 

preferentially in the centers of the lenses. 
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2.14.5 Quantitative analysis of biofilms 

There is no standardized method to study the in vitro activity of antifungal agents on 

biofilms (Peman et al., 2008). There are four methods that are currently used for biofilm 

analysis. 

2.14.5.1 Crystal violet staining: 

Crystal violet (CV) staining is used for the biofilm formation. This process involves the 

staining of biofilm with CV and subsequently spectrophotometric measuring of the 

intensity of the color which correspond to the biofilm formation. However it is unable to 

differentiate between viable and dead cells (Hasan et al., 2009; Zambrano et al., 2014). 

 

2.14.5.2 Colony Forming Unit (CFU): 

This method quantifies the biofilms in terms of viable cells present in biofilm. This is a 

simple method in which cells are scraped from the biofilms. The CFU is then determined 

for each of the biofilm. This method is used as a valuable technique to study the intuitions 

of Candida biofilms (Jin et al., 2004; Senevirate et al., 2009; Estivill et al., 2011)  

 

2.14.5.3 XTT Reduction Assay: 

The reduction assay with tetrazolium salt 2,3-bis(2-methoxy-4-nitro-5-5-sulphophenyl)-5-

[(phenylamino) carbonyl]-2H-tetrazolium hydroxide (XTT) is a the widely used  tool for 

the evaluation of yeast  biofilms. This quantitative colorimetric method is based on the 

reduction of the XTT formazan product by the mitochondrial dehydrogenases of 

metabolically active cells and, as measured spectrophotometrically (Chandra et al., 2001b; 

Honraet et al., 2005).  Knowledge of the viability of cells is important to check the 

effectiveness of drug during antifungal susceptibility testing (Jin et al., 2003). XTT assays 

is the most accurate method  that has strong correlation with crystal violet staining, dry 

weight measurement and other methods been compared with other quantitative biofilm 

assays, including crystal violet (CV) staining, dry weight measurement and viable cell 

counting, and have proven to be reproducible, accurate, inexpensive and efficient for 

measuring biofilms (Nett et al., 2011) 

 

 

http://www.sciencedirect.com/science/article/pii/S1438422114001118
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2.14.5.4 Dry Weight Determination: 

Dry weight determination quantifies a biofilm on the basis if the whole biomass formed by 

the biofilm. Its best application is for comparative study of biofilms of the same strains on 

different kinds of surfaces. Dry weight includes the total mass of cells and biofilm extra 

cellular matrix (Kuhn et al., 2002b).  The difference of the biofilm formation by mutant 

strain and wild strains can be easily determined by this method (Mukherjee et al., 2003). 

 

2.14.6 Characterization and antifungal susceptibility of Candida spp. biofilms 

Studies by Mukherjee et al. (2003) determined the antifungal susceptibilities of biofilms 

developed by C. albicans mutants carrying single, double and triple deletion mutations of 

genes encoding drug efflux pumps. These results showed that at an early phase of biofilm 

development these mutants were more susceptible to fluconazole than the wild-type strain. 

Interestingly, at later time points (12 and 48 h), all the strains became resistant to 

fluconazole. These observations indicate that efflux pumps are not involved at the late 

stages of BF development. This study suggests that multicomponent, phase-specific 

mechanisms are effective in antifungal resistance of Candida (Mukherjee et al., 2003). 

  

Jain et al. (2007) screened the Candida strains for biofilm formation that were isolated 

from urine. He observed that biofilm formation was varied among different strains. The 

strains isolated from chronic infections showed similar capability of biofilms as the isolated 

from other sterile sites. The strains in planktonic form were susceptible to amphotericin, 

fluconazole and caspofungin except few strains of C. glabrata which were resistant to 

fluconazole. However, when the antifungal susceptibility of the biofilm formed by these 

strains was tested, all strains showed equal resistance to fluconazole and caspofungin. Only 

28% of strains were sensitive to AmB (MIC50 of <1 μg/ml).   

 

Tobudic et al. (2010) conducted a study to inspect the antifungal activity of amphotericin 

B, caspofungin and posaconazole on Candida biofilms at different growth phases. Candida 

albicans biofilms, previously grown for 24, 48 or 72 h in 96-well microtitre plates, were 

treated for 48 h with amphotericin B, caspofungin or posaconazole in increasing 

concentrations. The results of antifungal susceptibility showed that the antifungals were 
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ineffective as all of them failed to achieve fungicidal activity. However the greatest activity 

was exhibited by caspofungin.  

Pannanusorn et al. (2013) studied the biofilm formation of 393 clinical strains of Candida 

isolated from invasive Candidiasis. It was noticed that biofilm formation is more prevalent 

in the non-Candida albicans as compared to the Candida albicans. 40% of Candida 

albicans and 88.7% of non Candida albicans formed biofilms. C. tropicalis, C. lusitaniae 

and C. glabrata were found to be the best biofilm producers 

 

 Mahmoudabadi et al. (2014) studied the Candida biofilms by assay. It was observed in 

this study although all the strains isolated from different anatomical sites have ability to 

form biofilms. He found that the Candida isolated from vaginal mucosa and urine produced 

the most strong biofilms whereas the Candida isolates from mouth were weak. The 

antifungal susceptibility of these isolates were checked it was found that the isolates form 

vaginitis and candiduria have the highest MIC. 
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Materials and Methods 

This research was carried out under the joint collaboration between the Department of 

Microbiology, Quaid-i-Azam University, Islamabad, Department of Pathology, Holy 

Family Hospital (HFH) and Combined Military Hospital (CMH), Rawalpindi. A part of 

this research was carried out in the Center of Medical Mycology, Case Western Reserve 

University, Cleveland, Ohio, USA. The specimens were collected from CMH and HFH 

during the period from January 2011 to December 2012.  

 

3.1 Sampling: 

Samples were collected from the patients either admitted in different wards i.e., Burn unit 

(BU), Medical Unit (MU), Medical Intensive Care unit (MICU), Gynecology (GYN), 

Pediatric (PD) and Surgical Unit (SU) of CMH and HFH or visited outpatient departments 

(OPDs) of the hospitals. The following types of specimens were included in the study: 

urine, high vaginal swabs (HVS), sputum, pus swabs, catheter tips, body fluids and stool. 

 

3.2 Subject population: 

Patients were identified from laboratory reports and the particular identification number 

was also given. Moreover patient’s medical record that includes demographic information 

(age, gender) and clinical data including specimen type and ward were obtained to study 

prevalence. 

 

3.3 Sample processing: 

Primary isolation of Candida species was done by inoculation on different media. Urine 

sample was cultured on Cysteine Lactose Electrolyte Deficient [(CLED) (Appendix I)] 

medium while HVS, sputum, pus, mouth swabs and catheter tips were cultured on 

Mackonkey agar (Appendix II) and Blood agar (Appendix III). All the media was 

purchased from Oxoid Chemicals, Basingstoke, UK. The Candida species were initially 

recognized on the basis of morphology (white, small, pin point colonies). Afterwards, all 
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the isolates were cultured on Sabouraud dextrose agar (SDA) plates (Appendix IV) 

supplemented with 0.5% chloramphenicol. 

  

3.4 Identification of Candida species: 

The Candida species were isolated under sterile conditions and characterized using 

established microbiological methods including colony morphology, microscopy, germ tube 

test (GTT), morphology on Chromagar, Corn meal agar and biochemical tests by API 20C 

AUX (BioMerieux™,France). 

3.4.1 Microscopy: 

Using sterile technique, heat fixed smears of isolated colonies were prepared on glass slide. 

The smear was stained with crystal violet and left for one minute. The slide was washed 

with tap water for five seconds and then air dried. The slide was then examined under 

microscope using immersion oil at 40 X magnification power. 

 3.4.2 Germ tube test: 

Germ tube test (GTT) was first described by Tasehdjian et al. (1960) to distinguish 

Candida albicans from non albicans Candida. About 1-2 ml of Fetal bovine serum [(FBS) 

(Hyclone, Utah)] was taken in test tube and inoculated with 2-3 small colonies of 24 hours 

fresh culture of Candida spp. to make a light suspension. These test tubes were incubated 

for 2-2.5 hours at 37oC. After incubation, a drop of suspension was placed over a slide and 

observed under microscope at low and high powers objectives. If germ tubes (germinating 

hyphae, short and aseptate) were seen on the slide under the microscope, test result was 

recorded as positive which confirmed the presence of C. albicans. Absence of germ tube 

was noted as negative result showing that non albican species of Candida is isolated from 

the sample. C. albicans ATCC 90028 was used as positive control. 

3.4.3 Morphology on Chromagar: 

Chromagar is a selective and differential medium used for the presumptive identification 

of different Candida species. Chromagar consists of mixture of substrates that include X-

NAG (5-bromo-4-chloro-3-indolyl-N-acetyl-β-D-glucosaminide) and BCIP (5-bromo-6-

chloro-3-indolyl-phosphate-p-toludine) salt to detect the activity of hexosaminidase and 

alkaline phosphatase respectively (Odds and Bernaerts, 1994). Chromagar media 
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(Appendix V) supplemented by 0.5% chloramphenicol was made by boiling in distilled 

water by continuous stirring to avoid lumps. The media was poured in sterile plates after it 

was cooled to 40oC. Chromagar plates were streaked with 24 hours fresh culture and 

incubated for 48-72 hours.  The color imparted to the colonies depends upon the specific 

enzymes which Candida species possess. Candida species giving different colors on 

Chromagar with their respective enzyme activity were interpreted as given in the table 3.1. 

 

3.4.4 Morphology on Corn meal agar (CMA) : 

Morphology of Candida species on the corn meal agar CMA (Appendix VI) was checked 

by Dalmau plate as described by Haley and Callaway, 1978. CMA plates (Becton, 

Dickinson and Co, MD, USA) were prepared with 1% tween 80 (Fisher Scientific, NJ, 

USA). A sterile loop was used to make three parallel lines over the CMA plates (Dalmau 

technique). These lines were 2 cm long and 1 cm apart from each other. A sterile cover slip 

was placed over the inoculated area and pressed a little. The plates were then covered with 

aluminum foil and kept at 30ºC for 72 hours. The plates were then examined using white 

light at 10X and 20X objectives for characteristic morphology. Results were interpreted by 

observing morphological characteristics such as hyphae, pseudohyphae (no septations), 

blastoconidia (round cells), and chlamydospores (swollen round cells).  The CMA test was 

used to study morphology as well as to obtain profile number from the API web-based 

database on the basis of presence or absence of hyphae. 
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Table 3.1 Differentiation of Candida species on the basis of colours on Chromogenic 

media 

 

Chromogenic 

substrate 

Active enzymes Typical colony 

appearance 

Candida species 

X-NAG Hexosaminidase Green Candida albicans 

 

BCIP Alkaline 

phosphotases  

Beige Candida glabrata 

X-NAG Hexosaminidase Blue Candida tropicalis 

 

BCIP Alkaline 

phosphatases 

Pink Candida krusei 

BCIP Alkaline 

phosphatases 

White Candida parapsilosis 
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3. 4 .5 Biochemical Identification: 

Candida isolates were identified by API 20C Aux (BioMerieux-France). API 20C Aux 

Candida identification system is a standardized method to identify Candida species by 

analyzing sugar assimilation profiles. A strip contains 20 micro wells containing 

dehydrated substrates. About 2-3 colonies of 24 hours fresh cultures of Candida were 

transferred in sterile saline solution and matched its turbidity to the 2.0 McFarland 

standard. 100µl of this standardized stock culture was added to an ampule of API 20C basal 

medium. The wells of the API 20C strips were inoculated in such a way that a concave 

surface is formed over each well. The inoculated API strip was placed in the API tray filled 

with water at 30ºC for 72 hours by covering with the lid provided by the manufacturer. 

After incubation for 72 hours, results were noted visually as positive and negative. The 

substrates giving positive results showed turbidity in the wells whereas negative reactions 

showed absence of any turbidity. A seven digit code generated by all of these reactions and 

hyphal formation on CMA plates was entered in API database (Version 4.0) to get 

identities. Identifications listed in the index as excellent, very good, or acceptable were 

considered as correct. 

3.5 Preservation of Candida isolates: 

All confirmed isolates were stored in 30% v/v glycerol broth at -80oC. The glycerol broth 

was prepared by adding 30 ml sterile glycerol in 70 ml Sabouraud dextrose broth and 

dispensed in 2 ml screw-capped sterile cryogenic vials. A triplicate copy of each strain was 

stored at -80oC till further tests. 

 

3.6 Antifungal susceptibility testing: 

The antifungal susceptibility pattern of Candida spp. against 3 groups of antifungals was 

determined by using Kirby-Bauer disc diffusion (DD) method by following the 

recommended guidelines of CLSI (M44-A, 2009) and Broth Microdilution method 

[(BMD) (M-27A)]. 
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3.6.1 Disk Diffusion Method (DD):  

Four antifungals which were tested in this study were Fluconazole, Voriconazole, 

Amphotericin B and Caspofungin. The antifungals with their specific potencies are shown 

in Table 3.2. The test medium Mueller-Hinton agar (MHA) supplemented with 2% glucose 

and methylene blue (0.5µg/ml) was prepared. Composition of MHA is given in Appendix 

VII.  About 2-3 small pure colonies were transferred from a 24 hours fresh culture to sterile 

saline (0.85% NaCl) to make a suspension whose turbidity was comparable to that of 0.5 

McFarland standard solution. The 0.5 McFarland standard solution was made by adding 

99.4 ml of 1% v/v sulphuric acid to 0.6 ml of 1% w/v barium chloride solution. It was 

stored in dark at room temperature (20-28oC). After standardizing inoculum sterile cotton 

swab was dipped in it and was pressed firmly inside the tube to remove excess inoculum. 

