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Abstract 

 

 
Candida species have emerged as successful pathogens in both invasive and mucosal infections, 

especially in immunocompromised patients. Additionally, there is increasing resistance of Candida 

species to antifungal agents, and this has greatly contributed to the high morbidity and mortality 

amongst affected patients. In Zambia, little is known about the distribution of Candida species and 

their antifungal susceptibility patterns from patients with candidiasis. Speciation of Candida species 

is important as knowledge of the infecting species is important for guiding therapy. The objective of 

this study was, therefore, to characterise Candida species isolated from different clinical specimens 

at the University Teaching Hospital in Lusaka. This was a laboratory-based cross-sectional study 

involving the identification of 96 Candida species obtained from various clinical specimens, and 

determination of their antifungal susceptibility patterns. Identification of the isolates was achieved by 

the use of the API 20C AUX kit, followed by DNA sequencing of the Internal Transcribed Spacer 

region of the ribosomal DNA, whilst the agar-based E-test, using fluconazole, amphotericin B, 

flucytosine, and caspofungin, was used for antifungal susceptibility testing. Data obtained showed 

that Candida albicans were the predominant species (66.7%), followed by C. lusitaniae (12.2%), C. 

glabrata (6.7%), C. tropicalis (5.6%), C. parapsilosis (3.3%), C. quilliermondii (3.3%), C. 

pelliculosa (1.1%) and C. keyr (1.1%). Most of the Candida species exhibited high levels of 

resistance to fluconazole and amphotericin B, but were sensitive to caspofungin and flucytosine. C. 

albicans was resistant to fluconazole (18.3%,) with an MIC90 of 256 g/ml and amphotericin B (10%) 

with MIC90 of 1.5µg/ml. C. glabrata was the most resistant species against amphotericin B (66.6%) 

with an MIC90 of 2µg/ml. The antifungal susceptibility testing further revealed that C. albicans and 

most of the non-albicans species exhibited multi-drug resistance to all the antifungal agents tested. 

Therefore, species identification and antifungal susceptibility testing are recommended for infection 

control and treatment guidance of the Candida infection. 



v 

 

                                                          Dedication 

 

I dedicate this work to my late father Andrew Sarenje and mother Ronica Chinyandula Sarenje 

for they have made me what I am today. 

 

To my wife, Fenny Sarenje whose deep love, gratitude, affection and understanding when I 

arrived home late from school got me inspired to finish work. To my lovely daughters, 

Lushomo, Busiku and Lubono gave me the strong motivation to succeed because their future 

depended on my books. 

 

I also pay gratitude to my elder brother, Titus Sarenje, for making sure that I had college 

education amidst tough economic battles. To my sisters, Jennifer, Buuya and Miriam thank you 

so much for your encouragement and support. I love you and may Almighty God bless in you 

abundance.   

 

 

   

 

 

 

 

 

 
 



vi 

 

                                                     Acknowledgement 

 

I would like to thank all those whom I owe so much for their helpful contributions and assistance 

for completion of my course in general and this project. 

 

 I am indebted to my supervisors, Dr Chileshe Lukwesa, Dr Geoffrey Kwenda and Dr J. Mwansa 

for all their constructive criticism and very helpful guidance even at short notice. I will be folly 

not to recognise Professor Paul Kelly for helping me with Corn Meal Agar and the antifungal 

agent, Caspofungin, and Dr Victor Mudenda my Head of Department for allowing me to pursue 

postgraduate studies.  

 

More gratitude goes to the University Teaching Hospital Management (UTH) for allowing me to 

conduct this research and use their laboratory materials. Special appreciation goes to the 

following people of UTH for assisting me with data collection: The late Mrs Mercy Fwambo, Mr 

Mox Malama Kalumbi, Mr Joseph Ngulube, Mr Justine Malemba and Mr John Mwaba. Special 

thanks to Mr Remmy Lubamba for data entry. 

 

Lastly, I would like to gratefully acknowledge the Ministry of Health, my employer, for the 

financial help rendered to me during my MSc studies at the University of Zambia. 

