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ABSTRACT 

Candida are almost universal on normal adult skin and C. albicans is part of the 

normal flora of the mucous membranes of the respiratory, gastrointestinal, and 

female genital tracts. Candida albicans is normal flora, lives in 40- 80% of the 

human population with no harmful effects. It is acknowledged that diabetic 

patients are more susceptible to infections caused by Candida albicans due to 

increased blood glucose and inability of immune system in eradicating the fungus. 

Studies suggest that Gutkha consumers are also at high risk of oral Candida 

carriage because of poor Oral hygiene. The oral rinse was inoculated onto the 

Sabouraud dextrose agar with Chloramphenicol and was incubated at 37°C for 3-

4 days. Candida colonies were counted. Candida albicans were identified by 

Germ tube test. This study reported 31.5 % prevalence of oral Candida. Out of 63 

positive samples of Candida, 42 isolates were known to be Candida albicans.  

The Candida carriage in CFU of diabetic population was statistically significant 

(p<0.001). The maximum isolates were found to be Biofilm producers. There was 

significant association between Gutkha consumers with oral Candida carriage. 

The study suggests that there is higher colonization of Candida in diabetic 

populations than in healthy population. The result also concludes that frequency 

of Candida in Oral cavity of Gutkha consumers is also higher (p=0.041). All 

isolated strains of Candida albicans were tested for antifungal susceptibility 

testing by using Kirby Bauer disk diffusion method 76.19% were found to be 

Resistant to Fluconazole and 50% were found to be resistant to Amphotericin B. 

There was statistical significance in Biofilm formation and fluconazole Drug 

resistance. The highest prevalence of oral Candida was found to be in diabetic 

population and in Gutkha consumers. The greatest numbers of isolated Candida 

albicans were biofilm producer which showed greater frequency of Fluconazole 

drug resistance. Microtitre method was considered efficient method for screening 

biofilms. 

                        Keyword: Candida, Biofilm, Drug Resistance 
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CHAPTER I 

INTRODUCTION AND OBJECTIVES 

1.1 Background  

Candida albicans is known to be normal flora of human body harboring skin and 

mucosal cavity. It is found to be present in oral, vaginal mucosa and known to 

colonize 60% of healthy population (Lamont et al 2006). The human saliva 

contains a great number of microorganisms (approximately 10
8
 per ml). Most of 

the microorganisms in the saliva are derived from other parts of the oral cavity 

such as the teeth and oral mucosal surfaces as a result of mechanical abrasion 

caused by chewing, talking and swallowing. The micro vascular changes and 

possibly increased glucose concentration in the saliva and gingival crevicular 

fluid which might contribute in declining pH of saliva resulting in acidogenic 

microorganism substrate and plaque formation Candida albicans is dimorphic 

fungi occurring in both yeast and hyphae form. It is spherical–oval fungi 

measuring 5-50 um by 2-5 um in diameter in hyphae and 5-25 um in yeast form 

(Kasper et al 2005). Studies have suggested that Candida albicans are associated 

with number of opportunistic infections in immunocompromised patients like in 

HIV patients, cancer patients and diabetic patients etc. In diabetes mellitus type–II 

there has been known greater incidence of oral candidiasis which could be 

associated with immune dysfunction caused by high glucose concentration in 

blood, tissue and saliva (Obradovic R 2011). 

Candida has known to be opportunistic pathogen under immunosuppression and 

tobacco chewing conditions (Javed et al 2014; Hsia et al 1981). It is suggested 

that individuals chewing Gutkha are susceptible to oral Candida infections than 

non-chewers (Abdulijabbar et al 2017). Chewing Tobacco that includes Gutkha, 

Betel quid (BQ)  which is common habit in South Asian nations like in India, 

Pakistan, Bangladesh, Sri lanka and Nepal (Javed et al 2010). Betel quid is 

mixture of areca-nut, lime enveloped in piper betel leaf whereas Gutkha is found 
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in Sachet (Javed et al 2013). The possible Explanation for greater Candida 

colonization in Gutkha consumers could be due to the presence of nicotine and 

hydrocarbons such as polycyclic aromatic hydrocarbons acting as nutrient for 

Oral yeast facilitating its growth (Abdulijabbar, Hussain et al 2017; Hasia et al 

1981) 

Candida albicans pathogenesis is described by its host defense mechanism, 

adherence, and production of tissue degrading hydrolytic enzymes like protease, 

phospholipase and haemolysin and role in biofilm production on host tissue and in 

medical devices (Silva et al 2011). Biofilm production is associated with the role 

of fungi to evade host immune function. Biofilm overcome adhesions to host cell 

molecules resist antifungal therapy making the treatment of infection more 

complicated (Ozkan et al 2005). 

Diabetes mellitus also known as hyper glycaemia is the disease resulted by failure 

of metabolism of blood glucose by insulin hormone. The World Health 

Organization (WHO) has expected an increasing development of diabetes to more 

than 300 million by the year 2025; particularly, with type 2 diabetes mellitus. 

There lies the incidence of oral candidiasis in diabetic patients. DM is a highly 

prevalent worldwide, disorder characterized by a relative or absolute insufficiency 

of insulin secretion and/or concomitant resistance to the metabolic action of 

insulin on target tissues (Garber 1998). 

The significant difference in Candida species colonization was found between 

patients with diabetes (75.0%) and controls (35.1%) (P < 0.05) (Bartholomew 

1987). Alzarea et al (2015) reported a significant relationship between prevalence 

of Candida and oral hygiene where good oral hygiene attributed to least 

colonization by candida albicans. Pallavan et al (2014) reported that diabetic 

patients had higher prevalence of colonization by Candida albicans where they 

reported that increased glucose tissue level could have facilitated growth of yeast.  

Lamichhanae et al (2015) found that there was significant increase in CFU of 

candida albicans among diabetic patients than in non-diabetic individuals. They 



3 

 

reported a comparison of oral candida carriage in diabetic patients and control 

group where Candida’s CFU were higher in sample from diabetic patients. The 

oral candidiasis is significantly more frequent in diabetic patients compared to the 

non-diabetic subjects (Obradovi et al 2011). 

Patients with poor glycemic control are being particularly prone to severe and/or 

recurrent bacterial or fungal infections (Manfredi et al 2004). The opportunistic 

fungal infections including oral candidiasis are seen as early non-specific signs of 

uncontrolled Diabetes (Sykes et al 2001). Candidiasis has been known the most 

common mycosis of the oral cavity of both healthy and immunodeficient persons. 

It is a superficial opportunistic infection, essentially facilitated by local and 

systemic predisposing factors. The commonality of this disease is probably 

because 40-60% of healthy individuals harbor commensal Candida in the oral 

cavity, without any signs or symptoms of candidiasis (Soysa et al 2005). 

A number of factors are known associated with oral carriage of Candida in 

diabetic patients, like the type and duration of the diabetes, the degree of glycemic 

control, (Hill et al 1989) and denture wearing (Dorocka-Bobkowska et al 1996). 

Patients with poor glycemic control are being particularly prone to severe and/or 

recurrent bacterial or fungal infections (Manfredi et al 2004). 

Candida albicans exhibits hemolytic activity when grown on glucose-enriched 

blood agar. This activity is present on intact organisms, and it is secreted into the 

culture medium. Hemoglobin released from lysed erythrocytes can restore the 

transferrin-inhibited growth of C. albicans. In humans, most of the iron is located 

intracellular as ferritin or as heme-containing compounds. It is concluded that C. 

albicans expresses a hemolytic factor which allows it to acquire iron from host 

erythrocytes (Manns et al 1994).  

Virulence in C. albicans and other pathogens includes host recognition, which 

enables the pathogen to bind to host cells and proteins. Additionally, degradative 

enzymes play a special role in virulence. Fungal invasion is facilitated more by 
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the transition between yeast cells and filamentous growth than by yeast growth 

(Cullen & Sprague, 2012). 

The production of haemolysin plays an important role in virulence. This protein is 

essential for survival and is related to the acquisition of iron (Vaughn & 

Weinberg, 1978). Haemolysins are proteins produced by micro-organisms to 

destroy red blood cells. Iron, an inorganic element, is essential for the 

development of micro-organisms, including yeasts, and the ability to obtain this 

element is essential for the establishment of an infectious process (Manns et al., 

1994). 

Seven phospholipase genes have been identified (PLA, PLB1, PLB2, PLC1, 

PLC2, PLC3 and PLD1); however, the role of the enzymes encoded by these 

remains unclear (Samaranayake et al., 2006). PLB1 has been described as having 

a virulence role in animal models of candidiasis. Plb1p is an 84 kDa glycoprotein 

present at hyphal tips during tissue invasion and has hydrolase and 

lysophospholipase-transacylase activity (Ghannoum, 2000). 