With this swab, inoculum was evenly spread on MHA plates by streaking in three different 

directions. The surfaces of plates were dried for short time (15 minutes) in the laminar flow 

hood and then antifungals impregnated disks of particular potencies were applied on MHA 

plates. The plates were incubated for 24-48 hours at 35oC.  After incubation, the 

susceptibility of antifungal drugs was established by measuring the zone of inhibition in 

mm. On the basis of zone diameter, the results were interpreted using CLSI (2010) standard 

guidelines and the isolates were classified into resistant, intermediate and sensitive (Table 

3.3).  
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Table 3.2 Antifungals for DD with their potency and class 

Antifungal Code Potency(µg) Manufacturer Class 

Fluconazole  FLU 25 µg Liofilchem Azoles  

Voriconazole  VOR  1µg Liofilchem Azoles  

Amphotericin  

B 

AMP 20µg Liofilchem Polyenes  

Caspofungin  CAS 5µg Liofilchem Echinocandins  

 

               

 

 Table: 3.3   Interpretation of zone diameters of different antifungals for DD 

 

 Anti-fungal drugs 

           Zone diameter   (mm) 

S SDD R 

Fluconazole ≥19 18-15 ≤14 

Voriconazole ≥17 16-14 ≤13 

Amphotericin ≥15 14-10 ≤10 

Caspofungin ≥10 - ≤11 

**S=Sensitive, SDD= Sensitive dose dependent, R= Resistant 
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3.6.2 Broth Microdilution Test (BMD): 

Broth micro-dilution (BMD) test was performed by microtitre plate method following the 

proposed guidelines of CLSI M-27A (2008). The base media for BMD as proposed by 

CLSI is RPMI 1640 (Appendix VIII) buffered with MOPS [3-(N-morpholino) 

propanesulfonic acid] and with glutamine, without bicarbonate, pH = 7.0. RPMI 1640 

(Hardy Diagnostics, Santa Maria, CA, USA) was prepared by passing through Nalgene 

filters Polyethersulfone (PES) membrane, 0.2 μm. Inoculum was prepared in sterile water 

by matching its turbidity to McFarland using a nephelometer. Final working concentration 

of inoculum i.e. 1 × 107 was made by adding 5 µl of inoculum to 5 ml RPMI- 1640.  

 

Fluconazole (Sigma Aldrich) is water-soluble so its stock solution was prepared by 

dissolving in sterile water. Voriconazole (Sigma Aldrich) and caspofungin (Merck) being 

water insoluble drugs so stock solutions of these drugs were made in DMSO. Final 

concentrations of amphotericin (16-0.025 𝜇g/mL), fluconazole (64–0.125 𝜇g/mL), 

voriconazole (16-0.025 𝜇g/mL) and caspofungin (32 –0.015 𝜇g/mL) were made in RPMI 

1640. Columns 11 and 12 of 96 well round bottom plate serve as growth controls and 

sterility controls, respectively. The 100 µl from the lowest concentrations of antifungal was 

dispensed into the wells of column 10. These steps are repeated for each final 

concentration, from lowest to highest concentration into columns 9 through 1, until all 

columns were filled. After preparation of plates, 100 µl of inoculum was added to each 

well except row twelve, which is sterility control. These plates were incubated at 35°C for 

24-48 hours for amphotericin, fluconazole and voriconazole and 24 hours for caspofungin. 

The Minimum Inhibitory Concentration (MIC50) was defined as the lowest concentration 

at which results in 50 % reduction in growth relative to the drug-free growth control after 

24 hours of incubation for caspofungin and 24-48 for azoles and amphotericin. For 

amphotericin B, the MIC endpoint was defined as the lowest drug concentration that 

resulted in a reduction in growth by 90% or more, compared with that of a drug-free growth 

control well. Quality control was performed by testing CLSI-recommended strains C. 

krusei ATCC 6258 and C. parapsilosis ATCC 22019. For AMB, the minimum inhibitory 

concentration (MIC) was considered as the concentration that inhibits 100% of fungal 
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growth. The CLSI has not determined breakpoints for AMB; the strains were considered 

susceptible when they had MIC ≤ 1.0µg/ml. The MIC breakpoints for fluconazole, 

voriconazole and caspofungin are interpreted according to CLSI guidelines and are given 

in table. 

 

 

 

Table 3.4: Interpretive Guidelines For In Vitro Susceptibility Testing of Candida 

Species against different Antifungal Agents*  

 

  

       Species 

MIC Range ( µg/mL) 

Fluconazole Voriconazole Caspofungin 

S SDD R S SDD R S I R 

C. albicans ≤ 2 4 ≥ 8 ≤ 0.12 0.25-0.5 ≥ 1 ≤ 0.25 0.5 ≥ 1 

C. tropicalis ≤ 2 4 ≥ 8 ≤ 0.12 0.25-0.5 ≥ 1 ≤ 0.25 0.5 ≥ 1 

C. glabrata - ≤ 32 ≥ 64 - - - ≤ 0.12 0.25 ≥ 0.5 

C. krusei -  - ≤ 0.5 1 ≥ 2 ≤ 0.25 0.5 ≥ 1 

C. parapsilosis ≤ 2 4 ≥ 8 ≤ 0.12 0.25-0.5 ≥ 1 ≤ 2 4 ≥ 8 

 

Abbreviations: I, Intermediate; MIC; Minimum inhibitory concentration; R, Resistant; S, 

Susceptible; SDD, Sensitive dose dependent. 

*Note: MIC of azoles are measured after 24 hours of incubation whereas for caspofungin 

it is recorded after 48 hours of incubation 
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3.7 Biofilm production: 

Biofilm (BF) is an important virulence factor so has a great role in development of 

resistance and progression of disease. The morphology of biofilms was examined by 

fluorescence microscopy and confocal laser scanning microscopy. Biofilms were 

quantified by dry weight determination (DW) and XTT assay. 

 

3.7.1 Biofilm formation: 

The 24 hours fresh cultures of the selected Candida isolates were grown in Yeast Nitrogen 

Base [(YNB) (Difco Laboratories, Detroit, Mich)]  supplemented with 50 mM glucose, in 

a shaking water bath (120 oscillation/min) at 37oC. The composition of YNB is given in 

Appendix IX. After 24 hours cells were collected by centrifuging the culture 4ºC at 3000 

rpm. These cells were washed thrice with phosphate buffer saline (PBS) (without calcium 

and magnesium) that was purchased from Cellgro, VA, USA. After three washings pellet 

of cells was re-suspended in PBS and cells were counted using hemocytometer (iNCYTO, 

Korea). A standard inoculum size (1×107cells/ml) was made by diluting in PBS. The 

volume of stock inoculum required to make working inoculum was calculated using the 

formula. 

N1V1=N2V2 

N1 = Average cell count × 104
 

N2 = 1 × 107 cells (Cell density for biofilms) 

V1 = Total volume of inoculum required to get 1 × 107 

V2 = Volume of PBS Cells used 

 

Silicone elastomer (SE) sheets (Invotec International, FL, USA) were used as a 

substrate for biofilm formation. The SE sheets were cleaned by washing 3 times each with 

hot tap water, 3 times with distilled water, and 3 times with sterilized Milli Q water. About 

1.5cm circular disks were cut out with the help of cork borer and then autoclaved.  Silicone 

elastomer discs were pretreated by incubation in fetal bovine serum (FBS) (Hyclone, Utah) 

for 24 hours at 37°C on a rocker table (Bellco Glass Inc., Vineland, NJ) in 12-well tissue 

culture plates (Becton Dickinson, Franklin Lakes, NJ) to ensure even continuous flow of 
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FBS over the surface of the SE discs. After 24 hours, the discs were transferred to a 12 well 

plate containing the standard inoculum 107 cells/ml for 90 min at 37oC without any rocking 

for adhesion phase. After adhesion phase the discs were gently transferred to new 12 well 

tissue culture plate containing 4ml yeast nitrogen base (YNB) with 50 mM glucose per 

well for biofilm formation and were incubated for 48 hours at 37°C on a rocker table (for 

biofilm formation). Candida albicans SC 5314 was used as a positive control. All assays 

were carried out in triplicate. 

 

3.7.2 Morphology of biofilms: 

The gross and 3D morphology of biofilms was studied by Fluorescence Microscopy (FM) 

and Confocal Scanning Laser Microscopy (CSLM), respectively. 

 

3.7.2.1 Fluorescence microscopy.  

The gross morphology of biofilm was studied by fluorescence microscopy as described 

earlier (Chandra et al., 2001a). SE discs with mature biofilms (48 hours) were transferred 

examined under a fluorescence microscope (ZVS-47E microscope; Carl Zeiss, Inc., 

Oberkochen, Germany) and images were captured immediately. 

 

3.7.2.2 Confocal Scanning Laser Microscopy (CSLM): 

Confocal microscopy was performed in order to study the architecture of mature biofilms. 

FUN-1(10µM) and concanavalin A-Alexa Fluor conjugate (CON-A; 25µg/ml) were used 

together to stain the biofilms as described earlier (Chandra et al., 2001b). The metabolically 

active cells convert the FUN-1TM (excitation wavelength, 543nm; emission, 560nm long-

pass filter) into orange-red cylindrical intravacuolar structures. CON-A (excitation 

wavelength, 488nm; emission, 505nm long-pass filter) gives green fluorescence by binding 

to the cell wall glucose mannose and polysaccharides structures. The biofilms were 

transferred to fresh 35mm petri dish containing 2 ml PBS solution containing 10 l CON-

A (from 5mg/ml stock) and 2 l FUN-1 (from 10 mM stock solution) in glass bottom 35 

mm petri dishes used for confocal microscopy. Each disc was incubated for 30-35 min at 

37°C incubator (no rocker). After incubation the solution was removed and biofilm flipped 
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in the same petridish and observed with a Zeiss LSM510 confocal scanning laser 

microscope (Carl Zeiss, Inc., Germany). 

 

3.7.3 Quantification of biofilm 

Biofilms were quantified by XTT assay for estimation of viable cells in biofilms and dry 

weight determination to quantify the whole biomass of BF. 

 

3.7.3.1 XTT assay 

 XTT salt[2,3-Bis-(2-Methoxy-4-Nitro-5-Sulfophenyl)-2H-Tetrazolium-5-Carboxanilide] 

was used for the quantification of biofilms following the method of Chandra et al. (2001a). 

XTT assay was carried out in the biological hood in the DARK. SE disc with biofilms were 

transferred to 12 well plate containing 4mL PBS. 50µL of XTT (1mg XTT/mL PBS) which 

was diluted from 5mg/ml XTT was added to each well along with 4µL 1mM menadione 

(diluted from 10mM menadione stock. Blank solution was prepared in the same way with 

XTT and menadione having sterile autoclaved SE disc without biofilm. Solutions were 

mixed gently without disturbing biofilms. These 12 well plates were covered with 

aluminum foil and were incubated for 5 hours at 37°C on a rocker. After 5 hours biofilms 

were scraped from SE disc by cell scraper (Falcon cell). Afterwards all 4 ml XTT/biofilm 

solution is centrifuged at 3000rpm for 5 min at 4°C. Absorbance of supernatant was 

measured at wavelength 492nm using spectrophotometer (Genesys 5; Spectronic 

Instruments, Rochester, NY) and dry weight is taken for rest of the solution. 

 

3.7.3.2 Dry Weight Determination.  

DW quantifies the total biofilm mass which includes all the fungal cells and the extra 

cellular matrix.  Biofilms were scraped off from the surface of the discs by using a cell 

scraper (Becton Dickinson, USA). Discs and scrapers were rinsed twice with PBS to 

remove left over biofilm. The material was collected by vacuum filtration of YNB 

suspension using a pre-weighted Nitro cellulose membrane filter having 0.22µm pore size 

(Millipore filter NC). This filter was dried for 36 hours in 37°C incubator. The dry weight 

of biofilm was calculated as the difference in weight (NC vs. NC+BF). 
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3.8 Antifungal susceptibility of Candida biofilms 

 Antifungal susceptibility of Candida biofilm was tested by 96 well microtitre plate method 

as done previously by Nweze et al. (2012). Antifungal susceptibility was tested against 

fluconazole and caspofungin.  

 

3.8.1 Biofilm formation 

Standard inoculum of 107cells/ml was made by diluting in PBS using a hematocytometer 

as described above. SE disc of 5mm size were cut through a cork borer. These were washed 

thrice with water and soap and autoclaved. These discs were pretreated in FBS for 24 hours 

at 37 ºC on a rocker table. For adhesion phase these pretreated 11 discs were transferred to 

another 12 well plate containing 107 cells /ml for 90 minutes. For blank one disc was 

immersed in PBS without cells in a separate 12 well plate. At each step discs are carefully 

transferred with the help of sharp sterile needle attached to a 100 units insulin syringe (BD). 

After adhesion phase these discs were transferred to 96 well plate containing 200 µl of 

YNB per well for the biofilm growth phase for 24 hours. 11 discs were added to each row 

as the 12th one is the blank. The 12 wells correspond to one type of strain. These 96 well 

plate were incubated at 37ºC for 24 hours for mature phase of biofilm 

 

  3.8.2 Antifungal susceptibility testing of biofilms 

Stock solution of fluconazole and caspofungin were made in water and DMSO 

respectively. Freshly drug plates of fluconazole and caspofungin were prepared having 

concentration range of  256-0.5 µg/ml and 32-0.063 µg/ml respectively. Each plate 

contained 100 µl of drug and 100 µl media. The discs from the mature phase were 

transferred to these drug plates for 24 hours and were incubated at 37ºC on a rocker table. 

After 24 hours fresh XTT and menadione solutions were made in dark in a laminar hood. 

50µL of XTT (1mg XTT/mL PBS) which was diluted from 5mg/ml XTT and 4µL 1mM 

menadione  (diluted from 10mM with PBS) were added to a falcon tube containing 4 ml 

of PBS. 200 µl of this solution was added to wells of a 96 well plate. The biofilm discs 

from the drug plates were transferred to drug plates and were incubated at 37 ºC for 90 

minutes. These plates were wrapped in aluminum foil before incubation. After 90 minutes 
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200 µl solution from each well was transferred to new plate. These plates were spun 3000 

rpm for 5 minutes at 4 ºC. After centrifugation 100 µL solution from each well was 

transferred into a new 96 well plate.  The optical density was measured by placing plate in 

the Microplate reader (Bio-Rad, Japan). The results were recorded in an excel sheet.  The 

reading by XTT–based assay was taken by comparing the percentage growth of the wells 

having no drug compared to the growth. The concentration that reduced the metabolic 

activity by ≥50% as compared with the growth control was taken as the minimum 

inhibitory concentration (MIC50). 