 

 

 

 



vii 

 

                                                    Table of Contents 

                                                                                                                                             Page 

 

Declaration ................................................................................................................................. ii 

Certificate of approval .............................................................................................................. iii 

Abstract ..................................................................................................................................... iv 

Dedication .................................................................................................................................. v 

Acknowledgements ................................................................................................................... vi 

Table of Contents ..................................................................................................................... vii 

List of Tables ............................................................................................................................ ix 

List of Figures ............................................................................................................................ x 

List of Tables ............................................................................................................................ xi 

Lis of Abbreviations ................................................................................................................ xii 

Chapter one: Introduction  ......................................................................................................... 1 

1.0 Introduction .......................................................................................................................... 1 

1.1 Background .......................................................................................................................... 1 

1.2 Statement of Problem ........................................................................................................... 2 

1.3 Justification of the Study ..................................................................................................... 3 

1.4 Literature Review................................................................................................................. 4 

1.4.1 General Characteristics of Candida species ..................................................................... 4 

1.4.2 Epidemiology of Candida species .................................................................................... 6 

1.4.3 Pathogenesis of Candida Infection ................................................................................... 8 

1.4.4 Clinical Presentation of Candida Infection..................................................................... 11 

1.4.4.1 Oropharyngeal Candidiasis .......................................................................................... 12 

1.4.4.2 Vulvovaginal Candidiasis ............................................................................................ 12 

1.4.4.3 Invasive Candidiasis. ................................................................................................... 14 

1.4.5 Diagnosis of Candida Infection ...................................................................................... 15 



viii 

 

1.4.5.1 Phenotypic Methods..................................................................................................... 16 

1.4.5.2 Molecular Methods ...................................................................................................... 16 

1.4.5.2.1 Polymerase Chain Reaction Based Assays ............................................................... 17 

1.4.5.2.2 Nucleic Acid Sequence Based Amplification ........................................................... 17 

1.4.5.2.3 Fluorescent In Situ Hybridisation ............................................................................. 18 

1.4.6 Treatment of Candida Infection...................................................................................... 18 

1.4.6.1 Antimicrobial Drug Resistance .................................................................................... 21 

1.5 Research Questions ............................................................................................................ 24 

1.6 Objectives .......................................................................................................................... 25 

1.6.1 General Objective ........................................................................................................... 25 

1.6.2 Specific Objective ........................................................................................................... 25 

Chapter 2: Materials and Methods ........................................................................................... 26 

2.1 Study Design ...................................................................................................................... 26 

2.2 Study Site ........................................................................................................................... 26 

2.3 Sampling Framework ......................................................................................................... 26 

2.3.1.4 Inclusion Criteria ......................................................................................................... 26 

2.3.2. Exclusion Criteria .......................................................................................................... 27 

2.3.3 Sample Size ..................................................................................................................... 27 

2.4 Isolation and Identification of Candida species................................................................. 27 

2.4.1 Isolation of Candida species ........................................................................................... 27 

2.4.2 Phenotypic identification of Candida species................................................................. 27 

2.4.2.1 Gram Stain ................................................................................................................... 28 

2.4.2.2 Chlamydospore Production Test .................................................................................. 28 

2.4.2.3 Carbohydrate Assimilation Test .................................................................................. 29 

2.5 Genotypic Identification of Candida species ..................................................................... 29 



ix 

 

2.5.1 Preparation of DNA Thermolysates................................................................................ 29 

2.5.2 PCR Amplification of the Internal Transcribed Spacer Region ..................................... 29 

2.5.3 DNA Sequencing ............................................................................................................ 30 

2.6 Determination of Antifungal Susceptibility Pattern .......................................................... 31 

2.6.1 Epsilometer Test ............................................................................................................. 31 

2.7 Data analysis ...................................................................................................................... 32 

2.8 Ethical Considerations ....................................................................................................... 32 

Chapter 3: Results .................................................................................................................... 34 

3.1 Identification of Candida species ...................................................................................... 34 

3.1.1 Phenotypic Identification of Candida species ................................................................ 34 

3.1.2 Genotypic Identification of Candida species .................................................................. 36 

3.2 Determination of Antifungal Susceptibility Pattern .......................................................... 37 

3.2.1 Antifungal Multi-drug Resistance of Candida Isolates .................................................. 43 

Chapter 4: Discussion .............................................................................................................. 45 

4.1 Discussion .......................................................................................................................... 45 

4.2 Conclusion ......................................................................................................................... 51 

4.3 Limitation of the Study ...................................................................................................... 51 

4.4 Recommendations .............................................................................................................. 52 

5.0 References .......................................................................................................................... 53 

6.0 Appendices ......................................................................................................................... 66 

Appendix A:  Ethics Clearance Letter ..................................................................................... 66 

Appendix B:  List of ITS Sequences of Representative species  ............................................. 67 

Appendix C:  Distribution of Candida species from different specimens ............................... 69 

Appendix D:  Media and Reagent preparations ....................................................................... 72 



x 

 

                                                      List of Figures 

 