The biofilm and the formation of an extracellular matrix, results the difficulty for 

the antifungal agents to reach yeast cells and shields from environment. The main 

antifungal mechanism is mediated by efflux pump and presences of subpopulation 

of perister cells are known (Douglas 2003; Ramage et al 2006).The studies 

indicated that the Antifungal drug resistance develops with the Biofilm maturation 

(Chandra et al 2001). 

Oropharyngeal candidiasis is an infection in the mouth and throat area. Usually, it 

is characterized by the formation of white patches on top of the tongue and 

throughout the mouth, which is also known as ―thrush‖. Candidal proteolytic 

enzymes, toxins and phospholipase in also studied in determining the virulence of 

the yeast. Secreted aspartic proteinases (Saps) are expected to overcome function 

during mucosal or disseminated infections. Mycotoxin may act to inhibit 

phagocytic activity or suppress the local immune system (Naglik 2003). 
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There are multiple mechanisms of azole resistance in C. albicans including 

mutations in the gene ERG11 involved in ergosterol biosynthesis and the 

overexpression of drug efflux pumps (White et al 2002). ATP-binding cassette 

(ABC) pumps and the major facilitator superfamily (MFS) transporters are the 

two main families of the efflux protein. Azoles target the 14α-demethylase 

enzyme encoded by ERG11, blocking ergosterol biosynthesis. This leads to 

depletion of ergosterol, thus inducing the accumulation of intermediates from the 

toxic sterol pathways, which inhibit growth (Ramage et al 2012). High-level azole 

resistance is caused by the overexpression of ABC efflux pumps in the plasma 

membrane (Cannon et al 2009). 

Clinically, oral candidiasis may present as pseudomembranous candidiasis, 

erythematous candidiasis, hyperplastic candidiasis, denture-associated 

erythematous candidiasis, angular cheilitis, median rhomboid glossitis and 

chronic mucocutaneous candidiasis (Napenas et al 2009; Farah et al 2010). 
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1.2. Objectives 

1.2.1 General Objective  

 To assess antifungal susceptibility of biofilm producing Candida albicans 

isolated from oral cavity of diabetic and non-diabetic population of Dharan, 

Nepal. 

1.2.2 Specific Objectives  

i. To determine the carriage rate of oral Candida carriage among diabetic and 

non-diabetic patients. 

ii. To assess the antifungal susceptibility test. 

iii. To determine hemolytic activity and phospholipase activity of Candida 

albicans. 

iv. To assess the ability of biofilm production. 
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CHAPTER II 

                     LITERATURE REVIEW 

2.1 Candida albicans 

Candida albicans is a member of the normal human microbiome. Candida are 

almost universal on normal adult skin and C. albicans is part of the normal flora 

of the mucous membranes of the respiratory, gastrointestinal, and female genital 

tracts .In most individuals, C. albicans resides as a lifelong, harmless commensal. 

Under certain circumstances, however, C. albicans can cause infections that range 

from superficial infections of the skin to life-threatening systemic infections 

(Francois et al 2013). C. albicans is adept at adhering to catheters and various 

indwelling medical implants, and is currently ranked by the Center for Disease 

Control as the third most commonly isolated bloodstream pathogen in 

hospitalized patients with a mortality rate of up to 50% (Mayer et al 2005). 

Candida albicans ability to utilize iron for multiplication in host tissue has been 

suggested a virulent role by producing Hemolysin. Candida species hemolytic 

activity was found higher in human blood enriched SDB supplemented by 3% 

glucose. The result suggested a strong relation of increased blood sugar level in 

diabetes contributing to increased hemolytic activity of yeast (Malcok et al 2009). 

In Nepal, Subramanya et al (2017) reported out of the total of 71 isolates we 

obtained, 48 (67.6%) were Candida albicans. Sharma et al (2017) could isolate all 

the species of Candida, namely, Candida albicans, Candida glabrata, Candida 

dubliniensis, Candida krusei, Candida parapsilosis except Candida tropicalis 

which showed significantly higher (p<0.001) occurrence in the diabetic group 

patients in comparison to the healthy individuals.  

The human saliva contains a great number of microorganisms (approximately 10
8
 

per ml). Most of the microorganisms in the saliva are derived from other parts of 

the oral cavity such as the teeth and oral mucosal surfaces as a result of 

mechanical abrasion caused by chewing, talking and swallowing. The micro 
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vascular changes and possibly increased glucose concentration in the saliva and 

gingival crevicular fluid which might contribute in declining pH of saliva 

resulting in acidogenic microorganism substrate and plaque formation. As a 

Result of that, the increased growth of acidogenic microorganisms such as 

Candida albicans will had a prominent role in developing various oral 

complications (Touger 1996). 

2.2 Classification of Candida 

The genus Candida includes around 154 species among which about six species 

are dominantly and frequently isolated from human infections. The most common 

pathogens considered as causative agent of Candida infections are Candida 

albicans, Candida tropicalis, Candida glabrata, Candida parapsilosis,Candida 

glabrata and Candida Krusei. Patients receiving fluconazole are at risk of 

developing infections due to fluconazole resistant Candida krusei and Candida 

glabrata strains (Kasper et al 2005). 

2.2.1 Classification on the basis of pigment production 

Candida species can produce various pigmentation when grown in CHROM Agar 

media (Kasper et al 2005). 

Candida Species : colony characteristics 

Candida albicans : green 

Candida tropicalis : metallic blue 

Candida krusei : Pink, fuzzy 

other Species : white to mauve 

2.3 Characteristics of Candida albicans 

The colonies of Candida spp. are cream colored to yellowish, grow rapidly and 

mature in 3 days. The texture of the colony may be pasty, smooth, glistening or 

dry, wrinkled and dull, depending on the species (Kasper et al 2005). 
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Candida species can be characterized by ability of Germ tube formation test 

usually shown by Candida albicans, Candida dubliensis and Candida tropicalis. 

Candida species can all grow in budding yeast from Characterization of Candida 

species by a germ-tube formation test Candida (blastospores). These budding 

yeast cells are spherical or oval in shape and are approximately 2.5 x 3.7 µm in 

size. However, some Candida species are pleomorphic and can grow in different 

growth forms during pathogenesis in humans or in other stress-induced media as a 

means to compensate for the changing conditions in the new environment (Kasper 

et al 2005). 

Chlamydospore formation is another morphological diagnostic tool routinely used 

in the medical mycology laboratory to distinguish between two closely related 

candidal pathogens, C. albicans and C. dubliniensis, whose natural habitat is the 

human host (Pfaller et al 2014). Cultures carried out on C. albicans and C. 

dubliniensis in vitro by other authors on certain nutrient deficient media in the 

dark at 25ºC under microaerophilic conditions also yielded chlamydospores. 

Chlamydospores are inter-calary, terminal spores that are formed by the rounding-

off of cells in growing hyphae.The transition between yeast and hyphal growth 

forms is termed dimorphism and it has been proposed that both growth forms are 

important for pathogenicity (Jacobsen et al 2012).  

2.3.1 Colony Characteristics 

Colonies on SDA is creamy, pasty colonies, smooth after 24-48 hours at 25-37°C. 

In blood agar the colonies are white creamy (Kasper et al 2005). 

2.4 Virulence factors   

Candida albicans is a polymorphic fungus that can grow in several different 

forms, primarily yeast, pseudo hyphae, and hyphae. For its pathogenicity, its 

ovoid-shaped budding yeast and parallel-walled true hyphae forms are the most 

important.  
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2.4.1 Adhesins 

Candida albicans have special sets of glycosylphosphatidylinositol (GPI)-linked 

cell surface glycoproteins that allow it to adhere to the surfaces of 

microorganisms. These glycoproteins are encoded by 8 sets of agglutinin-like 

sequence (ALS) genes, ranging from Als1-7 and Als9. For adhesion, the Als3 

gene appears to the most important as it is up regulated during an infection of oral 

and vaginal epithelial cells. Also, it helps with biofilm formation by helping with 

adhesion to each other (Murciano et al 2012). 

2.4.2 Invasins 

Along with adhesion, Als3 proteins can function as invasins that help with the 

invasion of C. albicans into host epithelial and endothelial cells. Another 

important invasin gene is Ssa1, which normally codes for heat-shock proteins. 

Basically, these specialized proteins on the pathogen’s surface mediate binding to 

host ligands, such as E-cadherin on epithelial cells and N-cadherin on endothelial 

cells, and it induces host cells to engulf the fungal pathogen. Another method of 

invasion is the active penetration of C. albicans into host cells by an unknown 

mechanism involving hyphae (Wachtler et al 2011). 