 

3.9 Statistical analysis: 

The results of the prevalence of Candida species and antifungal susceptibility tests 

were analyzed by  chi- square test SPSS VER.20. P value was calculated for statistical 

significance of results. p value < 0.05 was considered as significant. All the biofilm 

experiments were repeated done in three times in alternate days. The statistical analysis 

was done by a two-tailed Student’s t-test using software SPSS version 22 to analyze the 

results. The P value less than 0.05 was considered as significant. 
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RESULTS 

4.1 Isolation of Candida species 

A total of 456 Candida species were isolated from the outdoor and indoor patients of HFH 

(Holy Family Hospital, Rawalpindi, Pakistan) and CMH (Combined Military Hospital, 

Rawalpindi, Pakistan) from January 2011 to December 2012. 303 Candida positive isolates 

were collected from HFH and 153 from CMH, respectively. Samples were collected from 

the patients having previous complains and symptomatic infections. These samples were 

collected from Burn unit (BU), Medical Unit (MU), Medical Intensive Care unit (MICU), 

Gynecology (GYN), Outdoor Patient Department (OPD), Pediatric (PD), Surgical Unit 

(SU) and Urology (URG). Clinical specimens from which these strains were isolated 

include urine, high vaginal swabs (HVS), sputum, pus swabs, catheter tips, body fluids and 

stool samples. The following data were recorded: sex, age, and patient location at the time 

of Candida detection. 

4.2 Identification of Candida species 

Initially, Candida species were identified by colony morphology. The cultures having dry, 

white to creamy color, pinpoint, opaque and fluffy colony morphology on SDA, CLED 

and blood agar were suspected as Candida species (Fig 4.1). Species-specific identification 

was made by GTT and studying colony color and characteristics on chromagar and 

cornmeal agar and sugar fermentation profile by API Aux 20 C. 

4.2.1 Microscopy on Gram’s staining. 

Candida species stained purple on gram staining. The blastospores of Candida isolates 

were visualized as purplish-blue elliptical cells, after simple gram staining under 

microscope shown in Figure 4.2. 
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Fig 4.1: Colony Morphology of Candida species on SDA. Candida colonies are pointed, 

opaque, round and have smooth margins. 

 

 

Fig 4.2: Gram staining of Candida species. Yellow encircled area shows budding 

yeast. 
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4.2.2 Germ tube test 

The results of the germ tube test showed that 57% (n=260/456) species were germ tube 

positive and were recognized as albican species of Candida. About 43% (n=196/456) 

species did not produce germ tube and were recognized as non albican species of Candida. 

8 strains of Candida tropicalis gave false positive results for Candida albicans. False 

negative results were observed for 4 species of C. albicans. The sensitivity and specificity 

of this method for Candida albicans was 98.4% and 96.2 %, respectively. 

 

Fig 4.3: Differntiation between albicans and non albicans Candida (a) Germ tube 

positive as indicated by arrow (Candida albicans) (b) Germ tube negative (Non 

albicans Candida) 

  

4.2.3 Colony morphology on Chromagar 

Varied morphology and colony color of Candida species was seen on chromagar after 48-

72⁰C hours of incubation. According to our results 255 species of Candida produced green 

colored colonies and were identified as C. albicans. There were 2 species of C. tropicalis 

that gave false positive results for C. albicans. There were 119 strains that produced blue 

colored colonies and were identified as C. tropicalis while 2 strains of C. albicans were 

false positive for C. tropicalis (Fig. 4.2). The strains having dry, flat with white edged pink 

colored colonies were recognized as C. kruseii (n=17) after 48-72 hours of incubation. 

b a 
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About 41 strains produced brown colored small colonies which were classified as C. 

glabrata. There were 15 strains that produced shades of white color representing C. 

parapsilosis. Four strains were not identified by this method. Most of the C. glabrata 

strains gave false positive results for C. parapsilosis. 4 species were not identified by 

chromagar. Chromagar was correctly identified 98.4%, 97.5%, 71.6 %, 100% and 66.7 % 

of C. albicans, C. tropicalis, C. glabrata, C. kruseii and C. parapsilosis species, 

respectively. The specificity and sensitivity of chromagar turned out to be 98.8% and 

97.9% for C. albicans, 96.6% and 98.7% for C. tropicalis, 80.8% and 99.4% for C. 

glabrata and, 75% and 98.8% for C. parapsilosis. Chromagar has 100% sensitivity and 

specificity for C. kruseii. About 3.5% (n=15) of Candida species remain unidentified by 

this method. 

4.2.4. Morphology on corn meal agar. 

On corn meal agar Candida albicans produced round chlamydospores, which is the 

distinguishing feature of C. albicans (Fig. 4.4a). Strains of C. tropicalis produced abundant 

psuedohyphae with teardrop shaped blastoconidia (Fig. 4.4b). Isolates of C. kruseii 

exhibited rice grain shaped morphology. Isolates of C. glabrata 53/456 did not produce 

any hyphal structures and thus were seen as blastopsores clustered together. Clinical strains 

of C. parapsilosis formed clusters of psuedohyphae resembling a tree with lots of 

intermingled branches.  
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Table 4.1: Distribution of Candida species according to the colony color 

Candida 

species 

Green Blue Brown Pink White 

C. albicans 250 3 - - - 

C. tropicalis 4 115 - - - 

C. glabrata - 1 38 3 5 

C. kruseii - - - 17 - 

C. parapsilosis - - 2 - 6 



Chapter 4                                                                                                                                  Results                                                                                                                  
 

  56 
 

 

Fig 4.4: Morphology of Candida species on corn meal agar  (a) Candida albicans 

produces round chlamydospores (b) Candida tropicalis displays tear drop blastospore 

(c) Candida glabrata produces no hyphal structures(d) Candida kruseii has rice shaped 

blastospores (e) Candida parapsilosis displays network of abundant pseudohyphae 

morphology. 

 a 

a 

 

aa

a 

b 

c d 

e 
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4.2.5 API 20C Aux  

The sugar assimilation tests by API 20C Aux yeast identification panel was performed in 

order to identify all of the isolated strains. The total seven digits code was obtained by the 

combined results of carbohydrate fermentation tests and hyphal formation on corn meal 

agar. Among 456 isolated strains, API 20C Aux identified 256, 121, 53, 17 and 9 strains 

as Candida albicans, C. tropicalis, C. glabrata, C. kruseii and C. parapsilosis, respectively, 

with more than 90% discrimination. None of the strain remained unidentified by this method. The 

specificity and sensitivity of this method was found 100%. 

 

4.3 Demographic data analysis: 

4.3.1 Gender wise distribution of Candida species 

Out of total 456, 289 (63.4%) and 167 (36.6%) of Candida species were isolated from 

females and males, respectively (Fig 4.5). Thus candidiasis was found significantly more 

common in females (p value = 0.007). The distribution of different Candida species in 

males and females is shown in the table 4.1. It was noticed that C. albicans was the most 

prevalent among all the species of Candida. The results showed that C. albicans, C. 

tropicalis and C. kruseii were significantly higher in females whereas the difference 

between other species was not significant (Table 4.2). In the individual gender groups, it 

was seen that there was higher percentage of C. tropicalis, C. parapsilosis and C. glabrata 

in males group as compared to females group (Fig 4.6). 
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Figure 4.5: Gender wise distribution of Candida species. Female patients are    

dominant over male patients 

 

 

 

                         Table 4.2: Gender wise distribution of different Candida species 

Candida species 
Females 

n (%) 

Males 

n (%) 
      p  value 

Candida albicans 171 (66.7) 85(33.3) 0.0008 

Candida tropicalis 73(60.3) 48(39.6) 0.0383 

Candida glabrata 29(54.7) 24(45.3) 0.347 

Candida kruseii 12(70.6) 5(29.4) 0.0003 

Candida parapsilosis 4(44.5) 5(55.5) 0.268 

Total 289(63.4) 167(36.6) 0.0073 

 

 

 

Female 63.4%
(n=289)

Male 36.6%
(n=167)
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                      Fig 4.6: Distribution of Candida species in individual gender groups.   

Ca: Candida albicans; Ct: Candida tropicalis; Cg: Candida glabrata; Ck: Candida 

krusei; Cp: Candida parapsilosis 

 

4.3.2 Distribution of Candida infections in different age groups: 

The age of patients ranged from 1 month to 89 years. Patient’s age were divided into five 

groups. Highest rate of infection was found in age group 21-40 years followed by the rest 

of groups, clearly shown in Fig, 4.7. Gender wise distribution showed that females were 

significantly higher in number in age group 21-40 years followed by 41-60 years group (P 

value < 0.05). In ≥ 80 years age group males were greater than females but this difference 

was not statistically significant (Fig, 4.8). The distribution of different Candida species is 

also shown in Fig 4.9. Statistical analysis of data showed that C. albicans and C. tropicalis 

is significantly higher (P value < 0.05) from all the other species in all the age groups 

excluding the group of oldest patients i.e., ≥ 80 years. 

Ca
51%

Ct
29%

Cg
14%

Ck
3%

Cp
3%Male

Ca
60%

Ct
25%

Cg
10%

Ck
4%

Cp
1%

Female
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Fig 4.7: Distribution of Candida species among patients with different age groups. 

Maximum number of patients fall in 21-40 years age group. 

 

 

 

Fig 4.8: Gender wise distribution of Candida species among patients with different 

age groups. Female  patients are dominant ia most of the age groups especially in 

21-40 years age group 
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Fig 4.9:  Species distribution of Candida species in different age groups. Ca: Candida 

albicans; Ct: Candida tropicalis; Cg: Candida glabrata; Ck: Candida krusei; Cp: 

Candida parapsilosis 
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4.3.3 Distribution Candida infections in different  specimen types: 

The results showed that maximum number of Candida species was isolated from urine 

(35.3%) followed by high vaginal swabs (29%) as shown in figure 4.10. Candida species 

were isolated almost in equal number from sputum (11.4 %), pus (7.7 %) and central 

venous catheters (9.4 %). Candida species were also isolated from wounds (4%), body 

fluids (2.2%), ear swab (n=2), nasal swab (n=1), stool samples (n=2) and nail clippings 

(n=1). C. albicans and C. tropicalis were isolated from all kind of specimens. C. glabrata 

was not recovered from wounds and peritoneal fluids. C. kruseii was only isolated from 

HVS, urine, wounds and nasal swab. C. paraosilosis were mainly recovered from CVC, 

urine, and body fluids. C. parapsilossis was not isolated from high vaginal swabs, pus and 

wounds. Candida species were isolated in significantly higher number from urogenital 

parts (P value < 0.05) as compared to other body sites. Distribution of CA and NAC in 

different specimen type showed that significant difference between CA and NAC was seen 

only in case of sputum samples (P value = 0.0003). 

4.3.4 Distribution of Candida species among different wards: 

The distribution of Candida species in different wards is shown in the Fig 4.12. Maximum 

number of Candida species were recovered from the general Medical Unit (MU) (33%) 

and Gynecology ward (GYN) (28%), followed by Medical Intensive Care Unit 15%, 

Surgical ward 7%, Pediatric ward 6%, Outdoor patient department (OPD) 6%, Urology 

Unit 3% and Burn Unit 2% (Fig, 4.12). C. albicans were predominant in MU, GYN, SU 

and URG while non-albicans Candida were more prevalent in Burn, ICU, Pediatric and 

OPD wards (Fig, 4.13). It was seen that the difference between the C. albicans species and 

NAC was found significant only in case of medical unit (P < 0.05). Separately, C. albicans 

and C. tropicalis were present in all the wards. C. glabrata was not reported from BU and 

PD. No Candida kruseii was isolated from SU and URG. Majority of the C. parapsilosis 

were isolated from PU and ICU. Detailed analysis of the results showed that C. albicans 

were received significantly higher number from GYN and MU (Table 4.4). In all the other 

wards there was no significant difference between CA and other species (P > 0.05). 
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Fig 4.10:  Distribution of Candida species in different specimens. Maximum number 

of  Candida isolates are recovered from urinogenital sites. 

 

 

 

Fig 4.11: Distribution of Candida albicans and Non albicans Candida in different 

specimens. Candida albicans are mostly dominat over Non albicans Candida. 
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Table 4.3 Species wise distribution of Candida species in different specimens 

 

Species 
Fluid

s 

CV

C 

HV

S 

Pu

s 

Sputu

m 

Urin

e 

Woun

d 

Other

s 

Tota

l 

Candida albicans 
7 22 76 22 39 81 7 2 256 

Candida tropicalis 
1 15 25 9 9 53 8 1 121 

Candida glabrata 
0 3 23 4 3 19 0 1 53 

Candida kruseii 
0 0 9 0 0 6 1 1 17 

Candida 

parapsilosis 2 3 0 0 1 2 0 1 9 

Total 10 43 133 35 52 161 16 6 456 

 

 

  

Fig 4.12: Distribution of Candida species in different wards.  Most of the samples are 

isolated from MU and GYN. 
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Fig 4.13: Distribution of Candida albicans and Non albicans Candida in different 

wards. CA: Candida albicans; NAC: Non Albicans Candida. 

 

 

Table 4.4:  Species wise distribution of Candida species in different wards 

Species Burn GYN ICU MU OPD PD SU URG 

Candida albicans 5 76 33 93 10 12 18 9 

Candida tropicalis 4 25 19 43 10 8 9 3 

Candida glabrata 0 23 13 12 1 0 3 1 

Candida kruseii 1 9 1 2 2 2 0 0 

Candida parapsilosis 1 0 3 0 0 4 1 0 

Total 11 133 69 150 23 26 31 13 
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4.4 Antifungal Susceptibility testing 

A total of 456 clinical isolates of Candida species were tested for antifungal susceptibility 

against four antifungal drugs namely, amphotercin B, fluconazole, voriconazole and 

caspofungin. The antifungal susceptibility of Candida species was tested by disc diffusion 

(DD) and Broth Micro Dilution Method (BMD) [(Fig. 4.14a and 4.14b)]. The later method 

was particularly used to find out the MIC of the antifungal agents against each strain. 