Figure 1.1: Summary of ancestral evolution of Candida ........................................................... 5 

Figure 2.1: Schematic presentation of the ITS region of the rDNA ........................................ 29 

Figure 3.1: Diversity of Candida species from different clinical specimens .......................... 34 

Figure 3.2: PCR detection of Candida species targeting ITS sequence .................................. 36 

Figure 3.3: Comparative distribution of Candida species in HIV- and HIV+ patients ........... 41 

Figure 3.4: Distribution of drug- resistant from HIV+ and HIV-  ........................................... 42 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xi 

 

                                                 List of Tables 

 

Table 3.1: Distribution of Candida species by specimens ....................................................... 34 

Table 3.2: Concordance between genotypic and phenotypic methods .................................... 37 

Table 3.3: In-vitro antifungal susceptibility testing of Candida Strains .................................. 39 

Table 3.4: Mean MIC of antifungal agents on Candida species.............................................. 43 

Table 3.5: Antifungal multidrug resistance pattern of Candida isolates ................................. 44 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xii 

 

                                                        List of Abbreviations 

 

 

AIDS                                             Acquired Immune Deficiency Syndrome 

ALS                                               Agglutinin-Like Sequence 

API                                                Analytical Profile Index 

CDC                                               Center for Disease Control and Prevention 

CLSI            Clinical Laboratory Standard Institute    

DNA                                               Deoxyribonucleic acid   

E - Test                                            Epsilometer test  

EUCAST                                         European Committee for Antimicrobial Susceptibility Testing 

GPI                                                  Glycosylphosphosptidylinositol       

HIV                                                  Human Immunodeficiency Virus 

HVS                                                 High Vaginal Swab 

ITS                                                    Internal Transcribed Spacer 

MDR                                                Multi-Drug Resistant 

MIC                                                  Minimum Inhibition Concentration 

OPC                                                  Oropharyngeal candidiasis 

PCR                                                  Polymerase Chain Reaction 

SAPS                                                 Secreted Aspartyl Proteinases                                                  

SDA                                                  Sabouraud Dextrose Agar 

UTH                                                  University Teaching Hospital  

UTI              Urinary Tract Infection 



1 

  

 

Chapter 1: Introduction 

 

1.1 Background 

Fungal infections caused by yeasts of the Candida genus are a major problem especially in 

immunocompromised patients or those hospitalised with underlying disease (Van de Veerdonk et 

al., 2010; Kumamoto, 2011; Brenda et al., 2014). Candida species are frequent colonizers of the 

skin and mucous membranes of animals and their dissemination in nature is widespread (Ruhnke 

et al., 2011; Udayalaxmi et al., 2014). There are over 350 heterogeneous Candida species but 

only a few have been implicated in human disease (Ruhnke et al., 2011; Williams et al., 2011). 

 

Although the majority of Candida infections are attributable to Candida albicans, there has been 

an increase in the rate of infections caused by non-albicans in various parts of the world 

(Nishikaku et al., 2010; Brandit and Lockhart, 2012; Quindos, 2014). Among these species C. 

glabrata has emerged as one of the most important opportunistic pathogens to infect a variety of 

human body sites (Gizachew et al., 2013; Daiichi et al., 2014; Zahra et al., 2014), while C. 

parapsilosis often represents the second most commonly isolated Candida species from blood 

cultures in many parts of the world (Delfino et al., 2014; Quindos, 2014). Other species are 

rarely encountered in clinical samples although there have been several reports describing 

infections caused by uncommon Candida species (Brandt and Lockhart, 2012). 

 

Identification of Candida species from clinical specimens has become increasingly important as 

a result of increasing numbers of immune-suppressed patients, increasing use of indwelling 

medical devices, immunosuppressive therapy and broad-spectrum antibiotics (Gizachew et al., 
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2013; Chaitanya et al., 2014). Many clinical laboratories, however, do not speciate the Candida 

species isolated from clinical samples unless specifically requested. Thus, local changes or trends 

in infection causing species are difficult to determine. In addition the intensive and long term use 

of antifungal drugs lead to a decline in susceptibility and resistance patterns of Candida species 

(Shakiba et al., 2011). It should also be noted that Candida species differ in their antifungal 

susceptibility and virulence factors (Chander et al., 2009; Ibrahim et al., 2014).  