2.4.3 Heat shock proteins  

The heat shock response is a conserved reaction of living organisms to stressful 

conditions such as high temperature, starvation and oxidative stress (Lindquist et 

al 1992).  

2.4.4 Biofilm formation 

Candida albicans have the ability to form biofilms on living and non-living 

surfaces, such as mucosal membranes and catheters, respectively. After the 

adherence of yeast cells to the surface, there is development of hyphae cells in the 

upper part of the biofilm. Eventually, this leads to a more resistant, mature biofilm 

and the dispersion of yeast cells – both contributing to the pathogen’s virulence. 

In the process of biofilm formation, Bcr1, Tec1 and Efg1 function as important 
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transcriptional factors (Fanning et al 2012). Recent studies show that biofilms 

protect C. albicans colonization from neutrophil attack and deter the formation of 

reactive oxygen species (Xie et al 2012). 

2.4.5 Secreted hydrolases 

Candida albicans secrete 3 main classes of hydrolases: proteases, phospholipases 

and lipases. It is proposed that these hydrolases help facilitate the pathogen’s 

active penetration into host cells and the uptake of extracellular nutrients from the 

environment. There are about 10 known secreted aspartic proteases (Sap1-10), 

and their exact contribution to pathogenicity is controversial. For phospholipases, 

there are 4 major classes (A, B, C, and D), and all 5 members of the B class are 

involved with the disruption of a host cell surface. Thirdly, lipases are consisted 

of 10 members (LIP1-10), and studies show that there is decreased virulence in 

their absent (Wachtler et al 2012). 

2.4.6 Metabolic adaption 

Candida albicans are usually found in the gastrointestinal microbiome of healthy 

individuals, and in this environment, nutrient levels are relatively high. However, 

during niche changes in the course of an infection, available nutrient levels will 

also change. Consequently, the fungus can quickly undergo metabolic adaption, 

such as their glycolysis, gluconeogenesis, and starvation responses (Brock 2009). 

For example, in the case of candidemia, C. albicans infect the bloodstream, which 

is typically rich in glucose. Nevertheless, it might be phagocytosed into a 

macrophage or neutrophil. In response, C. albicans quickly switch from its 

glycolysis to starvation response with the activation of the glyoxylate cycle. Due 

to this flexibility, C. albicans can infect almost every organ in a human host 

through the bloodstream, providing candidemia’s higher mortality rate (Brock 

2009) 
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2.4.7 Cell wall associated factors 

The cell wall composition of C. albicans is 90% carbohydrate and 10% protein. 

The fibrillar outer layer consists of mannoproteins, while the β-glucans/chitin 

layer lies underneath the mannoprotein, with both providing strong support to the 

cell wall. The outer cell wall consists of mannans that are less structured and 

permeable thus affecting the cell resistance against antifungal agents. The 

carbohydrate in the cell walls not only induces the immune response of the host, 

but also induces hyperactivity of the inflammatory response causing pathogenicity 

of the C. albicans. The transition of C. albicans from colonizing organism into 

pathogenic organism involves multiple complex pathways (Gow and Hube 2012). 

2.5 Pathogenicity 

Pathogenicity of the Candida is determined by the ability to change the normal 

flora to opportunistic pathogen by dropdown of host immune response. 

Adherence is known to be important virulence factor that is mediated by specific 

(ligand receptor interactions) and non-specific (electrostatic charge, van der 

Waals forces) mechanisms by whi9ch the yeast attaches to different tissue types 

and inanimate surfaces (Cotter et al 2000). 

Candida is dimorphic fungi that exist in different phenotypes in human. 

Blastospores phenotypic form is known to be responsible for transmission and 

spread, and the mycelial form of germinating yeast is known to be tissue invasive 

form. However, both blastoconidia and (pseudo) hyphae are capable of destroying 

superficial cells by direct invasion (Sobel 1984).  

Along with adhesion, Als3 proteins can function as invasins that help with the 

invasion of C. albicans into host epithelial and endothelial cells. Another 

important invasin gene is Ssa1, which normally codes for heat-shock proteins. 

These specialized proteins present on the pathogen’s surface mediate binding to 

host ligands, such as E-cadherin on epithelial cells and N-cadherin on endothelial 

cells, and it induces host cells to engulf the fungal pathogen. Another method of 
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invasion is the active penetration of C. albicans into host cells by an unknown 

mechanism involving hyphae (Wächtler et al 2011). 

2.6 Oropharyngeal Candidiasis 

Oropharyngeal candidiasis is an infection in the mouth and throat area. Usually, it 

is characterized by the formation of white patches on top of the tongue and 

throughout the mouth, which is also known as ―thrush‖. Candidal proteolytic 

enzymes, toxins and phospholipase in also studied in determining the virulence of 

the yeast. Secreted aspartic proteinases (Saps) are expected to overcome function 

during mucosal or disseminated infections. Mycotoxin may act to inhibit 

phagocytic activity or suppress the local immune system (Naglik 2003). 

Oral candidiasis Candida species are part of the normal oral flora and the most 

commonly identified pathogen is C. albicans (Manfredi et al 2002). A simplistic 

explanation for the increased carriage rates in diabetic patients is the increase in 

salivary glucose levels as a source of nutrients for the fungi (Kasper et al 2005). 

However, it is also possible that changes to the mucosal immune response affect 

the ability of Candida to colonise the oral mucosa. It has been shown that buccal 

epithelial cells from diabetic patients permit increased adhesion of C. albicans. 

The mechanism of this binding is unknown but may be due to reduced salivary 

lysozyme production of extracellular proteinases or up regulation of receptors for 

complement such as inactivated C3b (iC3b) in high glucose concentrations 

Alternative theories include increased adhesion of C. albicans to epithelial cells 

when grown in high sugar media due to the development of a fibrofloccular layer 

on yeast cell surfaces. Accumulation of glycosylation products in epithelial cells 

may increase numbers of receptors for C. albicans. In addition it has also been 

reported that high salivary glucose concentrations may lead to increased 

resistance to intracellular killing by macrophages (Manfredi et al 2006). 
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2.7 Candida Colonization of Oral Cavity 

C. albicans may cause two major types of infection; superficial infections such as 

oral or vaginal infections and life-threatening systemic infections (Mayer et al 

2013). In the oral cavity, Candida can adhere to the oral epithelial cells, saliva 

molecules and teeth. They also adhere to the inert polymers of dental prostheses 

and other oral microorganisms. In the mouth, C. albicans is primarily isolated 

from the posterior half of the dorsum of the tongue and secondarily from saliva 

and other sites of the oral cavity (Arendorf and Walker 1980). 

2.8 Promoting Factor of Candidiasis 

Clinically, there are some factors that predispose to oral candidiasis including 

drug therapy, especially broad-spectrum antibiotics, immuno modulatory and 

xerogenic medications, blood dyscrasias and malignancy, dietary factors, 

endocrine disorders, immunologic disorders and salivary changes (Farah et al 

2000). Drug therapy, including broad-spectrum antibiotics, immuno modulatory 

medications and cytotoxic medications, alters the host susceptibility, resulting in 

oral candidiasis (Cannon et al 1995). Individuals with diabetes were found to have 

higher Candida carriage rate than the non-diabetics, presumably due to increased 

Candida growth with high glucose levels in saliva and decreased pH (Soysa et al 

2005). 

Local factors that promote oral candidiasis Local factors that predispose to oral 

candidiasis include irritation from ill-fitting dentures and poor oral hygiene (Farah 

et al 2000). Poor denture hygiene such as wearing the dentures continuously 

without taking them out at night and poor denture cleanliness predisposes the 

individuals to denture-related oral candidiasis. 

2.9 Clinical Presentations of Oral Candidiasis  

Clinically, oral candidiasis may present as pseudomembranous candidiasis, 

erythematous candidiasis, hyperplastic candidiasis, denture-associated 
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erythematous candidiasis, angular cheilitis, median rhomboid glossitis and 

chronic mucocutaneous candidiasis (Napenas et al 2009; Farah et al 2010). 

2.9.1 Localized oral infections  

There are 3 major types of infections caused by Candida albicans: Oropharyngeal 

candidiasis, vulvovaginal (genital) candidiasis, and invasive candidiasis 

(candidemia). 

2.9.2 Oropharyngeal Candidiasis 

Oropharyngeal candidiasis is an infection in the mouth and throat area. Usually, it 

is characterized by the formation of white patches on top of the tongue and 

throughout the mouth, which is also known as ―thrush‖. Thrush can be removed 

with a blade or a cotton-tipped swab, but the underlying tissue will be irritable 

and show a distinct redness. This infected area will cause soreness and difficultly 

during eating (Robertson 2011). 