Results of the antifungal susceptibility showed that majority of the strains were susceptible 

to all the tested antifungal agents. It was noted that 9% (n=43) of the isolated Candida 

strains were resistant to one or more antifungal agents. Thus, 91% (n=413) of the Candida 

species were susceptible to all the tested antifungal drugs as shown in figure 4.15. 

 

4.4.1 Prevalence of antifungal resistance in both genders 

The results of the antifungal susceptibility showed that the rate of resistance was high in 

female [56%(n=24)] as compared to male patients [44%(n=19)]. However, separate 

investigation of each gender showed that resistance was more common in male patients 

(11.4%) as compared to females (8.3%) as shown in table 4.5. In females more than 90% 

of the Candida species were susceptible whereas in males 88.8% were susceptible. Still, 

the difference in the patterns of resistance in both genders was not found statistically 

significant. In females, Candida kruseii was dominant among the resistant strains. In males, 

highest number of resistant strains were of C. glabrata (Table 4.5).  
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Fig 4.14: Antifungal susceptibility test against Candida species (a) Disk diffusion 

method (b) Broth microdilution method 
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Fig 4.15: Percentage of susceptible Candida species against different antifungal 

agents. Most of the Candida species are found sensitive to all antifungal drugs. 

 

Table 4.5: Gender wise antifungal susceptibility profile of Candida species 

Candida species 

 

Females 

n (%) 

Males 

n (%) 

S R S R 

     

Candida albicans 168(58.1) 3(1) 82(49.1) 3(1.8) 

Candida tropicalis 70(24.2) 3(1) 44(26.3) 4(2.4) 

Candida glabrata 24(8.3) 5(1.7) 18(10.8) 6(3.6) 

Candida kruseii - 12(4.2) - 5(3) 

Candida parapsilosis 3(1) 1(0.4) 4(2.4) 1(0.6) 

Total 265 (91.7) 24(8.3) 148 (88.6) 19(11.4) 

 

 

Resistant
9%

Sensitive
91%
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4.4.2 Prevalence of antifungal resistance in different specimen types 

The frequency of resistant strains in different specimen is shown in table 4.6. It was noted 

that highest number of resistant strains were isolated from HVS 38% (n=16) followed by 

urine 31% (n=13), CVC 19% (n=8), pus 5% (n=2), sputum 3% (n=1), wounds 2% (n=1) 

and others 1% (n=16). Individual exploration of each specimen type showed that resistance 

was more common in the group of samples isolated from the central venous catheters 

18.6% (n=8/43), followed by HVS 12% (n=16/133), urine 8.7% (13/161), wounds 6.3% 

(n=1/16), pus 5.7% (2/35) and sputum 2% (n=1/52), respectively. Resistance was not found 

in the clinical strains of Candida species isolated from body fluids (data not included in 

table 4.6). In samples obtained from CVC, resistance was noted in all 5 types of Candida 

species. All strains of C. glabrata, isolated from CVC exhibited resistance. A single 

resistant strain of both Candida albicans and Candida tropicalis was isolated from pus 

samples; on the other hand, all C. glabrata isolates were found sensitive in the same 

samples. Resistance in sputum samples was quite uncommon and only noted in C. 

glabrata. C. parapsilosis from urine samples, showed no resistance against all antifungal 

drugs. Hence, it was noted that resistance was significantly more common in CVC samples 

as compared to pus, sputum and urine samples (P value <0.05). 
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Fig 4.16: Distribution of resistance strains of Candida species according to different 

specimen types.  Most of the resistance strains were reported from HVS, urine and 

CVC. 
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Table 4.6: Antifungal susceptibility pattern in different specimen type 

Species 

 Specimen type (n) 

 

CVC 

(43) 

HVS 

(133) 

Pus 

(35) 

Sputum 

(52) 

Urine 

(161) 

Wound 

(16) 

Others 

(6) 

S R S R S R S R S R S R S R 

               

C. albicans 

 

21 

(48.8) 

 

1 

(2.3) 

74 

(55.6) 

2 

(1.5) 

21 

(60) 

1 

(2.8) 

39 

(75) 

- 79 

(49) 

2 

(1.2) 

7 

(43.7) 

- 2 

(33.3) 

- 

C. tropicalis 

 

13 

(30.2) 

 

2 

(4.6) 

23 

(17.3) 

2 

(1.5) 

8 

(22.8) 

1 

(2.9) 

9 

(17.3) 

- 51 

(31.8) 

2 

(1.2) 

8 

(50) 

- 1 

(16.7) 

- 

C. glabrata 

 

- 3 

(6.9) 

20 

(15) 

 

3 

(2.3) 

4 

(11.4) 

- 2 

(3.8) 

1 

(2) 

15 

(9.3) 

4 

(2.5) 

  - - 1(16.7) - 

C. krusei 

 

- - - 

 

 

9 

(6.8) 

- - - - - 6 

(3.7) 

- 1 

(6.3) 

- 1 

(16.7) 

C. parapsilosis 

 

1 

(2.3) 

2 

(4.6) 

- - - - 1 

(1.9) 

- 2 

(1.2) 

- - - 1 

(16.6) 

- 

Total 

 

35 

(81.3) 

8 

(18.7) 

117 

(87.9) 

16 

(12.1) 

33 

(94.3) 

2 

(5.7) 

51 

(98) 

1 

(2) 

147 

(91.3) 

13 

(8.7) 

15 

(93.7) 

1 

(6.3) 

4 

(83.3) 

1 

(16.7) 
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4.4.3 Prevalence of antifungal resistance in different wards: 

The results of the antifungal susceptibility showed that highest number of resistant strains were 

isolated from Gynecology ward (n=16) followed by intensive care unit (n=9), medical unit 

(n=6), outdoor patient department (n=3), pediatrics (n=3), surgical unit (n=3), burn unit (n=2), 

and urology unit (n=1). Individual analysis of each hospital unit showed that the highest 

percentage of resistance was observed in BU (18.2%) followed by ICU (13%), OPD (12.9%), 

GYN (12.1%), PD (11.5%), SU (9.7), URG (7.7%) and MU (4%). Candida albicans and 

Candida parapsilosis isolated from burn unit were found sensitive to all antifungal agents. The 

resistance was noted in all Candida species obtained from GYN and ICU wards. Candida 

glabrata was found to be the most resistant species in isolated collected from ICU. Drug 

resistant strains of Candida glabrata and Candida krusei were reported from OPD patients, 

whereas Candida albicans and Candida kruseii from pediatrics. A single resistant isolate of C. 

albicans, C. tropicalis and C. glabrata each, was isolated from surgical unit. 92.3% of the 

Candida species isolated from urology unit were found sensitive while a single isolate of C. 

tropicalis was resistant to antifungal drugs. Comprehensive study of the results revealed that 

rate of resistance in MU was significantly lower than all the other wards except the SU and 

URG (P value <0.05). There was no significant difference in the resistance patterns of Candida 

species among different wards with only exception of BU and URG.  
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Table 4.7 Antifungal susceptibility pattern in different wards 

Species 

Wards

BU 

(9) 

GYN 

(133) 

ICU 

(69) 

MU 

(150) 

OPD 

(23) 

PD 

(26) 

SU 

(31) 

URG 

(13) 

S R S R S R S R S R S R S R S R 

C. albicans 5 

(45.5) 

- 74 

(55.6) 

2 

(1.5) 

32 

(46.4) 

1 

(1.4) 

92 

(61.3) 

1 

(0.6) 

10 

(43.4) - 

11 

(42.3) 

1 

(3.8) 

17 

(54.8) 

1 

(3.2) 

9 

(69.2) 

- 

C. tropicalis 3 

  (27.2) 

1 

(9.1) 

23 

(17.3) 

2 

(1.5) 

18 

(26.1) 

1 

(1.4) 

42 

(28) 

1 

(0.6) 

10 

(43.4) 

 - 8 

(30.8) 

- 8 

(25.8) 

1 

(3.2) 

2 

(15.4) 

1 

(7.7) 

C. glabrata - - 20 

(15) 

3 

(2.3) 

9 

(13.1) 

4 

(5.7) 

10 

(6.7) 

2 

(1.4) 

1 

(4.3) 

1 

(4.3) 

  - - 2 

(6.5) 

1 

(3.2) 

1 

(7.7) 

- 

C. krusei - 1 

(9.1) 

- 9 

(6.8) 

- 1 

(1.4) 

- 2 

(1.4) 

- 2 

(8.6) 

- 2 

(7.7) 

- - - - 

C. 

parapsilosis 

1 

(9.1) 

- - 1 

(1.4) 

2 

(2.8) 

- - - - 4 

(15.4) 

- 1 

(3.2) 

- - - 

Total 
9 

(81.2) 

2 

(18.2) 

117 

(87.9) 

16 

(12.1) 

60 

(87) 

9 

(13) 

144 

(96) 

6 

(4) 

21 

(91.1) 

3 

(12.9) 

23 

(88.5) 

3 

(11.5) 

28 

(90.3) 

3 

(9.7) 

12 

(92.3) 

1 

(7.7) 
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4.4.4 Antifungal susceptibility Profile of different Candida spp: 

The results of the antifungal susceptibility testing are showed in table 4.8. Comparison of the 

susceptibilities of different species revealed that Candida albicans was the most sensitive 

species with 97.3% suceptibility. Candida kruseii turned out to be the most resistant species 

exhibiting 100% resistance followed by Candida glabrata (20.8%), Candida parapsilosis 

(11.1%), Candida tropicalis (2.7%) and Candida albicans (2.3%). Although strains of C. 

albicans were more susceptible than C. tropicalis but this difference was found statistically 

non-significant. It was found that resistance was significantly higher in Candida kruseii as 

compared to all other species (P value < 0.05). Detailed analysis of the results revealed 

significantly higher resistance in Candida glabrata as compared to Candida albicans and 

Candida tropicalis (P value = 0.0001). Only one strain of C. parapsilosis was found resistant 

(11.1%) to the two antifungal agents. The rate of resistance in C. parapsilosis was significantly 

higher than C. albicans and C. tropicalis. 

4.4.5 Antifungal susceptibility pattern of Amphotericin 

The results of antifungal suceptibilty test showed that amphotericin was very effective against 

Candida species with 99.6% susceptibility rate. It was found that only 1 Candida isolate from 

each C. tropicalis and C. parapsilosis showed resistance against amphotericin (Table 4.9). The 

remaining species showed complete sensitivity to this antifungal. However, when the DD and 

BMD methods were compared, it was seen that 6 strains were found resistant against 

amphotericin by the former method. Thus the percentage agreement between both the methods 

was found highest for Candida glabrata (100%) and lowest for the Candida parapsilosis 

(88.8%). Overall, the agreement for both the methods was found 98.2%. When the MIC of 

different species was compared by the BMD method, it was seen that almost all the strains 

have very low MIC values. However, strains of Candida parapsilosis showed higher MIC 

values (0.5-1 µg/ml), still being susceptible as shown in table 4.10.  

.
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Table 4.8: Antifungal susceptibility pattern of different Candida species 

Candida tropicalis Candida glabrata Candida kruseii Candida parapsilosis

n=121 n=53 n=17 n=9

n(%) n(%) n(%) n(%)

S I R S I R S I R S I R S I R

Amphotericin 256(100) 0 0 120(99.1) 0 1(0.9) 53(100) 0 0 15(88.2) 1(5.9) 1(5.9) 8(88.8) 0 1(11.2)

Fluconazole 249(97.3) 1(0.4) 6(2.3) 114(94.2) 3(2.5) 4(3.3) 43(81.1) 3(5.7) 7(13.2) 0 0 17(100) 9 0 0

Voriconazole 255(99.6) 0 1(0.4) 119(98.3) 0 2(1.7) 49(92.4) 1(1.9) 3(5.7) 14(82.4) 2(11.7) 1(5.9) 9(100) 0 0

Caspofungin 256(100) 0 0 118(97.3) 1(0.9) 2(1.8) 42(79.3) 7(13.2) 4(7.5) 17(100) 0 0 8(88.9) 0 1(11.1)

TOTAL 249(97.3) 1(0.4) 6(2.3) 110(91) 4(3.3) 7(2.7) 32(60.3) 10(18.9) 11(20.8) 0 17 (100) 8(88.9) 0 1(11.1)

Candida albicans

n=256

n(%)

 Antifungal agents
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Table 4.9 : Comparison of Results of DD and BMD against amphotericin 

Table 4.10: Distributions of MIC (µg/ml) of amphotericin against Candida species 

Candida species 

(n) 

        MIC  µg/ ml 

16 8 4 2 1 0.5 0.25 0.125 0.063 

C. albicans (256)  -  - - - - - 1 1 254 

C. tropicalis (121)  -  -  - 1 2 1 1 1 115 

C. glabrata (53)  -  -  - - - - 1 3 49 

C. kruseii (17)  -  -  -  -  -  - 1 2 14 

C. parapsilosis (9)  - -  - 1 3 3 1 1 - 

        Candida species 

DD   (mm)               BMD  (µg/ml) 

Agreement 

% 

S R S R 

≥ 15mm NZ ≥ 2         ≤2 

Candida albicans n=256 255(99.6) 1(0.4) 256(100) 0 99.6 

Candida  tropicalis n=121 119(98.3) 2(1.7) 120(99.1) 1(0.9) 98.3 

Candida glabrata n = 53 53(100) 0 53(100) 0 100 

Candida kruseii n=17 16(94.1) 1(5.9) 17(100) 0 94.1 

Candida parapsilosis n=9 7(77.6) 2(22.4) 8(88.8) 1(11.2) 88.8 

Total n =456 450(98.7) 6(1.3) 454(99.6) 2(0.4) 98.2 
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4.4.6 Antifungal susceptibility pattern of fluconazole 

The results indicated high rate of resistance to fluconazole i.e., 7.5% (n=34) against all 

Candida species (Table 4.11). Whereas 1.5 % (n=7) of Candida isolates were found sensitive 

dose dependent against fluconazole. The highest rate of resistance against fluconazole was 

observed in case of C. kruseii (100%) followed by C. glabrata (13.2%), C. tropicalis (3.3%)   

and C. albicans (2.3 %). All the strains of C. parasilosis exhibited complete sensitivity against 

fluconazole. Statistical analysis showed that C. kruseii was significantly more resistant than 

any other isolated species of Candida. Although the rate of resistance in Candida glabrata was 

high as compared to C. albicans and C. tropicalis but this difference in resistance was found 

significant only in case of C. albicans (P value < 0.05). Comparison of DD and BMD methods 

of antifungal susceptibility showed that highest agreement between both the methods was 

found for Candida albicans (92.1%) whereas the lowest agreement was found for Candida 

glabrata (54.7%). This suggests that DD method is most suitable for C. albicans and least for 