 

1.2 Statement of the Problem   

In recent years, there has been a significant increase in the incidence of Candida infections in 

humans (Kourkoumpetis et al., 2010; Manolakaki et al., 2010; Themistoklis et al., 2011). The 

increase in the number of cases caused by Candida species and the consequent excessive use of 

antifungal drugs has favoured the emergence of resistance to conventional antifungal drugs over 

the past few decades (Pappas et al., 2009). This has ultimately led to the increase in morbidity 

and mortality due to administration of inaccurate antifungal therapy (Shivanand et al., 2011). In 

Zambia, little is known about the distribution of Candida species causing infections and their 

antifungal susceptibility profiles. The conventional diagnostic method used at the University 

Teaching Hospital or in Zambian hospitals does not identify Candida to species level and 

antifungal susceptibility testing on the Candida isolates is not carried out. This makes it difficult 

to determine the identity of the common species causing infections, and whether the drugs used 

for treating candidiasis are effective.   
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1.3 Justification of the Study 

Identification of Candida to species level is important for accurate treatment as not all species 

respond to the same treatment (Shivanand et al., 2011; Haddadi et al., 2014). Knowledge of the 

infecting species is highly predictive of the likely drug susceptibility patterns of the organisms, 

and can guide therapy (Pappas et al., 2009; Haddadi et al., 2014).  

  

In most public hospitals in Africa, Candida infections are usually treated with fluconazole. 

However, information about the prevalence of drug resistance to fluconazole and other 

antifungal agents on Candida species is very limited. Thus, there is an urgent need to determine 

the extent of the problem, and this is especially important in resource poor countries such as 

Zambia, where there is poor regulation of drug usage as most of the antifungal agents are sold 

over the counter and wide use of antifungal prophylaxis on Candida infections. 

 

Treatment of Candida infections in Zambia is mainly based on symptoms, and this implies that 

some patients may be treated with antifungal drugs to which some Candida species are resistant 

and this may result in high morbidity and mortality rates. It is, therefore, important to identify the 

organisms up to the species level and determine their antifungal susceptibility patterns for 

accurate information about the Candida infection. To our knowledge this was the first study in 

Zambia on the speciation and determination of antifungal susceptibility patterns of Candida 

species.  

 

   



4 

  

 

1.4 Literature Review 

1.4.1 General Characteristics of Candida Species  

Candida species are typically eukaryotic commensal yeasts that are members of the phylum, 

Ascomycota and order Saccharomycetales. They can be recovered from the environment, 

humans and other mammalian sources (Kumamotto, 2011). There are over 350 different species 

of Candida, but only a relatively small number are of clinical importance in humans and these 

include C. albicans, C. dubliniensis, C. parapsilosis, C. tropicalis, C. glabrata, C. kefyr 

(pseudotropicalis), C. lusitaniae, C. krusei, C. guilliermondii, C. utilis, C. lipolytica, C. famata, 

C. haemulonii and C. rugosa (Ruhnke et al., 2011; Thompson et al., 2011; Williams et al., 

2011). 

 

Candida is a pathogenic dimorphic yeast- like fungus of small oval cells that reproduces 

asexually and has a diploid genome of eight pairs of chromosomes (Pitarch et al., 2006). In 

tissues or cultures at 37
o
C, they occur as yeasts, while in the soil and in culture at 22

o
C, they 

appear as moulds.  It can be grown in the laboratory and appears as large, round, white or cream 

colony of morphological variations which include, smooth, rough, stippled, star, fuzzy and 

wrinkled at high frequency (Soll, 2007). When C. albicans is grown on enriched blood or 

chocolate agar media, a small extension is seen around the border of the colony. This colony 

morphology feature may be useful for identification of C. albicans from specimens of patients 

infected with other yeasts. C. albicans is a dimorphic species that can grow as yeast or 

filamentous forms, and is one of the two Candida species capable of forming true hyphae, the 

other species being dubliniensis, the closest relative of C. albicans. Reverse transition from 

hyphae form to yeast form is induced by lower temperatures, acidic pH, absence of serum, and 
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high concentration of glucose (Pitarch et al., 2006). Hyphae are considered to play important 

roles in processes such as adhesion and tissue invasion. Comparison of both species in both 

mucosal and systemic infection models has demonstrated that in spite of the ability of both 

species to produce hyphae, C. albicans is significantly the most pathogenic of the Candida 

species (Stoke et al., 2007; Asmundsdottir et al., 2009; Ibrahim et al., 2014). It is responsible for 

the majority of oral and systemic candidiasis cases as well as community on-set and nosocomial 

candidaemia (Pfaller et al., 2010; Zomorodian et al., 2011; Mulu et al., 2013) 

 

                               