 

 

Oropharyngeal  Candidiasis: (https://en.wikipedia.org/wiki/Oral_candidiasis) 
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2.9.3 Vulvovaginal (genital) candidiasis 

Vulvovaginal candidiasis is the infection of the genital region, typically the 

vaginal walls, in women. The vaginal yeast infection causes itchiness and a 

burning-sensation in the vagina and surrounding tissues. Also, a white discharge – 

described with an appearance similar to white cottage cheese – is typically 

present. Genital candidiasis is much more prevalent in women, but men can also 

contract it. Although it is not considered an STD, men are usually infected after 

sex with a woman having a vaginal yeast infection. Symptoms involved rash, 

irritation on the head and surrounding skin of the penis (Robertson 2011). 

2.9.4 Invasive Candidiasis (Candidemia) 

Invasive candidiasis (or candidemia) is the infection of C. albicans into the 

bloodstream. This leads to its invasion of organs throughout the body, such as the 

kidney, liver, brain, and many more. Patients began to suffer from fevers, chills, 

fatigue, muscles aches, and abdominal pains. Typically, patients with 

compromised immune systems are only at risk, while healthy people are 

susceptible to oral/genital candidiasis. Compromised immune systems can be 

caused by chemotherapy, transplantation, broad-spectrum antibiotics, and much 

more (Robertson 2011). 

2.10 Mechanism of Resistance  

Resistance to imidazoles and triazoles, particularly fluconazole, is more common 

than to polyenes, allylamines and echinocandins (Cannon et al 2009). Host factors 

that predispose to azole resistance are immunocompromised, including HIV 

infection or in bone marrow transplant patients undergoing immunosuppressive 

therapy and repeated or long term use of azole antifungals. There are multiple 

mechanisms of azole resistance in C. albicans including mutations in the gene 

ERG11 involved in ergosterol biosynthesis and the overexpression of drug efflux 

pumps (White et al 2002). ATP-binding cassette (ABC) pumps and the major 

facilitator superfamily (MFS) transporters are the two main families of the efflux 

protein. Azoles target the 14α-demethylase enzyme encoded by ERG11, blocking 
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ergosterol biosynthesis. This leads to depletion of ergosterol, thus inducing the 

accumulation of intermediates from the toxic sterol pathways, which inhibit 

growth (Ramage et al 2012). High-level azole resistance is caused by the 

overexpression of ABC efflux pumps in the plasma membrane (Cannon et al 

2009). The overexpression of these transporters plays a major role in developing 

antifungal drug resistance, mainly to azoles (Akins 2005) by reducing the 

intracellular azole concentration. Interestingly, expression of these ABC efflux 

pumps is induced in C. albicans cells by the antipsychotic fluphenazine.  

Another important factor in azole resistance is biofilm production on host tissues 

by C. albicans (Cannon et al 2009). These biofilms are resistant to azole 

antifungal agents. Biofilms are defined as an enclosed extracellular matrix (ECM) 

containing highly structured communities of microorganisms, either attached to 

the surface or attached to one another (Ramage et al 2012). Microorganisms that 

produce biofilms have advantages such as protection from the environment, 

resistance of physical and chemical stress, metabolic cooperation and community-

based regulation of gene expression.  

2.11 Prevalence of Candida in the Community 

Candida albicans is normal flora, lives in 40- 80% of the human population with 

no harmful effects, it recognizes and destroys harmful bacteria. In a healthy 

person, it is found in low concentrations and is controlled by immune system and 

the beneficial (probiotics) bacteria such as Lactobacilli.  

2.12 Sources and transmission of Candida  

Transmission 

Candida albicans is usually transmitted from mother to infant through childbirth, 

and remains as part of a normal human’s microflora. The typical reservoir for C. 

albicans is in the normal human microflora, and is not found in animal vectors. 

People-to-people acquired infections mostly happen in hospital settings where 
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immunocompromised patients acquire the yeast from healthcare workers; studies 

show about a 40% incident rate (Robertson et al 2011). 

2.13 Clinical presentations 

Pseudomembranous candidiasis Pseudomembranous candidiasis or thrush is the 

most common presentation of oral candidiasis (Cannon et al 1995). It presents 

clinically as confluent whitish-yellow creamy or yellow velvety plaques on the 

surfaces of the oral mucosa (Reichart et al 2000; Farah et al 2010).  

2.13.1 Erythematous candidiasis: The clinical presentation of erythematous 

candidiasis (previously known as atrophic candidiasis) is localized erythema of 

the oral mucosa (Reichart et al 2000).  

2.13.2 Hyperplastic candidiasis: Hyperplastic candidiasis presents as a chronic, 

well-demarcated, slightly raised, adherent white lesion of the oral mucosa. It 

ranges from small, translucent lesions to large, dense opaque, hard and rough on 

palpation, plaque-like lesions (Scully et al 1994). 

2.13.3 Denture-associated erythematous candidiasis: A common inflammatory 

oral mucosal lesion that appears on the mucosa in contact with the fitting surface 

of a denture. It is frequently asymptomatic, but patients may experience slight 

soreness or a burning sensation (Scully et al 1994). 

2.13.4 Angular cheilitis: Clinically, it appears as erythematous, fissured lesions 

at the corners of the mouth, usually asymptomatic and bilateral (Samaranayake et 

al 2002; Farah et al 2010). 

2.14 Action of Antifungal Drugs 

2.14.1 Polyenes 

Polyenes are Macrolide antibiotics, containing unsaturated diene bond. The 

polyene antibiotics are all products of Streptomyces species. These antibiotics 

interact with sterols in cell membranes (ergosterol in fungal cells; cholesterol in 
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human cells) causing increased membranes permeability with subsequent leakage 

of intracellular ions and materials and death of the cell.Second, it causes oxidative 

damage of cytoplasmic membrane components and release of lethal free radicals. 

The polyene antifungal agents include nystatin, amphotericin B, and pimaricin. 

.14.2 Azoles 

Azole medications are a family of antifungal drugs that end in the suffix "- azole". 

An azole is a class of five-member nitrogen heterocyclic ring compounds 

containing at least one other non-carbon atom of either nitrogen, sulfur, or oxygen 

(Eicher and Hauptmann 2003). The clinically useful imidazoles are clotrimazole, 

miconazole, and ketoconazole. Two important triazoles are itraconazole and 

fluconazole. Clotrimazole and Itraconazole are insoluble in water; Ketoconazole 

is soluble at pH 3 or less. Fluconazole is water soluble at neutral pH (Johnson and 

Kauffman 2003). 

Azoles have a broad antifungal spectrum in vitro, activity has demonstrable in 

experimental animals or patients with candidiasis.The azole inhibits cytochrome 

P450-dependent enzymes (particularly C14-demethylase) involved in the 

biosynthesis of ergosterol, which is required for fungal cell membrane structure 

and function the azoles are being used for muco-cutaneous candidiasis, 

dermatophytosis, and for some systemic fungal infections (Salvo 2009). 

2.15 Resistance  

2.15.1 Biofilm  

In C. albicans, the biofilm matrix is largely composed of polysaccharides such as 

β-1,3-glucan, β-1,6-glucan, and mannans and to a lesser extent, proteins (Al-

Fattani and Douglas 2006). A biofilm is a microbially derived sessile community 

characterized by cells that are irreversibly attached to a substratum or interface or 

to each other, embedded in a matrix of extracellular polymeric substances that 

they have produced, and exhibiting an altered phenotype with respect to growth 

rate and gene transcription. The biofilm and the formation of an extracellular 
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matrix, results the difficulty for the antifungal agents to reach yeast cells and 

shields from environment. The main antifungal mechanism is mediated by efflux 

pump and presences of subpopulation of perister cells are known (Douglas 2003; 

Ramage et al 2006).The studies indicated that the Antifungal drug resistance 

develops with the Biofilm maturation (Chandra et al 2001). 

2.15.2 Mechanisms of Candida albicans resistance to antibiotics 

Candida albicans strains are typically susceptible to fluconazole and certain other 

azole antifungals, but there are increasing reports of resistance, especially in HIV 

patients. Several mechanisms have been reported: 

1. Reduced membrane ergosterol due to defective biosynthetic genes. 

2. Alterations in sterol content or structure. 

3. Masking of ergosterol molecules (Fidel et al 1999; Cooper 2007). 

2.16 Host Immune Response 

Candida albicans possess the ability of evading the host immune system immune 

system’s immunological surveillance. Studies have shown that the innate and 

adaptive immune systems play a role in the clearing of fungal growth. T Helper I 

cells are known to produce cytokines that activate phagocytes (Romani 2000). 