C. glabrata against fluconazole. Overall both the methods have a percentage agreement of 91.2 

% (Table 4.11). The results MIC against Candida species, obtained by BMD method, showed 

that Candida kruseii have the highest MIC (≥ 64 µg/ml) as shown in table 4.12. The MIC 

values for Candida glabrata against fluconazole were also very high mostly ranging between 

8-2 µg/ml despite being susceptible. Most of the strains of Candida tropicalis have lower MIC 

values, mostly ranging between 2-0.5 µg/ml. Candida albicans was the species having the 

lowest MIC values and least resistant strains. 
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Table 4.11: Comparison of Results of DD and BMD against fluconazole 

Candida species 

DD  (mm) BMD (µg/ml) 

Agreement 

(%) 

S S-DD R S S-DD R 

≥19 18-15 ≤  14 ≤ 8 16-32 ≥ 64 

Candida albicans n=256 243(95) 2(0.8) 11(4.2) 249(97.3) 1(0.4) 6(2.3) 92.1 

Candida  tropicalis n=121 100(82.7) 3(2.5) 18(14.8) 114(94.2) 3(2.5) 4(3.3) 84.3 

Candida glabrata n = 53 24(45.3) 5(9.4) 24(45.3) 43(81.1) 3(5.7) 7(13.2) 54.7 

Candida kruseii n=17 2(11.8) 2(11.7) 13(76.5) 0 0 17(100) 76.4 

Candida parapsilosis n=9 8(88.8) 1(11.2) 0 9 0 0 88.8 

Total n=456 396(86.8) 13(2.8) 66(14.4) 415(91) 7(1.5) 34(7.5) 91.2 

Table 4.12: Distributions of MIC (µg/ml) of fluconazole against Candida species 

Candida species 

(n) 

        MIC  µg/ ml 

64 32 16 8 4 2 1 0.5 0.25 

C. albicans (256) 1 3 1 1 2 2 10 98 136 

C. tropicalis (121) 4 2 1 4 9 36 32 25 8 

C. glabrata (53) 7 3 1 7 12 18 3 2 - 

C. kruseii (17) 17 - - - - - - - - 

C. parapsilosis (9) - - - - - 2 3 4 - 
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4.4.7 Antifungal susceptibility pattern of Voriconazole 

The results of antifungal susceptibility tests of Candida species against voriconazole showed 

that it was a very active drug with 98.1% sensitivity (Table 4.13). The most susceptible species 

was Candida parapsilosis with 100% susceptibility followed by Candida albicans (99.6%), 

Candida tropicalis (98.3%), Candida glabrata (94.3%), and Candida krusei (94.1%). The 

majority strains of Candida kruseii which were highly resistant against fluconazole showed 

susceptibility towards voriconazole. All the resistant strains of Candida glabrata showed cross 

resistance against voriconazole. Resistance against voriconazole in Candida glabrata and 

Candida kruseii was significantly higher than Candida albicans (P value < 0.05). Statistical 

analysis of the results showed that there was no significant difference in the susceptibilities of 

different species of Candida against voriconazole. Comparison of DD and BMD methods of 

susceptibility tests showed that highest agreement between both the methods was found for 

Candida parapsilosis (100%) whereas the lowest was found for Candida glabrata (71.7%) as 

shown in table 4.13. Overall the agreement between both the methods was 93.6%. Thus DD 

method was least authentic for Candida glabrata. The results of the BMD revealed that the all 

the Candida species have very low MIC values against voriconazole as shown in table 4.14. A 

large number of strains have MIC value below than 0.063 µg/ml. Majority of the strains of 

Candida glabrata have MIC equal to 0.125 µg/ml. It was seen that almost 90% of the Candida 

albicans have MIC lower than or equal to 0.063 µg/ml. More than 50 % of Candida tropicalis 

have MIC lower than or equal to 0.063 µg/ml. 
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Table 4.13: Comparison of results of DD and BMD against voriconazole 

   Candida species  

    DD mm BMD µg/ml 

Agreement (%) S S-DD R         S S-DD R 

≥ 17) 14-16 ≤13 ≤ 1 2 ≥ 4 

Candida albicans n=256 250(97.6) 2(0.8) 4(1.6) 255(99.6) 0 1(0.4) 98 

Candida  tropicalis n=121 112(92.5) 2(1.7) 7(5.7)) 119(98.3) 0 2(1.7) 95.8 

Candida glabrata n = 53 35(66) 5(9.4) 13(24.6) 49(92.4) 1(1.9) 3(5.7) 71.7 

Candida kruseii n=17 12(70.6) 1(5.9) 4(23.5) 14(82.4) 2(11.7) 1(5.9) 82.4 

Candida parapsilosis n=9 9(100) 0 0 9(100) 0 0 100 

TOTAL 

418(91.7) 10(2.2) 28(6.1) 447(98.1) 2(0.4) 7(1.5) 93.6 

Table 4.14: Distribution of MIC (µg/ml) of voriconazole against Candida species 

Candida species 

(n) 

        MIC  µg/ ml 

16 8 4 2 1 0.5 0.25 0.125 0.063 <0.063 

C. albicans (256) - - - - 1 - - 27 72 156 

C. tropicalis (121) - - - - 2 - - 56 38 25 

C. glabrata (53) - - 1 2 - - 1 36 13 - 

C. kruseii (17) - - - 1 - 1 1 10 4 - 

C. parapsilosis (9) - - - - - - - 4 2 3 
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4.4.8Antifungal susceptibility pattern of caspofungin 

Caspofungin was found a quite effective antifungal drug with a susceptibility rate of 96.7% as 

shown in table 4.15. Candida kruseii and Candida albicans were found the most susceptible 

species exhibiting 100% sensitivity followed by C. tropicalis (97.3%), C. parapsilosis (88.9%) 

and C. glabrata (79.3%), as shown in table 4.15. Candida glabrata has the highest percentage 

of resistant and intermediate strains against this drug. Statistical analysis of the results showed 

that the rate of resistance of Candida parapsilosis to caspofungin was significantly higher as 

compared to C. albicans, C. tropicalis and C. kruseii (P value < 0.05).  There was no significant 

difference in the resistance rate of Candida glabrata and Candida parapsilosis against 

caspofungin. Comparison of DD and BMD methods of antifungal susceptibility tests against 

caspofungin showed that highest agreement between both the methods was found for C. kruseii 

followed by C. albicans (98.8%), C. tropicalis (98.4%), C. parasilosis (88.9%) and C. glabrata 

(83%) as shown in table 4.15. The general agreement between both the methods was 97.8%. 

Thus, DD method was found least appropriate for Candida glabrata. When the MIC of 

caspofungin was studied it was found that majority of the strains have low MIC values (Table 

4.16). Candida albicans and Candida kruseii, both being susceptible but former species have 

the least MIC values. Although 88.9% strains of Candida parapsilosis were susceptible but 

still have high MIC values. Candida glabrata has exceptionally high MIC values with highest 

number of resistant strains. 

 . 
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Table 4.15: Comparison of Results of DD and BMD against caspofungin 

Candida species 

DD (mm) BMD (µg/ml) 

      Agreement (%) 

S R S I R 

Candida albicans n=256 253(98.8) 3(1.2) 256(100) 0 0 98.8 

Candida  tropicalis n=121 117(96.7) 4(3.3) 118(97.3) 1(0.9) 2(1.8) 98.4 

Candida glabrata n = 53 51(96.3) 2(3.7) 42(79.3) 7(13.2) 4(7.5) 83 

Candida kruseii n=17 17(100) 0 17(100) 0 0 100 

Candida parapsilosis n=9 9(100) 0 8(88.9) 0 1(11.1) 88.9 

TOTAL =456 

447(98) 9(2) 441(96.7) 8(1.8) 7(1.5) 97.8 

Table 4.16: Distribution of MIC (µg/ml) of caspofungin against Candida species 

Candida species 

(n) 

        MIC  µg/ ml 

32 16 4 2 1 0.5 0.25 0.125 0.063 

C. albicans (256) - - - 1 - 78 27 150 

C. tropicalis (121) - - - 1 - 2 38 45 35 

C. glabrata (53) - - 1 2 1 - 7 29 13 

C. kruseii (17) - - - - 2 1 10 4 

C. parapsilosis (9) - - 1 - - - - 4 4 
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4.4.9 Multidrug resistance (MDR) 

The phenomenon of multidrug resistance (resistance against two or more antimicrobials) 

although uncommon, was also observed in some strains of Candida species. Cross resistance 

against fluconazole and voriconazole was also seen. In total, there were 2.2 % (n=10) strains 

that exhibited multidrug resistance phenomenon. Almost 23.2 % (n=10/43) of the resistant 

strains depicted this phenomenon. It was also noticed that highest rate of the MDR  in the 

resistant strains was found in C. parapsilosis 100% (n=1/1) followed by C. tropicalis 28.9% 

(n=2/7), C. glabrata 27.2% (n=3/11), C. albicans 16.7 % (n=1/6) and C. kruseii 11.7% 

(n=2/17).   

 

4.4.10 Comparison of susceptibility profile of Candida albicans and Non-

albicans Candida: 

The results of the antifungal susceptibility showed that only 2.3% (6/256) strains of Candida 

albicans were resistant to antifungal drugs. Resistance was significantly more common in the 

Non-albicans Candida with about 18.5% (37/200) resistant strains (P value = 0.0003). The 

antifungal drug wise comparison was shown in table 4.17. It is evident from the results that C. 

albicans was more susceptible to every antifungal agent. Resistance was always more common 

in NAC against all the antifungal agents. This difference of resistance between CA and NAC 

was found significant in case of fluconazole (P value = 0.003). 
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Table 4.17 Comparison of  antifungal susceptibility pattern of Candida albicans and 

Non-albicans Candida 

 

 

 

 

Candida species 

Antifungal agents 

(%) 

Amphotericin Fluconazole Voriconazole Caspofungin 

S R S R S R S R 

C. albicans 

 

100 0 97.7 2.3 99.6 0.4 100 0 

Non albicans 

Candida 

 

99 1 86 14 96.5 3.5 96.5 3.5 

P value 0.9 0.3 0.388 0.003 0.824 0.116 0.803 0.061 
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4.5 Candida Biofilms : 

Twenty-five strains were randomly selected among the isolated strains including some 

sensitive, resistant and multi drug resistant Candida species to check the presence of one of 

the important virulence factor, biofilm formation. This study included 5 strains of Candida 

albicans, 6 of Candida tropicalis, 3 Candida parapsilosis and 10 of Candida glabrata and 1 

strain of Candida kruseii as shown in table 4.18. The control strain SC-5314 of Candida 

albicans, previously reported as a biofilm former, was used. All the biofilms were visible as 

white mat of cells over the silicone elastomer discs as shown in figure 4.17. 

4.5.1 Biofilm formation by Candida albicans  

4.5.1.1 Fluorescence microscopy 

All selected strains of C. albicans produced biofilms under the given conditions. But, the 

extend of the biofilm formation varied within the same species. The biofilm formed by the 

strain M-1993 and M-2524 were very dense as shown in figure 4.18. The strain M-619 and 

MRL-648 did not form good biofilms as they come off easily during calcoflour staining. A 

network of hyphae and extra cellular matrix which can be seen as haze was also visible in the 

biofilms of strain M-619 and MRL-648 (Fig, 4.18). It was seen that M-4369 produced a 

uniform biofilm with the blastospore and hyphae tightly packed over the surface. 
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Table 4.18:  Base line data of the Candida isolates selected for biofilm formation 

Sr no Lab  No Species     Source 

1 MRL-648 C. albicans Unknown  

2 M-2524 C. albicans HVS 

3 M-1993 C. albicans CVC 

4 M-619 C. albicans HVS 

5 M-4369 C. albicans Sputum 

6 A-2700 C. tropicalis Urine 

7 MRL-759 C. tropicalis Unknown  

8 A-2029 C. tropicalis HVS 

9 M-3212 C. tropicalis HVS 

10 M-3166 C. tropicalis CVC 

11 A-3189 C. tropicalis Urine 

12 A-985 C. glabrata Urine 

13 M-159 C. glabrata Urine 

14 A-2407 C. glabrata Urine 

15 A-1765 C. glabrata HVS 

16 M-2954 C. glabrata CVC 

17 A-1554 C. glabrata Sputum 

18 A-2512 C. glabrata HVS 

19 A-1439 C. glabrata Urine 

20 A-2686 C. glabrata Urine 

21 MRL-17351 C. glabrata Unknown 

22 MRL-2006 C. parapsilosis Unknown  
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23 A-1446 C. parapsilosis CVC 

24 M-530 C. parapsilosis HVS 

25 M-1470 C. kruseii Urine 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.17: Biofilm formation on silicone elastomer disc. Biofilm is claerly visible as a thin 

white mat on the SE disc in the right well of 12 O plate. 
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(a) M-2524                                                          (b) M-1993 

 

                    

           (c)    M-619                                                      (d)   MRL – 648 

 

(e)     M-4369 

Fig 4.18 Images of the Fluorescence Microscopy of the Biofilms formed by different strains of 

Candida albicans (40X). Blastopores are clearly seen along with thin hyphal structures. ECM is 

visble in form of haze.  a, b and e produce thick biofilms covering the whole SE. 
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4.5.1.2 CSLM of Candida albicans biofilms: 

Strain M-1993 and M-2524 were selected for confocal scanning laser microscopy (CSLM) on 

the basis of formation of good biofilms, as visualized through fluorescence microscopy. The 

confocal microscopy showed the whole architecture of biofilm as it stained the viable cells as 

well as cell wall polysaccharides (Chandra et al., 2001a). The biofilm of the control strain SC 

5314 formed a complex structure with intertwining hyphae as shown in figure 4.19(a). The 

green and red color in the CSLM image corresponds to the viable cytoplasm and cell wall 

polysaccharides, respectively. The CSLM image of M-1993 showed that biofilm is wholely 

made up of blastospores, with very few hyphae [Fig. 4.19(b)]. The thickness of M-1993 was 

found to be 32µm. The CSLM image of C. albicans M-2524 biofilm showed a heterogeneous 

structure made up of excessive amount of blastopores as compared to hyphae [fig, 4.19(c)]. A 

lot of haze could be observed which was due to the extracellular matrix sugars, and thickness 

was measured as 48 µm. 