2.17 Prevention and Treatment 

Taking the following measures can help reduce the risk of oral thrush developing 

(Robertson 2011): 

 Brushing regularly: Teeth must be brushed twice a day with toothpaste 

containing fluoride.  

 Cleaning dentures: Dentures should be cleaned every day.  
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 Attending dental appointments regularly: Dental check-ups should be 

attended regularly. Diabetes patients must attend dental appointments 

regularly. 

 Keeping diabetes under control: Individuals with diabetes should therefore 

keep their blood sugar level under control, to reduce the amount of sugar 

in their saliva. 

 Taking care what you eat: Sugar enriched foods can favor the growth of 

yeast. Gutkha and Betel Quid must be avoided.  

 Rinsing the mouth after corticosteroid inhalation: People who use a 

corticosteroid inhaler for asthma should rinse their mouth and brush their 

teeth afterwards.  

 Stopping smoking: Inhaled tobacco smoke dries the mouth and disrupts 

the microbial balance which can lead to overgrowth of Candida. 

Antifungal Agents: (https://www.cps.ca/en/documents/position/antifungal-

agents-fungal-infections) 

i. Oral candidiasis: Nystatin, miconazole, amphotericin B. 

ii. Cutaneous candidiasis: Clotrimazole, econazole, ciclopirox, miconazole, 

ketoconazole, nystatin. 

iii. Systemic and oral azoles: Fluconazole, itraconazole or posaconazole. 

iv. Vulvovaginitis: single dose of oral fluconazole, topical antifungals 

(butoconazole, clotrimazole, miconazole, nystatin, ticonazole, terconazole). 

v. Blood infections: intravenous fluconazole or an echinocandin (caspofungin) 

vi. Candidemia: Fluconazole and Anidulafungin 
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                                              CHAPTER III 

MATERIALS AND METHODS 

3.1Materials 

A complete list of materials, equipment’s, chemicals, reagent, antibiotics and 

media used for this study are listed in Appendix I. 

3.2 Methods 

3.2.1 Place of study 

The study was carried out in Dharan Sub Metropolitan city, Eastern Nepal from 

May to September 2018. 

3.2.2 Sample size and types 

During the study 200 oral rinse samples were analyzed. All the work concerning 

this research was carried out in microbiology laboratory in Central Campus of 

Technology. The different clinical samples analyzed were from different potential 

risk population (50-barbers, 50-municipal waste workers, 50-diabetic and 50-

healthy individuals). 

3.3 Sample collection 

The clinical sample for study were collected randomly from the sample 

population and transported to microbiology laboratory maintaining cold chain 

(CDC guideline D). All the collected samples were labeled with participant's 

identification number. In case of delay, the sample was usually stored at 4°C in 

the refrigerator. The sample from diabetic patients will be collected on basis of 

inclusion and exclusion criteria. 
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3.3.1 Inclusion criteria 

Group I patients: In the inclusion criteria, participant having DM without any 

other oral lesions with following criteria were included in the study. Participants 

who have not received antibiotic and corticosteroid therapy before 4 weeks were 

included in study. 

1. Random blood sugar (RBS) ≥200 mg/dl or 

2. Fasting blood sugar (FBS) >126 mg/dl. 

3. Group II patients: Patients who did not have DM or any other systemic 

illness was included in the Group 2 (Control group). 

Group 2: It included Healthy population who were nutritionally fit, without any 

clinical signs of diseases, without any clinical medication. 

3.3.2 Exclusion criteria 

The people who never meet above criteria were included under exclusion criteria. 

3.4 Culture of oral rinse in SDA  

Ten ml of sterile saline were allowed to be rinsed for 1 minute and inoculated in a 

broader capped sterile container .An aliquot of 50 microliter were inoculated in 

SDA (HiMedia, Mumbai, India) with chloramphenicol (0.05 g/l) and incubated at 

37°C for 24-48 hours (Lamichhane et al 2015). Pure culture was identified by 

colony characteristics, grams staining and biochemical tests. The culture sample 

was subjected for antifungal susceptibility test, biofilm production and virulence 

activity. 
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3.5 Assessment of Candida colonization by Quantitative 

Enumeration of Candida. 

Number of colonies formed after incubation were counted by colony counter 

counted and multiplied with a factor of 20 to get the colonies in 1 ml of a 

subject’s sample. 

Number of colonies contained in 50 μl of sample = n 

Therefore the number of colonies in 1000 μl 

 (1 ml) 

= n x 1000/50 

= n x 20 

3.6 Identification of Isolates 

3.6.1 Identification with staining method 

Gram staining was performed as according to standard technique using acid 

alcohol as decolorizer. Staining procedure and reagents are given in appendices. 

3.6.2 Identification with biochemical test 

Appropriate biochemical test were performed for identification of yeast isolates: 

i. Germ tube test 

ii. Chlamydospore formation test 

The procedures for germ tube of Candida albicans are mentioned in the 

Appendix. Candida albicans was identified by Chlamydospore formation on Corn 

meal agar. 
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3.7 Characterization  

The Biofilm production, Antifungal susceptibility test, phospholipase test and 

Haemolysin activity, Haemolysis Degree was studied. 

3.7.1 Hemolysin Assay  

Haemolysin activity was evaluated according to Manns et al (1994). Hemolysin 

production by Candida albicans was performed by inoculation overnight culture 

of yeast on Sugar-enriched sheep blood agar as described by Manns et al (1994). 

The Blood base agar media was prepared by adding 5-7 ml of fresh blood to 

Saboured Glucose Agar with 3% glucose. The plates were incubated at 37ºC in 

5% CO2 for 48 hrs. The ratio of diameter of colony to the sum of diameter of the 

colony and the zone gives Hemolytic Index (Hz value). 

3.7.2 Screening impact of diabetes in hemolytic activity 

The hemolytic activities were tested on Saboured dextrose Broth liquid media 

(SDB) containing 7% defibrinated human blood according to Malcok et al (2009). 

One was supplemented with 3% glucose and the other without glucose. Candida 

albicans culture was inoculated and incubated for 48 hrs. The hemolysis in the 

media was detected spectrophotometrically by measuring the amount of released 

hemoglobin and compared with a standard hemolysate which was prepared prior 

to testing. The degree of hemolysis (percentage value) by an individual strain was 

calculated according to the following formula below: (Absorbance of supernatant 

media at 540 nm/Absorbance of standard hemolysate at 540 nm X 100). 

3.7.3 Screening Candida albicans for production of phospholipase  

The phospholipase test was done according to Samranayakae et al (1984). Egg 

yolk agar media was inoculated by 2 𝜇L of the inoculum and allowed to dry at 

room temperature. The plates will be incubated at 37ºC for 3-4 days. 𝑃𝑧 will be 
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measured by dividing the diameter of the colony by the sum of diameter of the 

colony and the zone. 

3.8 Biofilm Assays 

3.8.1 Microtitre plate method  

The quantification of biofilm was performed according to Christensen et al 

(1985). In this method, 5 ml of overnight culture of Candida albicans was 

prepared. Then 100 microliter of diluted culture was inoculated in a microtitre 

well containing TSB with glucose. The plate was incubated at 37ºC for 24 hours 

for biofilm production. The unbound cell was discarded and washes several times. 

125 μl of 0.1 % crystal-violet solution was added and left for 10-15 mins 

incubation. The plate was washed and left inverted for dry. The quantitative 

Determination was performed by solubilizing the biofilm by adding 125 μl of 

30% acetic acid to each well and incubated the plate for 10-15 mins at room 

temperature and transfer to another microtitre plates and reading the absorbance at 

405 nm by ELISA plate Reader. Interpretation is made on OD by subtracting OD 

of control wells from OD of test wells. 

Mean OD 
Adherence Biofilm formation 

<0.120 Non/Weak Non/Weak 

0.120-0.240 Moderate Moderate 

>0.240 Strong Strong 

 

3.8.2 Tube method  

A qualitative assessment of biofilm formation was done as described by 

Christensen et al (1985). The TSB glu (10 mL) was inoculated with a loop full of 

Candida albicans from overnight culture plates and incubated for 24 hours at 

37°C. The tubes was decanted and washed with PBS (pH 7.2) and dried. Then the 

tubes were stained by 0.1% crystal violet. Stain was removed by deionized water. 
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Tubes were then dried in inverted position for biofilm formation. Biofilm 

formation was considered positive when a visible film lined the wall and bottom 

of the tube. Ring formation at the liquid interface was not indicative of biofilm 

formation. Experiments was performed in triplicate and repeated for three times. 

3.8.3 Congo red Agar Method (CRA) 

The Candida albicans culture was streaked on surface of Congo Red Agar and 

incubated at 37ºC for 24-48 hours (Freeman et al 1989). Black coloured colonies 

with dry crystalline consistency interpreted as positive biofilm producing strains. 