4.5.1.3 XTT Assays of Candida albicans 

Results of the XTT reduction assay showed that all the strains showed varied metabolic 

activity. The highest metabolic activity was recorded for the strain M-2524 which was isolated 

from HVS as shown in figure 4.20a. The strain M-1993 isolated from CVC also gave a high 

absorbance for the XTT assay. 

4.5.1.4 Dry weight determination of Candida albicans biofilms 

The maximum amount of dry weight was observed for the biofilm formed by M-2524. All of 

the strains except M-619 have dry weight greater than 3 mg as shown in figure 4.20b. On 

average each strain of C. albicans produced a biomass of more than or equal to 3 mg. The total 

biomass produced by the control strain SC 5314 was 3.7 mg. 
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(a) SC 5314 

 

 

             

 

(b)  M-1993                                                    (c)  M-2524 

Fig 4.19. Confocal scanning laser microscopy (CSLM) images of different strains of  

Candida albicans (a) SC 5314  the biofilm is mostly composed of hyphal structures (b) M-

1993  blastospores are more abundant than hyphal structures (c) M-2524 biofilm mostly 

composed of blastospores with some hyphal structures. 
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Fig 4.20a: XTT assay of biofilms of different strains of Candida albicans 

 

 

Fig 4.20b. Dry weight determination of of biofilms of different strains of Candida 

albicans 
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4.5.2 Biofilm Formation by Candida tropicalis 

4.5.2.1 Fluorescence Microscopy of biofilms by Candida tropicalis  

Biofilms formed by C. tropicalis had a very heterogeneous structure mostly made up of hyphae 

and pseudo hyphae covered by thick extracellular polymeric matrix (Fig. 4.21). Strain A-2029 

formed good biofilm which was isolated from HVS. It sticked tightly to the pretreated silicone 

elastomer discs during calcoflour staining. Abundant hyphae were formed by the strain A-3189 

which was isolated from urine. Biofilms produced by the strain A-2700 and MRL-759 

produced a large amount of extra cellular matrix along with the hyphal structure as shown in 

figure 4.21.  

 

4.5.2.2 CSLM of the Candida tropicalis biofilm 

The CSLM was done for the strain A-2029, which produced dense biofilm. This biofilm had 

not a uniform structure. From the image it is observed that both yeast cells and hyphae 

contribute in the construction of biofilm. CSLM image shows that blastospores are abundant 

than the hyphal forms (Fig. 4.22). Also it is shown by the biofilm image that red fluorescence 

is much more than the green fluorescence, which means that the main component of the biofilm 

is metabolically active cells. 
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A-2700                                                                           A-2029 

                              

MRL- 759                                                                           A-3189 

                       

 

M- 3212                                                                       M- 3166 

Fig 4.21: Images of the fluorescence microscopy of biofilms of various strains of Candida 

tropicalis. Thin hyphal structures are clearly seen along with thin blastospore as shown 

by red arrows . ECM is visble in form of haze. 
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Fig 4.22 CSLM Image of biofilm of strain A-2029 of Candida tropicalis. Metabollically 

active balstopores (red color) are more abundant than cell wall content (green color). 

Very thick hyphal structures are visible as indicated in red arrow. 
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4.5.2.3 XTT Assays of  Candida tropicalis biofilms: 

The biofilms formed by the C. tropicalis were also quantified by the XTT assays. The results 

were in correspondence with the fluorescence microscopy images of these biofilms. The 

highest metabolic activity was observed by the strain 2029 as shown in figure 4.23a. All 

biofilms showed high metabolic rates by the XTT reduction assay. The strains A-2029 and A-

3212 isolated from HVS samples were given a high absorbance as compared with the strains 

isolated from urine i.e. A-2700 and A-3189. 

 

4.5.2.4 Dry weight determination Candida tropicalis biofilms: 

The total biomass produced by the biofilms was determined by the dry weight method 

(Chandra et al., 2001a) using nitrocellulose filters.  The highest biomass was produced by 

strain A-2029, which gave the highest metabolic activity by the XTT assay. The total dry 

weight of the all the strains of C. tropicalis was more than or equal to 2.5 mg as shown in the 

figure 4.23b. These biofilms produced less biomass than the biofilms of C. albicans. 
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Fig  4.23a: XTT assay of biofilms of various strains of Candida tropicalis 

 

 

 

Fig  4.23b: Dry weight of biofilms of various strains of Candida tropicalis 
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4.5.3.Biofilm formation by Candida glabrata 

4.5.3.1 Fluorescence Microscopy Candida glabrata biofilms: 

C. glabrata was least able to form biofilm. Among 10 strains of the C. glabrata only 5 

produced biofilm which included A-159, M-985, A-1765, M-2954 and A-2512. The images of 

fluorescence microscopy of non-biofilm formers showed that few adhered cells were visible 

that failed to mature as biofilm, as shown in figure 4.24a. The biofilms formed by C. glabrata 

were observed as layer of blastospores. There is no hyphal layer in biofilms of C. glabrata 

because of the inability of C. glabrata to produce hyphae. It usually represents a homogenous 

layer of blastospores adhereing to the serum treated silicone elastomer sheet as shown in fig 

4.24b. The biofilm can be seen as a compact layer of blastospore as shown in figure  4.24b.  

 

 4.5.3.2 CSLM of the Candida glabrata biofilm: 

The CSLM image of the biofilm of C. glabrata is shown is the figure 4.25. The green 

fluorescence which is actually due to the cell wall contents and extracellular matrix is much 

more than the deep red coloration. Thus by this image it is noticeable that the biofilm produced 

by the C. glabrata is largely made up of polysaccharides. Even though the cells as seen under 

high magnification by CSLM are largely spaced still the thickness of biofilm is 35µm. 
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.                                    

M-2407                                                             M-159                                                       

 Fig 4.24a: Images of the fluorescence microscopy of the cell adherence by different non 

biofilm producer strains of Candida glabrata 

                                       

      A-1765                                                                                                 M-2954  

                                     

 

                    M-1554                                                                         A-985  

Fig 4.24b: Images of the biofilms formed by Candida glabrata by fluorescence microscopy 

(Blaspores are clearly seen with along with ECM is visble in form of haze. Hyphal 

structures are absent) 
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Fig 4.25 CSLM Image of biofilm of strain M-2954 Candida glabrata. Metabollically active 

balstopores (red color) are more abundant than cell wall content (green color). Hyphal 

structures are not present. 
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4.5.3.3 XTT assays Candida glabrata biofilms: 

The XTT assay results of the C. glabrata biofilms showed that all the biofilms gave very low 

absorbance. Highest activity was observed by the strain M-2954. The XTT activity of C. 

glabrata biofilms was low as compared to C. albicans and C. tropicalis. The non-biofilm 

strains formers showed some minor metabolic activity. 

 

4.5.3.4 Dry weight determination Candida glabrata biofilms: 

The dry weight results were in correspondence with the XTT assays results. A smaller amount 

of biomass was produced by the non-biofilm formers as they were unable to proliferate when 

adhered to the FBS treated silicone elastomer discs. Even the strains which produced the 

biofilms also produced small biomass. Although all strains have some metabolic activity but 

their dry weights the whole story of the biofilms is revealed that most of them were non 

producer of biofilms. The dry weight of all the biofilm former strains was less than 2mg.  

 

 

 

 

 

 

 

 

 

 



Chapter 4                                                                                                                                       Results 

 

 Page 101 
 

 

 

Fig 4.26a XTT assay of biofilms of various strains of Candida glabrata 

 

 

Fig 4.26b Dry weight of biofilms of various strains of Candida glabrata 
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4.5.4 Biofilm formation by Candida parapsilosis 

4.5.4.1 Fluorescence microscopy of C. parapsilosis biofilm: 

The 3 strains of C. parapsilosis were included in this study, which formed biofilms. 

Fluorescence microscopy of biofilms showed a thick compact arrangement of blastospores 

covered with haze and very few hyphal forms were visible (Fig. 4.27). Extra cellular matrix 

was covering the whole biofilm. The biofilm was closely packed and a uniform structure was 

observed. 

 

4.5.4.2 CSLM of C. parapsilosis biofilm: 

The CSLM image of the C. parapsilosis is shown in the figure 4.28. The biofilm was mostly 

composed of blastospores whereas hyphae were not visible. Both green and red color 

fluorescence were almost equal that revealed that biofilm was equally made up of the 

cytoplasm and cell wall polysaccharides. The blastospores were compactly packed and 

thickness of this biofilm was 44 µm. 

 

4.5.4.3 XTT assay of C. parapsilosis biofilms : 

Strains of C. parapsilosis form biofilm that could be seen by their fluorescence microscopy 

images. But they are metabolically less active therefore their assays are done with high 

concentration of XTT salts and menadione. Strains of C. parapsilosis gave high XTT reduction 

assay values as shown in figure 4.29a. 

 

4.5.4.4 Dry weight determination of C. parapsilosis biofilms: 

The dry weight of C. parapsilosis was greater than 2.5 mg that was more than the biomass 

produced by C. glabrata and less than C. albicans and C. tropicalis as shown in figure 4.29b. 
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                               A-1446                                                             MRL-2006 

 

M-530 

Fig 4.27 Fluorescence microscopy images of biofilms of various strains of Candida 

parapsilosis (Blaspores are clearly seen with along with very thick blanket of ECM is visble in form of haze. Hyphal 

structures are not clearly seen as they are completely encaspsulated in ECM) 

 

Fig 4.28: CSLM image of biofilms strain MRL-2006 C. parapsilosis. Metabollically active 

balstopores are almost equal to cell wall contents (green color).  
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Fig 4.29a: XTT reduction assay of biofilms of various strains of Candida parapsilosis 

 

 

     Fig 4.29b: Dry weights of biofilms of various species of Candida parapsilosis 
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4.5.5  Biofilm formation by Candida kruseii : 

The selected strain of C. kruseii failed to form biofilm as it was unable to grow in YNB media. 

Many other strains were tried but C. kruseii was  unable to grow in YNB. Media change was 

not possible because then comparative studies cannot be done. 

 

4.5.6 Statistical analysis: 

T-test was applied on the XTT reduction assay and dry weight results of Candida sp. The 

results showed that Candida albicans was the best biofilm producer followed by C. tropicalis, 

C. parapsilosis and C. glabrata, respectively. The statistical analysis of the results showed that 

there was no significant difference in the biofilms formed by C. tropicalis and C. parapsilosis. 

Whereas all these biofilms were significantly different from the biofilms formed by C. glabrata 

(P < 0.05). 

 

4.6.  Antifungal susceptibility testing of biofilms: 

The antifungal susceptibility of the biofilms was checked for the two drugs. The antifungal 

susceptibility was checked for two antifungals, fluconazole (512-0.5 µg/mL) and caspofungin 

(64-0.25 µg/mL). The MIC of all biofilms of Candida sp against fluconazole was greater than 

512µg/ml, indicating that all Candida biofilms were resistant to fluconazole (Table, 4.19). In 

contrast, caspofungin demonstrated low MIC values, showing activity against the biofilms. 

However, the strains of Candida that were resistant to caspofungin in planktonic form 

exhibited increased resistance in biofilm. It was seen that biofilms of Candida glabrataa were 

mostly resistant to caspofungin. 
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Table 4.19: Susceptibility of Candida species biofilms to Fluconazole and Caspofungin  

 

Species 

Fluconazole [MIC50 (µg/ml)] Caspofungin [MIC50 (µg/ml)] 

Planktonic Form Biofilm Form Planktonic Form Biofilm Form 

C. albicans  0.5 > 512 0.125 0.25 

C. tropicalis <0.125 > 512 0.125 0.25 

C. glabrata 4 > 512 0.5 1 

C. parapsilosis 0.5 > 512 0.125 0.063 

The data represents an average of the antifungal susceptibility test results obtained through 96 

well micro titer plate method. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 5                                                                                                                                 Discussion 

 Page 107 
 

DISCUSSION 

Fungal infections have always been a problem for hospitalized patients but during the last thirty 

years fungal infections due to Candida spp., especially those that are caused by non-albicans 

species, increased enormously (Colombo and Guimaraes, 2003). Candidiasis (infections 

caused by Candida) has become a serious health problem owing to its high rate of morbidity 

and mortality (Almeida et al., 2013). These infections prolong hospital stay and increase the 

financial burden on the patients (Schelenz, 2008). Growing population of 

immunocompromised patients and advances in medical and surgical managements has 

contributed an increase in candidiasis. A large number of the Candida infections owe to its 

ability to cause device related infections. The timely identification and proper treatment of 

candidiasis can substantially reduce the rate of mortality (Kabir and Ahmed, 2012). 

 

5.1 Identification of Candida species: 

The proper and prompt diagnosis of this pathogenic yeast is important for its effective 

treatment (Nadeem et al., 2010). However, in most of the resources constrained laboratories 

the identification of the Candida is not done up to species level (Daef et al., 2014). Gram 

staining and germ tube test were found easy and reliable techniques for the identification of 

Candida spp. Germ tube test is the most cost effective procedure for the identification of C. 

albicans. The sensitivity and specificity of this method was found 98.4% and 96.2 %, 

respectively. Similar kinds of results were found by Mattei et al. 2014 and Deorukhkar et al. 