Red coloured colonies- interpreted as negative for biofilm production. 

3.9 Antifungal Susceptibility Testing 

All Candida albicans isolated from samples were subjected to in-vitro antifungal 

susceptibility test by Kirby-Bauer disc diffusion method as recommended by 

CLSI 2010. In this study the antifungal used were Amphotericin-B (100 Units) 

and fluconazole 10 (mcg) (Himedia, Mumbai India). 

3.10 Quality Control for Tests 

In this study, quality and accuracy of all test was maintained by following 

standard procedures of collection, isolation and identification. For quality control, 

media, antibiotics and reagents were prepared, stored and utilized as 

recommended by the manufacturing company. Antifungal discs were stored at 

refrigerator temperature. 

3.11 Data Analysis 

The information collected from questionnaire was documented and tabulated. The 

data were statistically analyzed at 5 % level of significance by SPSS.  
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Flow chart for sample processing 

 

Sample population: 50 barber, 50 municipal workers, 50 diabetic and 50 healthy 

 

                               Sample collection by oral rinse method 

 

                                   Sample transportation and vortex 

 

      50µl sample inoculated in SDA with Chloramphenicol and incubated at 37ºC 

for 24-48 hrs. 

 

                              Colony observation and CFU counted 

 

                                                     Pure culture       

  

             Antifungal disks are placed and incubated at 37 °C for 24 hrs. 

  

                                                     Pure culture 

 

     Phospholipase assay                                      Hemolysin assay 

 

                                            Biofilm production 

 

           Tube method             Congo red method       Microtitre plate method 
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CHAPTER IV 

RESULTS 

The study was done in Microbiology Lab of Central Campus of Technology; 

study period was from 23
rd 

June to September 26, 2018. 

4.1 Gender wise Distribution of C. albicans in sample population 

Candida albicans were isolated from 29 (69.04%) male population and 13 

(30.96%) female population.  

 

 

Figure 4.1: Gender wise distribution of C. albicans in sample population 
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4.2 Age wise Distribution of C. albicans in sample population 

In this study, total Candida albicans isolated was 42 out of 63 positive samples of 

total Candida. The maximum frequency of organism was found in between age 

group of 40-50 years. The association of Candida in in different age groups was 

found to be statically insignificant p= 0.077 (P>0.05).  

 

Figure 4.2: Age wise distribution of Candida albicans in sample population 
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4.3 Comparative study of Candida Carriage isolated from 

different populations 

In this study, all oral rinse samples were cultured and the quantification of 

Candida carriage was done by enumerating CFU/ml. Higher prevalence of 

Candida was isolated from Diabetic populations. The highest percentage of 

Candida carriage was isolated from Diabetic 29 (58%), Followed by Barbers 15 

(30 %), Municipal waste worker 6 (12 %) and Healthy 13 (26 %). The 

Comparative study of Candida carriage isolated from different population is 

shown in Table 4.3 

Fungal Load per mL 

of Sample (CFU) 

Population Type 

Total 
Barber Diabetic Healthy 

Municipal Waste 

Worker 

Below 400 5 - 4 5 14 

400-800  10 5 8 1 24 

800-1200  - 15 1 - 16 

1200-1600 - 8 0 - 8 

1600 above  - 1 0 - 1 

Total 15 29 13 6 63 

 

Table 4.3: Comparative study of Candida Carriage isolated from different 

populations 
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4.4 Comparative study of Candida albicans isolated from different 

populations 

In this study, all the oral rinse samples were cultured culture for growth of 

Candida albicans. Higher number of Candida albicans were isolated from 

Diabetic population 29 followed by Barbers 15, Municipal Waste worker 6 and 

Healthy populations 13 respectively. The highest percentage of Candida albicans 

was isolated from Diabetic population 16 (55.17%), followed by Barbers 15 

(100%), Healthy population 6 (46.15%) and Municipal waste worker 5 (83.33%). 

The Comparative study of Candida albicans isolated from different Populations is 

shown in Table 4.4 

Table 4.4: Comparative study of Candida albicans isolated from different                

Populations 

Population No of positive 

isolates 

No of Candida 

albicans 

1. Diabetic population      58% 

          (29/50) 

    32%  

  (16/50) 

2. Barbers       30% 

    (15/50) 

    30%  

  (15/50) 

3. Municipal waste workers       12% 

    (6/50) 

    10% 

   (5/50) 

4. Healthy       26% 

   (13/50) 

     12% 

   (6/50) 

Total        63     21%            

(42/50) 
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4.5 Prevalence of Candida in Population 

The overall presence of Candida was 31.5 % whereas the overall prevalence of 

Candida albicans was 21 % in total 200 populations. The prevalence of Candida 

in population is shown in Figure 4.5. 

 

                        Figure 4.5: Prevalence of Candida in Population 
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4.6 Antifungal susceptibility pattern of Candida albicans isolates:  

It was found that 76.19 % (32/42) were Fluconazole resistant. Other antifungal 

agent was used to identify the susceptibility and resistant pattern of positive 

isolates and it was found that 50 % (21/42) were Amphotericin Resistant. The 

antifungal susceptibility test of Candida albicans is shown in Table 4.6 

 

Table 4.6: Antifungal Susceptibility Test of isolated Candida albicans 

Antifungal     

Agents 

 

Total 

Candida 

albicans 

Sensitive Resistance 
 

p value 

Number     Percentage Number       Percentage  

Fluconazole 

(10mcg) 
42 10 23.80 % 32 76.19 % 0.044 

Amphotericin 

B (100 units) 
42 21 50% 21 50%  
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4.7 Phospholipase and Haemolysin assay 

The Pz value of isolated Candida albicans ranged from 2 to 2.95 for all the 

isolates and 2.01 to 2.6 for isolates from Diabetic group and 2.09 To 2.89 for 

control groups. The mean Pz value in Diabetic population was 2.11 and in Control 

groups was 2.52.The PZ Values of isolates are shown in Table 4.7.The Hz values 

ranged from 5 to 18 for Diabetic groups and 3.45 to 16 for Control Groups. The 

mean HZ value in Diabetic group was 9.28 and in Healthy controls were 7.91. 

The Haemolysis degrees of isolates are shown in Table 4.7.1 

                       

Table 4.7: Hemolysis and Phospholipase Index of Candida albicans 

     

     Activity 

 

Diabetic 

(n=16) 

 

Non-Diabetic 

(n=6) 

 

     Test 

 

p value 

 Haemolysin       

Assay(mean) 

 

     9.28 

 

      7.91 

 

      T 

 

   0.049 

 

Phospholipase    

Activity (mean) 

 

    2.09 

 

      2.52 

 

      t 

 

   0.89 

 

 

Table 4.7.1: Hemolysis Degree exhibited by isolated Candida albicans 

 

 

 

Haemolysis Degree 

with Glucose 

 

Haemolysis 

Degree without 

Glucose 

  

 

    p value 

 

  C. albicans 

 

58.68 % 

 

48.74 % 

 

    0.046 
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4.8 Biofilm assay by microtitre plate method 

The 96-well microtitre plate method for biofilm formation was carried out. The 

overall biofilm producers were 69.04 % and 35.96 % were non biofilm producer. 

The strong biofilm producer was 2 (4.76 %), moderate biofilm producer was 27 

(64.28%) and Weak/none biofilm producer were 13 (30.96%). 

Table 4.8: Biofilm assay by microtitre plate method 

Biofilm 

formation 

No. of  biofilm producing 

Candida albicans isolates 

% of biofilm former 

C. albicans 

High 2 4.75 

Moderate 27 64.2 

Weak/none 13 30.9 

Total 42 100 
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4.9 Comparative study of Biofilm Assays 

The comparative analysis of Biofilm formation of isolated Candida albicans was 

analyses by three methods; Microtitre plate method, Tube method and Congo Red 

Agar method which is shown in Table 8 

Table 4.9: Biofilm formation by Candida albicans by three methods 

Biofilm 

formation 

Microtitre 

plate method 

Tube   method Congo Red 

Agar method 

p-value 

 

High 

 

2 (4.76%) 

 

2 (4.76%) 

 

1 (2.38%) 

 

 

 

 

 0.049 Moderate 27 (64.28%) 16 (38.09%) 15 (35.71%)           

Weak/None 13 (30.95%) 24 (57.14%) 26 (61.90%) 

 

Total isolates 

 

42 

 

42 

 

 

42 
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4.10 Comparative study of biofilm formation and antifungal drug 

resistance    

The biofilm producing and antifungal drug resistance pattern of isolated Candida 

albicans is shown in (Table 4.10. 4.10.1 and 4.10.2). 

Table 4.10: Comparative analyses of biofilm formation and drug resistance 

Biofilm  

Formation 

Biofilm forming  

C. albicans (%) 

Antifungal Drug 

Resistance 

      p-value 

Flu Amp 

Strong 2 (4.7%) 2 2  

0.038 Moderate 27 (64.2%) 17 12 

Weak/None 13 (30.9%) 13 7 

Total 42 (100%) 32 21  

 

Table 4.10.1: Comparative analysis of biofilm and amphotericin B resistance 

 

Fluconazole Drug 

 

        Biofilm               Non Biofilm 

       Producer                Producer 

 

Total 

 

               

Resistant 

         

           19   13 

   

   32 

               

Sensitive                                                    

        

            2  8 

   

   10 

 

                  Total 

          

           21 21 

   

    42 

 

 Table 4.10.2: Comparative analysis of biofilm and fluconazole resistance 

 

Amphotericin B 

Drug 

 

        Biofilm               Non Biofilm 

       Producer                Producer 

 

Total 

 

Resistant 

         

           13   8 

   

    21 

              

Sensitive                                                    

        

            8 13 

   

    21 

 

                  Total 

          

           21 21 

   

    42 
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Figure 4.10.1: Biofilm formation and Amphotericin B drug resistance 

 

 
 

Figure 4.10.2:  Biofilm formation and Fluconazole drug  resistance
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4.11 Sensitivity and Specificity of Biofilm Screening Methods  
 

The microtitre plate method was found to be most efficient standard method for 

studying biofilm formation as compared to tube method and Congo red agar 

method. The parameters like sensitivity, specificity, negative predictive value, 

positive predictive value and accuracy were calculated.  

       

Table 11: Sensitivity and specificity of biofilm screening methods 
 

 

 

 

 

 

 

 

 

 
 
 
 

Biofilm 

Screening 

Method 

 

Sensitivity 

(%) 

 

Specificity 

(%) 

Positive 

predictive 

value 

(%) 

Negative 

predictive 

value 

(%) 

 

Accuracy                     

(%) 

 

Tube method 

 

71.4 

 

62.85 

 

27.77 

 

91.66 

 

64.28 

Congo Red 

Agar method 

 

27.77 

 

16.66 

 

20 

 

23 

 

21.42 
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CHAPTER-V 

DISCUSSIONS 

Candida is a fungus that belongs to normal flora of oral cavity which is 

pathogenic under certain conditions. It can be a cause of opportunistic infections 

when host immune system is impaired (Jayachandran et al 2016). Diabetes 

mellitus is endocrine metabolic disorder in which Insulin secreted fails to 

metabolize blood glucose. Candida albicans is known to be carried out in oral 

cavity of 50 % of world's population as a part of normal flora. There is higher 

prevalence of Candida carriage in oral cavity of Diabetic patients when compared 

with non-diabetic population (Lamichhanae et al 2015). 

 

Around 85-90 % of diabetic patients are diagnosed by Type-2 Diabetes. In 

Diabetic patients the salivary dysfunction such as Xerostomia, tooth decay, 

decreased salivary flow and periodontal diseases are common (Ship et al 2003). 

Diabetic patients are more susceptible to oral Candidiasis due to increased 

salivary glucose, low secretion of saliva, impaired chemotaxis and defect of 

phagocytosis (Kedar et al 2002). Many Risk factors are associated with 

colonization by Candida. Poor oral hygiene, diabetic conditions, 

immunosuppressive therapy in Cancer disease, intake of Gutkha has shown 

increasing prevalence of Candida species (Guggenheimer et al 2000). 

 

The present Study was carried out at Microbiology and Molecular Biology 

Laboratory of Central Campus of Technology, Dharan. During the study period a 

total of 200 oral rinse samples were collected from three potentially risk 

populations (50 barbers, 50 municipal waste workers, 50 diabetic populations) 

and 50 healthy populations (Control). In the present study the overall prevalence 

of Candida species in sample population was 31.5% (63/200) and the prevalence 

of Candida albicans was 21% (42/200). In this study, Candida albicans were 

isolated from 29 (69.04%) male population and 13 (30.96%) female population. 
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Majima et al (2014) reported 17.8% oral candida carriage in male and 18.8% oral 

Candida carriage in female. Javed et al 2009 reported greater prevalence of C. 

albicans in oral cavity of denture wearing males (74%) than in female (23%) with 

diabetic mellitus Type II disease. Loster (2016) reported that the infection free 

individual were greater in male than in female and statistically significant 

relationship between intensity of yeast and gender.  

 

The maximum frequency of organism was found in between age group of 40-50 

years. The association of Candida in in different age groups was found to be 

statically insignificant p= 0.077 (P>0.05). Lockhart et al 1999 found the increase 

in oral candida carriage was reported by with age possibly due to diminished 

natural defenses. In our study the prevalence of yeast in elderly age group was 

found to be least possibly due to least sample population from old age group. 

There was no significant association between Age and prevalence of Candida 

albicans. 

 

This study reported 31.5 % prevalence of oral Candida. Out of 63 positive 

Samples of Candida, 42 isolates were known to be Candida albicans. Statistically 

significant increase in Candida carriage in terms of colony forming units were 

reported in patients with Diabetes mellitus than in control Groups, p<0.001 with 

CFU/ml ranging from 0 to 1700. This result is similar too many other studies that 

explain the higher susceptibility of Candida to colonize oral cavity of diabetic 

patients. The study conducted by Lamichhane et al (2015) showed significant 

increase in Candida CFU in Diabetic patients than in Controls. Host factors which 

contribute to oral Candidal carriage in Diabetes are known to be Candidacidal 

activity of neutrophils in presence of Glucose. In diabetic patients with 

Candidiasis the Polymorphonuclear leucocytes (PMN) produces less free oxygen 

radicals exhibiting reduced phagocytosis, bactericidal activity and chemotaxis. 

This may confer Diabetic patients more susceptible to Oral Candida infections 

(Soysa et al 2005). Mohammadi F et al 2016 found 55% Diabetic patient to carry 

Candida sp. in oral cavity which C. albicans was abundant species. Belazi et al 
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(2005) isolated candida sp. from oral cavity of 64% diabetic and 40% control 

population. 

 

Many researchers conducted throughout the world have reported cases of oral 

candidiasis in diabetic patients commonly known as oral thrush (Obradovic et al 

2011).  Pathogenic microorganisms are capable of acquiring iron for survival and 

establish infection in host that addresses its pathogenicity. Since there is little iron 

human body, the most microorganisms derive iron from hemoglobin. So to 

destroy hemoglobin, they secrete enzyme like haemolysin (Malcok et al 2009). 

 

The mean hemolytic degree of Candida albicans in human blood with Glucose 

(SDBwG) was 58.68% and in human blood without glucose (SDBwoG) was 

48.74%. We reported that Candida albicans exhibited higher hemolytic degree. 

Malcok et al (2009) reported in his study that most species of Candida exhibited 

hemolytic activity in 3% glucose enriched medium and hence suggested the 

parallel combination of Diabetic condition with pathogenesis of Candida 

albicans.  In-vitro analysis of hemolytic degree of Candida albicans in presence 

and absence of glucose level strongly explains the increased blood sugar level 

increases the Hemolysin activity of Candida albicans. This study suggests the 

pathogenic role of Candida albicans in Diabetic mellitus and supports the concept 

of susceptibility of Candida colonization and Candidiasis in Diabetic patients. 

The Haemolysin Index of Candida albicans isolated from Diabetic patients was 

found higher than in Control population. 

 

The Pz value of isolated Candida albicans ranged from 2.01 to 2.6 for isolates 

from Diabetic group and 2.09 To 2.89 for control groups. The mean Pz value in 

Diabetic population was 2.11 and in Control groups were 2.52.There was no 

significant difference in phospholipase activity in Diabetic and control groups 

(p=0.89). Tsang et al (2007) reported no significant difference among 

phospholipase activity among Candida albicans isolated from Diabetic and 

Control groups. Tsang et al (2007) reported higher proteinase and haemolytic 
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activity from Diabetic patients with no significant difference in phospholipase 

activity from test and control groups. Sachin et al (2012) reported 94.8% C. 

albicans exhibiting higher haemolysin activity and 92.3% exhibiting 

phospholipase activity. In our study all strains of C. albicans exhibited 

haemolysin activity and only 68% C. albicans exhibited phospholipase activity. In 

our study there was significant difference in Hemolysin activity among Diabetic 

and control groups (p=0.049). 