2012 who observed more than 90% sensitivity of this method. The sensitivity and specificity 

of chromagar was found 98.8% and 97.9% for C. albicans, 96.6% and 98.7% for Candida 

tropicalis, 80.8% and 99.4% for Candida glabrata and 75% and 98.8% for Candida 

parapsilosis. These results are comparable to the study of Baradkar et al. (2010) reporting 

sensitivity and specificity to be 96.5% and 96.42% for C. albicans and 100% for C. tropicalis, 

respectively. Likewise, Daef et al. (2014) also found more than 96% sensitivity and specificity 

of CHROMagar Candida for both C. albicans and Candida tropicalis, respectively. Nadeem 

et al., 2010 reported 99% and 98% specificity and sensitivity of CHROMagar for C. albicans 

and C. tropicalis, respectively. Madhavan et al. (2011), Devi and Maheshwari, (2014), Daef et 

al., (2014) also found 100% sensitivity and specificity of chromagar for C. kruseii. C. glabrata 

gave cream to white colonies as mentioned in HiMedia. But it needs to be highlighted that C. 
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parapsilosis too were of the same color which were identified as C. glabrata on Chromagar 

agar. The results of our study showed lower sensitivity of chromagar for C. glabrata are in 

consistent with study of Madhavan et al., (2011) who reported 75% sensitivity and 100% 

specificity. Unlike our studies Shetter et al. (2012) found 100% sensitivity and 92% specificity 

of chromagar against Candida glabrata. The sensitivity and specificity was found 75% and 

98.8% for Candida. Baradkar et al. (2010) reported analogous sensitivity and specificity (80 

and 98.03%) of C. parapsilosis on chromagar. In contrast to our studies Daef et al. (2014) 

reported more than 98% sensitivity and specificity of chromagar for C. parapsilosis. Most of 

the C. glabrata and C. parapsilosis were misidentified as sometimes both produce white to 

natural colored colonies. The difficulty in the differentiation of the C. parapsilosis and C. 

glabrata can be resolved  by studying the morphology of both species on corn meal agar where 

C. galabrta does not produce pseudohyphae. 

 

API tests and cornmeal agar were found to be best conventional methods for the identification 

of all Candida species as it identified all the species similar to the previous study of Agha et 

al. (2012). Silva and Candido, (2005)  also identified more than 92% of Candida species by 

API 20C AUX system. However, in our resources constrained laboratories, only a method that 

is fast and low-cost is only practicable. Although, API 20C AUX test is very accurate but it is 

laborious and quite expensive (US$ 20 = 2000PKR per pack of one kit) and socio economic 

status of local patients of Pakistan makes it difficult to use this test on regular basis (Nadeem 

et al., 2010).  It has been reported by previous studies that identification by chromagar has 

more than 97% agreement with molecular methods (Daef et al., 2014). Present study suggests 

that identification by Chromagar is cost effective, rapid and easy method for our labs as it suits 

the major population of Pakistan belonging to middle class status. 

 

5.2 Prevalence of Candida species 

About 17 species of Candida are known to cause candidiasis but 95% of candidiasis are due 

to 5 species of Candida namely, C. albicans, C. tropicalis, C. glabrata, C. glabrata and C. 

parapsilosis (Pfaller and Diekema, 2007). This study reported the prevalence of five species 

i.e., C. albicans, C. tropicalis, C glabrata, C. krusei and C. parapsilosis. Candida albicans 

(56.1%) was dominant over the non albicans species of Candida (43.9%). A recent laboratory 
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based study by Ng et al. (2015) also reported that these 5 species constitute 99.5% of the 

isolated Candida species for over the period of 14 years with dominance of C. albicans. Results 

of our study are also in consistent with that of Ariff et al. (2011) reporting that C. albicans was 

the most prevalent among all the species, followed by C. tropicalis and C. glabrata. Resende 

et al. (2002) reported similar results about the prevalence of Candida spp. distribution in 

hospitalized patients i.e., with Candida albicans (51%) the most common species trailed by C. 

tropicalis (33%), C. parapsilosis (8%), C. glabrata (5%), C. krusei (2%) and C. guilliermondii 

(1%). Studies by Arendse and Orth, (2008) Mohammadi et al. (2013) and Sukumararn et al. 

(2014) also found the similar results reporting dominance of C. albicans over non-albicans 

species. Studies by Horn et al., (2009), Baidee and Alborzi, (2011); Patel et al., (2012); Yang 

et al., (2013), Roy et al., (2014) also reported C. albicans as the most frequent species. In our 

study, we observed a significant number of non-albican Candida  species (43.9%). Among 

non-albicans species, C. tropicalis (26.5%) was more frequent followed by C. glabrata 

(11.6%), C. kruseii (3.7%) and C. parapsilosis (2%), respectively. These results are in 

accordance with the study of Agarwal et al. 2004). A study done in Taiwan by Yang et al., 

(2013) found a high prevalence rate of C. tropicalis (24%), C. glabrata (23.8%) and C. 

parapsilosis (8%), while low incidence of C. krusei (1.7%) as compared to this study. Another 

study in India also reported C. tropicalis (30%) as the most common non albicans species 

followed by C. krusei (14%) and C. glabrata (9%) (Dharwad and Dominic, 2011). Furlaneto 

et al. (2011) also found that most common species after C. albicans (36%) and C. tropicalis 

(33.2%) were C. parapsilosis (19.2%), C. glabrata (8.2%) and C. kruseii (1.9%), respectively.  

 

5.3 Demographic Data  analysis 

According to our results, the Candida infection rate was higher in females (63.4%) as 

compared to males (36.6%). Dharwad and Dominic et al. (2011) also found high rate of 

Candida infection in females (61.2%) as compared to males (38.8%) corresponding to our 

studies. Amar et al .(2013) also found that prevalence of candidiasis was much higher  in  

female patients(60%) as compared to male patients. Higher rate of candidiasis was in female 

patiensts was also reported by Almeida et al. (2013), Roy et al. (2013) and Mohammadi et al. 

(2013). Even though candidiasis can occur at any age, but in our study, we isolated Candida 

spp.  largely from middle aged patients i.e. 21-40 years. In comparison some studies of the 
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region, Patel et al. (2012) and Roy et al. (2013) also reported the highest incidence of Candida 

infection in the same age group. C. albicans was the most dominant species among all the age 

groups except old patients (above 80 years age) where C. glabrata was the most dominant 

specie. C. glabrata was also reported by other researcher, as dominant specie in old patients 

(Malani et al. 2005; Kalani et al., 2013).  

In our study, we reported maximum number of Candida spp. from urine samples (n= 

161, 35.3%) followed by vaginal swabs (n=133), sputum (n=52) and central venous catheters 

(n=43). Candida spp. are reported as seventh most common nosocomial pathogen in hospital 

settings causing 25% of all the urinary tract infections (Pfaller, 1996). Patel et al., 2012  also 

reported that Candida species were most commonly associated with urinary tract infections 

(30.5%) followed by lower respiratory tract infections (28.9%) and candidemia (26%). 

Almeida et al. (2013) had also reported most of Candida spp. from urine samples in his study 

but at a much higher rate (62%). It was noticed that >50% of the samples were isolated only 

from urinogenital organs similar to the findings of another researcher (Roy et al., 2013; Jose 

et al., 2015). In another study in India Candida species were most predominant in respiratory 

tract (44%) infections followed by blood (31%) and urine (11%).  

 

5.4 Antifungal susceptibility profile: 

The increase of fungal infections has resulted in the greater use of antifungal agents which is 

subsequently the main cause of the emergence of innate or acquired resistance (Pfaller and 

Diekema, 2007). The era of antifungal agents started in 1953 with the discovery of 

amphotericin B (Swinne et al., 2004). Amphotericin B was found to be the most susceptible 

drug with 99.6% sensitivity. The similar effectiveness of amphotericin B was also observed in 

the study conducted by Yang et al. 2005 with only 0.45% resistance to amphotericin. Likewise, 

Kiraz and Oz (2011) also found 99% susceptibility to amphotericin against Candida species. 

The resistant strains belonged to C. tropicalis and C. parapsilosis. Recently, Gandhi et al. 

(2015) reported 100% susceptibility in all Candida isolates against amphotericin except 2 

strains of C. tropicalis. C. albicans, C. kruseii and C. glabrata exhibited 100% sensitivity to 

amphotericin analogues, reported in a study of Eksi et al., (2013). The MIC against 

amphotericin mostly ranged from 0.063-2 µg/ml that was found similar to the study of Cuenca-

Estrella et al., 2002. Most of the strains had an MIC of 0.063 µg/ml against amphotericin. 
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Usually treatment failure observed during amphotericin administration is not due to its 

resistance but the incompatibility of host to respond to treatment (Arikan and Rex, 2007). 

 

Among azoles the most frequently administered drug includes fluconazole (Arikan and Rex, 

2007). The MIC values of fluconazole for different Candida species were ranged between 

0.125 and 64 μg/mL. It was noted that Candida species showed 7.5 % resistance against 

fluconazole which is more or less parallel to the study by Sabatelli et al. (2006) reporting 6.4% 

resistance to fluconazole. Resistance against fluconazole was less common in C. albicans 

(2.3%) similar to the findings of Lockhart et al. (2012).  Eksi et al. (2013) and Pfaller et al. 

(2007) also observed low rate of resistance against fluconazole in C. albicans species 

corresponding to the present study. The resistance against fluconazole was observed much 

higher in non-albicans Candida (14%) that is comparable to a study by Eksi et al. (2013) 

reporting 15.5% resistance in NAC. Resistance against fluconazole was observed 3.3% in C. 

tropicalis comparable to a recent study by Pfaller et al. (2015) who reported 3.6% resistance 

in C. tropicalis. The high rate of fluconazole resistance was observed in C. glabrata (13.2%) 

and C. kruseii (100%). Various researchers reported 11.9-13.2% resistance rate of C. glabrata 

against fluconazole (Lockhart et al., 2012; Wang et al., 2012; Farooqi et al., 2013). C. kruseii 

exhibited 100% resistance against fluconazole with MIC value of 64 μg/ml, coincides with the 

studies of by Fleck et al. (2007). The augmented rate of resistance against fluconazole by C. 

glabrata and C. krusei has been reported in many studies (Oberoi et al., 2012; Schmalreck et 

al., 2012: Deorukhkar et al., 2014). Many of the C. glabrata strains (5.7%) were susceptible 

dose dependent against fluconazole. C. glabrata has been found susceptible in many studies 

even with high MIC values against fluconazole (Almeida et al., 2013; Huang et al., 2014). The 

augmented usage of fluconazole for prophylactic purposes is liable for emergence of high 

resistance against it (Espinel-Ingroff et al., 2007). 

 

Voriconazole, a derivative of fluconazole has high spectrum of activity due to its enhanced 

structure (Arikan and Rex, 2007). Overall resistance to voriconazole was 1.5% in Candida 

species. This result is in consistent with the study done by Eksi et al.  (2013). The MIC values 

against voriconazole ranged between 0.063 and 4 g/ml. C. albicans strains were highly 

sensitive (99.6%) to voriconazole and resistance was mainly found in non albicans Candida 
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(3% n=6/200). Earlier this study, Espinel et al., 2007 also found comparable rate of resistance 

(3.5%) in non albican Candida against voriconazole. C. tropicalis and C. glabrata were found 

to be the main resistant species which has also been noticed in a recent study (Minea et al., 

2015). The resistance rate of C. glabrata and C. kruseii was comparable but more than 82% of 

fluconazole resistant C. krusei exhibited susceptibility to voriconazole. Various researchers 

reported voriconazole as an effective drug against fluconazole resistant C. kruseii (Badiee and 

Alborzi, 2011; Huang et al., 2014). Cross resistance to fluconazole and voriconazole was also 

observed in 1.5% (n=7) isolates. Cross resistance against fluconazole and voriconazole in 

Candida species has also been reported previously (Pfaller et al., 2010; Oberoi et al., 2012; 

Wang et al., 2012). C. parapsilosis was 100% susceptible to voriconazole which is in 

accordance to the study of Eksi et al. (2013). 

 

Caspofungin was found very effective against Candida species with only 1.5% resistant 

isolates. The MIC values was found in the range between 0.063-4µg/ml. It was noted that 

caspofungin was effective against all the C. albicans and fluconazole resistant C. kruseii 

strains. The effectiveness of echinocandins against fluconazole resistant strains of C. 

tropicalis, C. glabrata and C. parapsilosis, was also observed previously by Pfaller et al., 

(2012). Resistance to caspofungin was 1.5% against Candida species. Candida albicans and 

C. kruseii were all susceptible to caspofungin as reported previously by Eksi et al., (2013). C. 

tropicalis was observed about 1.7% resistant to caspofungin which was analogous to the study 

in Malaysia (Hamid et al., 2012). Among Candida glabrata, more than 20% of isolates 

exhibited reduced susceptibility against caspofungin and 7.5% showed complete resistance. 

Lockhart et al., (2012) also observed resistance against caspofungin in Candida glabrata but 

much lower (2.1%) than our findings. The emergence of resistance in C. glabrata against 

caspofungin is also observed recently by Pfaller et al. (2015). C. parasilosis have 

comparatively higher MIC values for caspofungin (Bal et al., 2010). 

 

The results of the comparison of the DD and BMD method showed that for amphotericin, both 

methods have an average agreement of 98.2 %. Our results are in contrast to the studies of 

Kumar et al. (2015) reporting very low agreement 67.2 % between both the methods for 

amphotericin. Espinel-Ingroff et al. (2007) reported 100% agreement between both the 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Badiee%20P%5Bauth%5D
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methods for amphotericin. The results showed that highest agreement for amphotericin was 

found for Candida glabrata (100%) followed by C. albicans (99.6%), C. tropicalis (98.3%), 

C. kruseii (94.1%) and Candida parapsilosis (88.8%), respectively.  Similar high percentage 

of agreement between both the methods was noticed by Freitas et al. (2014) for Candida 

albicans (97.5%), C. tropicalis (100%) and C. glabrata (100%).  Overall agreement for 

fluconazole was 91.2 % which is contrast to the results of Kumar et al. (2015) reporting 82.6% 

agreement DD and BMD. Pfaller et al. (2003), Espinel-Ingroff et al. (2007) and Noake et al. 

(2007) also reported more than 90% agreement between both the methods for fluconazole. It 

was seen that for fluconazole highest level of agreement between both the methods was found 

for Candida albicans (92.1%) followed by C. parapsilosis (88.8%), C. tropicalis (84.3%), C. 

kruseii (76.4%) and C. glabrata (54.7%). Freitas et al. (2014) found similar level of agreement 

for C. tropicalis (84.5%), higher level for Candida glabrata (93.5%) and lower level for 

Candida albicans (82.5%) as compared to our studies.  Kiraz et al. (2010) also proposed that 

that both DD and BMD methods have poor agreement for C. glabrata for fluconazole.  In total, 

the agreement for both DD and BMD was found 93.6% for voriconazole.  Espinel-Ingroff et 

al. (2007) reported almost similar percentage (95.5%) of agreement between DD and BMD for 

voriconazole. Our results were contrary to the study of Kumar et al. (2015) reporting 100% 

agreement between both the methods. Pfaller et al. (2003) also reported high level of 

agreement i.e. 99.4% for both the methods for voriconazole. We observed that all the species 

have more than 95% agreement for voriconzaole except C. kruseii (82.4%) and C. glabrata 

(71.7%). Freitas et al. (2014) reported higher level of agreement between both the methods for 

C. glabrata (96.7%) contrasting to the present study. Our study suggests that DD method is 

most suitable for C. albicans and least for C. glabrata against fluconazole. The agreement level 

for both the methods was found 97.8% for caspofungin (97.8%) similar to the a recent study 

(Kumar et al., 2015). Espinel-Ingroff et al. (2005) reported 100% agreement, whereas Milici 

et al. (2007) reported much lower (80%) agreement between DD and BMD for caspofungin. 

A lot of strains were detected as false resistant by the DD method which came out to susceptible 

by BMD. Researchers endorsed that the main reason of discrepancy in results between DD and 

BMD was the difficulty of diffusion of the active principle in the agar (Mock et al., 1998). Our 

results suggest that DD is an easy and reliable method to be used in clinical laboratories but 
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the strains detected as resistant must be confirmed by the BMD especially in the case of C. 

glabrata.  

 

5.5 Candida Biofilms: 

Twenty five strains were randomly selected so as to analyze the phenomenon of biofilms.  

Microbes increases their chances of survival by becoming more adaptive to the environment 

by living in complex commensal communties named as biofilms. In nature, microbes prefer to 

live as biofilms, whereas somewhat planktonic or free floating forms are very uncommon 

(Costerton et al., 1995). Candida species have an enhanced ability to cause infections by 

formation of biofilms. These biofilms are made up of microcolonies of blastospores and 

hyphae that are enclosed in an extracellular matrix (Dongari-Bagtzoglou et al., 2009). Earlier 

studies showed that Candida biofilms are formed in 3 distinct phases, earlier, intermediate and 

mature. The earlier phase is accompanied by adhesion of the Candida cells over the surface of 

the substrate. The intermediate phase involves the proliferation of the cells, and the final phase 

is the maturation which proceeds by development of hyphae and pseudohyphae (Chandra et 

al., 2001a).         

 

Interspecies and intraspecies variation in the structure of biofilms has been observed in 

previous studies using fluorescence and confocal scanning laser microscopy (CSLM). The 

chief advantage of this technique is that the whole architecture of the biofilm is observed 

without affecting the viability of the yeast cells (Seneviratne et al., 2009). Our results indicated 

that biofilms from Candida albicans were covered by extra cellular matrix, forming a capsule 

around the blastospores, hyphae and pseudohyphae. Seneviratne et al. (2009) and Chandra et 

al. (2001a) also noted a similar structure of most of the Candida albicans biofilms that 

comprised both hyphae and blastospores. In case of C. tropicalis the biofilms carried yeast 

forms with very few thin structured hyphae surrounded by extra cellular matrix. Kuhn et al. 

(2002b) also found  that the biofilms of C. tropicalis are made up of thin hyphae during early 

stages but later on develops blastospores after maturation. Another study also reported that  

biofilms from C. tropicalis are made up of microcolonies of blastospores and covered with a 

thick extra polymeric layer (Silva et al., 2010). The FM images of the C. glabrata showed that 
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these biofilms are made up of blastospores with no hyphal switches. Silva et al. (2009) and 

Kucharikova et al. (2011) reported similar multilayered biofilms of C. glabrata that mainly 

comprised of clusters of blastospores scatterly adhered to the SE discs. Mostly C. glabrata 

biofilms were observed as scatted groups of cells clustered together. It was seen that C. 

parapsilosis formed dense biofilms comprised of blastospores and pseudohyphae in a compact 

cover of extracellular matrix corresponding to previous study.  

 

The biofilms were characterized by using XTT reduction assay and dry weight determination. 

According to Seneviratne et al. (2009) single quantification method is not sufficient for 

characterization of biofilms as XTT assay has some pitfalls. XTT is inexpensive reproducible 

quantitative method that determines the viability of the cells by their ability to reduce XTT by 

forming formazan product (Nett et al., 2011). It was seen that all the species of Candida have 

an ability to form biofilma but however biofilm formation was varingly different among strains 

of same species thus emphasizing that biofilm formation is heterogenous phenomenon (Sherry 

et al., 2014). It was seen that the isolates that were recovered from vaginal swabs were more 

biofilm producers as compared to the other resourcces analogous to the previous studies 

(Mahmoudabad et al., 2014). Biofilms of C. albicans produced highest quantity of biomass as 

compared to C. tropicalis and C. parapsilosis as indicated by the dry weight analysis. C. 

albicans produced the best biofilms with maximum thickness just like the other studies who 

also reported that C. albicans are the best biofilm formers (Chandra et al., 2001a; Hawser et 

al., 1994). These results were in contrast with the studies reporting  that non albican species of 

Candida produed more biofilm (Kumar et al., 2006; Vinitha and Ballal, 2007). We observed 

that only few strains of C. glabrata produced biofilms. The biofilms produced by C. glabrata 

were significantly different (P value =0.001 ) from all other species tested. Although the cell 

count was high in case of C. glabrata but metabolic activity and dry weight was low with 

respect to other Candida spp. (data not shown). It was seen that the only few strains of C. 

glabrata produced feeble biofilms. Our results are in accordance with the study of Silva et al. 

(2010) but contrast with study of Sánchez-Vargas et al. (2013).  

 

This study provides a detailed understanding of the prevalence antifungal suceptibilty and 

biofilm formation of Candida species. Extensive literature survey shows that no such study 
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was conducted on the prevalence of Candida sp in tertiary care centre in Rawalpindi. This 

study is certainly going to help the physicians of the local hospitals to recommend empirical 

therapy against candidiasis. However further studies should be done in the same and other 

hospitals of the area with more isolates to generate a comprehensive epidimiological data. 

There is a need that such studies should be conducted from time to time so as to monitor the 

trends of resistance against antifungal agents. The formation of Candida biofilms is detected 

as a significant virulence factor that causes drug resistance. Further study of other virulence 

factors of Candida species such as protease and phopholipase production would help to 

understand its pathogenicity. The antifungal susceptibility of biofilm was studied in vitro 

which doesnot always translate into in vivo activity, thus further studies correlating in vitro 

susceptibility data with clinical efficacy of the antifungal agent should be carried out at the 

HFH and CMH. Proper arrangement of the current data and the further studies as recommended 

would have a big impact in deviving policies and guidelines for prophylatic and empirical 

treatment of this lethal fungal pathogen.
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CONCLUSIONS 

• Candidiasis was more common in female patients as well as from Medical Units.  

• Maximum number of patients were found in the age group of 21-40 years. 

• Candida albicans was the more prevalent species and showed dominancy over NAC 

species. 

• Although identification by API kits was more accurate and authentic but Chromagar is 

more affordable medium as well as a reliable method for identification. 

• High antifungal resistance was detected in Non albicans Candida species as compared 

to Candida albicans. 

• Both disc diffusion  and broth micro-dilution methods have good agreement. 

• All species of Candida are able to form biofilms that enhanced resistance to antifungal 

drugs. 

• Candida albicans form the thickest biofilms followed by C. parapsilosis and C. 

tropicalis. 

• C. glabrata formed thin biofilms as compared to other species but still resistant to 

antifungals. 

• Caspofungin was in found inactive upon Candida biofilms if strains were already 

resistant to caspofungin. 
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FUTURE RECOMMENDATIONS 

• Patients and healthcare workers should be properly educated about the growing trends 

of antifungal resistance. 

• For every patient with Candida infection, proper identification with antifungal 

susceptibility should be carried out. Cumulative antifungal susceptibility reports on 

multiple patients will help to suggest an appropriate antifungal for prophylaxis.   

• There should be a national surveillance program for fungal infections. The antifungal 

susceptibility data derived from the laboratories all over the country could be used for 

the reliable and rapid detection of antifungal resistance. 

• Detailed understanding of virulence and mechanisms of biofilm resistance is required 

to cure this problem.  

• Moreover, there is an urgent need to facilitate the development pipeline for clinical 

application of antifungal immunotherapeutics. 

• Vaccines tailored for the immunosuppressed population may be an important step 

forward, both as preventive measures for at-risk patients and as adjuncts to 

conventional antifungal treatment in patients with fungal infections. 

• There is a need to invest on the research of products with effective antifungal abilities 

due to the adverse side effects of existing medications, increasing emergence of strains 

that are resistant to conventional antifungal agents, and the formation of biofilms in 

medical devices and tissues. 
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APPENDICES 

I.   CLED medium agar 

 

 

      pH 7.3 +/- 0.2 at 25 degrees C 

II. Mackonkey  agar                                                                        

Ingredient gm/ litre 

Pancreatic Digest of Gelatin. 17.0 g 

Peptones (meat and casein) 3.0 g 

Lactose 10g 

Bile Salts No. 3 1.5g 

Sodium Chloride 5g 

Agar 13.5g 

Neutral Red 0.03 

Crystal Violet 1.0 mg 

pH 7.4 ± 0.2 at 25 degrees C 

 

Ingredient gm/litre 

Lactose 10 

Casein Peptone 4 

Gelatin Peptone 4 

Beef Extract 3 

L-Cystine (0.128gm) 0.128 

Bromthymol Blue 0.02 

Agar 15 
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III. Blood Agar Base 

 

Ingredient gm/litre 

Tryptone  14.0 

Peptone Neutralized  4.5 

Yeast Extract  4.5 

Sodium Chloride  5.0 

Agar  12.0 

 

 Add 7% of sterile sheep blood in this autoclaved medium.  

Final pH 7.3 ± 0.2 at 25°C 

 

 

IV. Sabouraud Dextrose Agar (SDA) 

Ingredient gm/ litre 

Peptic Digest of Animal Tissue 5 

Pancreatic Digest of Casein 5 

Dextrose  40 

Agar 15 

pH 5.6  ± 0.2 at 25 degrees C 

 

 

 

 



                                                                                                                                                                           
Appendices 

 

 Page 156 
 

 V.  Chromagar Brilliance Candida 

Ingredient gm/litre  

Peptone  4.0  

Chromogenic mix 13.6 

Agar  13.6 

pH 6.0 ± 0.2 at 25°C 

 

 

VI.  Corn Meal Agar (CMA) 

Ingredient * gm/litre  

Corn Meal Extract  

(from 50 grams whole maize)  

2.0  

Agar  15.0  

pH 6.0 ± 0.2 at 25°C 

 

 

VII. Mueller-Hinton agar (MHA) 

Ingredient gm/litre  

Beef, dehydrated infusion from  300.0  

Casein hydrolysate  17.5  

Starch  1.5  

Agar  17.0  

pH 7.3 ± 0.1 @ 25°C 
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VIII. RPMI 1640 

 

pH 5.4 ± 0.2 at 25 degrees C 

Ingredient mg/L 

L-Arginine HCl 200.000 

L-Asparagine H2O 56.820 

L-Aspartic Acid 20.000 

L-Cystine 2HCl 65.200 

L-Glutamic Acid 20.000 

L-Glutamine 300.000 

Glycine 10.000 

L-Histidine 15.000 

L-Hydroxyproline 20.000 

L-Isoleucine 50.000 

L-Leucine 50.000 

L-Lysine HCl 40.000 

L-Methionine 15.000 

L-Phenylalanine 15.000 

L-Proline 20.000 

L-Serine 30.000 

L-Threonine 20.000 

L-Tryptophan 5.000 

L-Tyrosine 2Na 2H2O 28.830 

L-Valine 20.000 

Biotin 0.200 

Choline Chloride 3.000 

D-Calcium Pantothenate 0.250 

Folic Acid 1.000 

myo-Inositol 35.000 

Nicotinamide 1.000 

para-Aminobenzoic Acid 1.000 

Pyridoxine HCl 1.000 

Riboflavin 0.200 

Thiamine HCl 1.000 

Vitamin B12 0.005 

Calcium Nitrate [Ca(NO3)2 4H2O] Tetrahydrate 100.000 

Magnesium Sulfate [MgSO4] 48.800 

Potassium Chloride [KCl] 400.000 

Sodium Bicarbonate [NaHCO3] 0.000 

Sodium Chloride [NaCl] 6000.000 

Sodium Phosphate Dibasic [Na2HPO4] 800.700 

Dextrose 2000.000 

Glutathione (reduced) 1.000 

Phenol Red Sodium Salt 5.000 
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IX. Yeast Nitrogen Base (YNB) 

Ingredient Amount/ litre 

Ammonium Sulfate 5.0 g 

L-Histidine Monohydrochloride 10 mg 

LD-Methionine 20.0 mg 

LD-Tryptophan 20.0 mg 

Biotin 2.0 μg 

Calcium Pantothenate 400.0 μg 

Folic Acid 2.0 μg 

Inositol 20000.0 μg 

Niacin 400.0 μg 

p-Aminobenzoic Acid 200.0 μg 

Pyridoxine Hydrochloride 400.0 μg 

Riboflavin 200.0 μg 

Thiamine Hydrochloride 400.0 μg 

Boric Acid 500.0 μg 

Copper Sulfate 40.0 μg 

Potassium Iodide 100.0 μg 

Ferric Chloride 200.0 μg 

Manganese Sulfate 400.0 μg 

Sodium Molybdate 200.0 μg 

Zinc Sulfate 400.0 μg 

Monopotassium Phosphate 1.0 g 

Magnesium Sulfate 0.5 g 

Sodium Chloride 0.1 g 

Calcium Chloride 0.1 g 

pH 5.4  ± 0.2 at 25 degrees C 
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