 

Candida has known to be opportunistic pathogen under immunosuppression and 

tobacco chewing conditions (Javed et al 2014; Hsia et al 1981). It is suggested 

that individuals chewing Gutkha are susceptible to oral Candida infections than 

non-chewers (Abdulijabbar et al 2017). Chewing Tobacco that includes Gutkha, 

Betel quid (BQ)  which is common habit in South Asian nations like in India, 

Pakistan, Bangladesh, Sri lanka and Nepal (Javed et al 2010). Betel quid is 

mixture of areca-nut, lime enveloped in piper betel leaf whereas Gutkha is found 

in Sachet (Javed et al 2013). The possible Explanation for greater Candida 

colonization in Gutkha consumers could be due to the presence of nicotine and 

hydrocarbons such as polycyclic aromatic hydrocarbons acting as nutrient for 

Oral yeast facilitating its growth (Abdulijabbar, Hussain et al 2017; Hasia et al 

1981). In our study, higher prevalence of Candida carriage was found in Gutkha 

chewers. The Candida colonization and Gutkha consumption was statistically 

significant p=0.041.Similar study by Abduljabbar et al (2017) reported a 

significant difference in Oral candida carriage in Gutkha chewer and Betel Quid 

chewer suggesting the susceptibility to oral candidiasis in those risk groups than 

in control groups. However Javed et al (2014) showed no significant difference in 

oral Candida colonization among Gutkha and Betel quid chewer. This 

contradiction in our study could be due to fact that Oral rinse sample were 

obtained for complete enumeration of Candida from oral cavity. The prevalence 

of oral Candida carriage in healthy population having good oral hygiene was low 

as compared to others. The healthy populations included individuals without 

physical complications and diseases, proper BMI, and no smoking, chewing and 
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Drinking Habit. The lower frequency of Candida carriage in healthy might be due 

to maintenance good oral hygiene and practice. We can at least explain that being 

a part of normal flora the colonization of Candida is associated even with poor 

oral hygiene. 

 

All isolated strains of Candida albicans were tested for antifungal susceptibility 

testing by using Kirby Bauer disk diffusion method 76.19% were found to be 

Resistant to Fluconazole and 50% were found to be resistant to Amphotericin B. 

It was observed that emergence of drug resistance in Candida albicans is a major 

global issue which persuade for new search of therapeutic agents for eradicating 

the infections. The emerging Drug Resistance is has become global burden for 

treating the infections. Candida infection has been increasing in 

immunocompromised, over aged, patients receiving cancer chemotherapy and 

organ transplantation. 

 

Biofilm formation mechanisms render difficulty in eradication by restriction to 

penetration by Drugs (Khatri et al 2015). In our study the maximum frequency of 

Candida albicans were biofilm producers and even maximum biofilm producing 

Candida albicans were resistant to antifungal drugs. This association may explain 

the ability of biofilm production with drug resistance in the organism exhibiting 

its strong virulence factor and making failure of antifungal drugs. In our study the 

antifungal resistance pattern of Candida albicans showed highest Resistance to 

fluconazole whereas Amphotericin B also showed good sensitivity. Biofilm 

formation and overgrowth of Candida is found more in diabetic patients 

(Mohammadi et al 2016). 

 

The biofilm formation and Fluconazole resistance was statistically significant 

p=0.03 whereas the biofilm formation and Amphotericin B drug resistance was 

not significant. Amphotericin B showed a greater Sensitivity towards Candida 

albicans. Weak biofilm producing Candida albicans isolates showing resistance 

towards Amphotericin B could be due to efflux pump other than biofilm. Most 
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studies suggest that Amphotericin B displays a good activity against Candida 

biofilms. According to study conducted by Mahmoudabadi, Zarrin et al (2014) the 

100% isolates of  Candida albicans were biofilm producers where 65% showed 

Sensitivity towards Amphotericin B and only 26.7% Sensitivity towards 

Fluconazole. Similar findings were observed even in our study. 

 

Biofilm helps candida to escape host defense and develop resistance to 

antimicrobial agents. Over last two decades the burden of Candida infection 

throughout the world has been rising with drug resistance. Diabetes mellitus 

patients, immuno-compromised patients like HIV patients, antibiotic users, IV 

users, Gutkha consumers etc. are at risk to Candida infection. Biofilm of Candida 

is made up of layers of cells embedded in matrix of extracellular polymeric 

materials (Khatri et al 2015). Biofilm is the surface-attached microbial 

community that contributes virulence factor. In our study 4.7% of isolated 

Candida albicans were strong biofilm producers, 64.2% were moderate and 

30.9% were weak or non-biofilm producer. In overall the biofilm forming 

Candida albicans were 69% and non-biofilm producers were 30.9%. 

 

In our study the strong, moderate and weak biofilm producers by microtitre plate 

method were 4.7%, 64.2% and 30.9% respectively. The strong, moderate and 

weak biofilm producers by TM method were 4.7%, 38% and 57.1% respectively. 

The strong, moderate and weak biofilm producers by CRA method were 2.3%, 

35.7% and 61.9% respectively. Number of false positive and false negative was 

reported in the comparison. It was difficult to discriminate strong, moderate and 

weak biofilm producers in TM and CRA method due to phenotypic variations. 

Sensitivity and specificity of TM was found to be 71.4% and 62.8% respectively 

with accuracy of 64.2%. For Congo red agar method the sensitivity and specificity 

was found to be 27.7% and 16.6% with accuracy of 21.4%. The statistical 

analysis of screening were similar even in our findings which supports different 

other similar findings done before. Hassan et al (2011) concluded Microtitre 

method as gold standard technique for screening biofilm as compared to TM and 
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CRA. Even in our study The Microtitre method was considered efficient method 

for quantitative screening of Biofilm in comparison to TM and CRA methods. 

 

In Nepal, improper use of antibiotics drugs without doctor's prescription, 

haphazard selling and buying of antibiotic from local pharmacy and unnecessary 

use of drugs have been responsible for drug resistance to microorganisms. This 

uncontrolled use of drug has led to antifungal drug resistance in strains of 

microorganisms. Indiscriminate use of drugs in our community is a major cause 

for emergence of drug resistance. The proper availability of microbiological 

investigation and information would be necessary in search of appropriate 

antimicrobial agents to fight with drug resistance. Since for many years 

Fluconazole has been used for treatment of oral candidiasis but the emergence of 

drug resistance renders the search of alternative antimicrobial therapy. 

 

There was no statistical association between ages and prevalence of Candida. The 

good oral hygiene and the reduced prevalence of Candida carriage was 

statistically significant, p=0.049. In our study the total Candida carriage among 

Healthy Population was only 26 %. Majima et al (2014) found 18.3% oral 

Candida carriage among dental students and suggested that good oral hygiene 

responsible for elimination of Candida. Therefore with overall analysis in 

potential risk groups and in Healthy population, the oral Candida colonization 

shows a significant association with oral hygiene and serum glucose. 

 

Higher prevalence of Candida in diabetic population and in poor oral condition 

alarms the oral health warnings. The absence of Candida in oral cavity may be 

due to maintenances of good oral health. Thus, oral carriage of Candida serves for 

health issues as oral candidiasis requires initial colonization by Candida. 
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CHAPTER-VI 

CONCLUSION AND RECOMMENDATIONS 

 
6.1 Conclusion 

 

The highest prevalence of oral Candida was found to be in diabetic population 

and in Gutkha consumers. The greatest numbers of isolated Candida albicans 

were biofilm producer which showed greater frequency of Fluconazole drug 

resistance. Microtitre method was considered efficient method for screening 

biofilms. Higher prevalence of Candida in diabetic population and in poor oral 

condition alarms the oral health warnings. The absence of Candida in oral cavity 

may be due to maintenances of good oral health. Thus, oral carriage of Candida 

serves for health issues as oral candidiasis requires initial colonization by 

Candida. The maximum frequency of Candida albicans were biofilm producers 

and even maximum biofilm producing Candida albicans were resistant to 

antifungal drugs. This association may explain the ability of biofilm production 

with drug resistance in the organism exhibiting its strong virulence factor and 

making failure of antifungal drugs. In our study the antifungal resistance pattern 

of Candida albicans showed highest Resistance to fluconazole whereas 

Amphotericin B displays a good activity against Candida biofilms. 

 

 

 

 

 

 

 



49 

 

6.2 Recommendations 

1. Since diabetic populations harbor higher frequency of Candida carriage, so 

they should control blood glucose level by adopting healthy lifestyle with good 

oral hygiene. 

2. Unauthorized use and distributions of antibiotics must be controlled to prevent 

emerging drug resistance in microorganisms. 

3. Intake of Gutkha, BQ must be abandoned and proper oral hygiene must be 

followed.  

4. Microtitre method is gold standard for biofilm assay than the Tube method and 

congo red agar method. 
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