Figure 1.1 Summary of the ancestral evolution of the genus Candida in bold italicised typeface on a darker grey 

background. Taxonomic classifications are indicated in plain typeface on a lighter grey background. The divergence 

of C. albicans and C. dubliniesis from its C. tropicalis ancestor is illustrated, as is the separation of the whole 

genome duplication (WGD) and CTD lineages (Butler et al., 2009).    
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1.4.2 Epidemiology of Candida  

Candida is often regarded as a commensal on various mucosal surfaces in different anatomical 

sites of different individuals (Ruhnke et al., 2011). However, it is capable of transition to a 

pathogenic state at its initial commensal mucosal site, and can be transmitted to other tissues 

through the blood stream. Several factors have been implicated in the significant increase of 

Candida infections in humans. These include the HIV/AIDS pandemic, expanded use of 

immunosuppressive drugs, use of broad spectrum antibiotics, central venous catheters, parenteral 

nutrition, pregnancy, uncontrolled diabetes, invasive surgical procedures, and indwelling medical 

devices (Ruhnke et al., 2011; Williams et al., 2011; Tsai et al., 2012). 

 

Invasive candidiasis is a serious and potentially lethal disease and is associated with a high 

global mortality rate, ranging from 36% in different patient groups (Guery et al., 2009; Van de 

Veedonk et al., 2010; Kullberg et al., 2011).  It represents a significant burden on the public 

health system in terms of patient management and healthcare costs (Kullberg et al., 2011; 

Ibrahim et al., 2014). Of particular significance is the fact that approximately half of all Candida 

infections now occur in intensive care units (Vincent et al, 1998; Kullberg et al., 2011). 

 

C. albicans is the most prevalent Candida species in both health and disease (Brandt and 

Lockhart, 2012). Mycological studies have shown that candidaemia is the most often caused by 

C. albicans, but there has been a significant pathogen shift towards other Candida species over 

the past few years in some patient groups (Arendrup et al., 2008; Dupont et al., 2009; Kullberg 

et al., 2011; Brandt and Lockhart, 2012). Mostly, C. glabrata, C. tropicalis, C. parapsilosis, C. 

krusei, C. lusitaniae and C. guilliermondii have been implicated in invasive candidiasis (Viscoli 
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et al., 1999; Ruhnke et al., 2011). A shift in the aetiology of candidaemia has been documented 

in Slovakia and France where the rate of non-albicans species, especially C. glabrata has 

increased the last in 10 years from 0% to 46% (Sendid et al ., 2006; Ruhnke et al., 2011). On the 

other hand, C. parapsilosis is the predominant agent of candidaemia after C. albicans in Spain 

and Italy (Almirante et al., 2006; Bassetti et al., 2007; Ruhnke et al., 2011). A study in Denmark 

documented an increase in the incidence of candidaemia, from 2003 to 2004 with C. glabrata 

being second after C. albicans (Bassetti et al., 2007; Ruhnke et al., 2011). 

 

A study in Malaysia on the prevalence of Candida species found that C. albicans accounted for 

59.4% of the isolates while C. tropicalis, C. glabrata, and C. parapsilosis accounted for 28.1%, 

9.4% and 3.1%, respectively (Ding et al., 2014). In Uganda, Candida species such as C. 

glabrata, C. parapsilosis and C. tropicalis are commonly identified in samples from oral lesions 

of HIV-infected patients (Thompson et al., 2011). A study carried out in Ethiopia found that the 

most common species causing candiduria included C. albicans, C. glabrata and C. tropicalis, 

and significant candiduria was strongly associated with being female (Gizachew et al., 2013). In 

a Tanzanian study the most common non-albicans detected included C. krusei and C. keyr which 

were found to cause primary and recurrent oropharyngeal candidiasis (Omar et al., 2008; Sudha 

et al., 2013). In Zambia, no studies have been carried out to determine the prevalence of C. 

albicans and non-albicans species but it is estimated that candidiasis affects about 90% of 

immunocompromised patients (Aboud et al., 2009). 

 

The increased prevalence of non-albicans species in disease could be as a result of their 

inherently higher level of antifungal resistance  compared to C. albicans, as this would promote 
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their persistence possibly to the detriment of C. albicans in mixed-species infections treated with 

traditional antifungal agents (Gonzalez et al., 2010; Kullberg et al., 2011; Williams et al., 2011). 

The changing epidemiology has been partly attributed to selection of less sensitive Candida 

species due to the widespread use of fluconazole as a prophylactic and therapeutic agent 

(Colombo et al., 1999; Kullberg et al., 2011). 

 

1.4.3 Pathogenesis of Candida Infection. 

Candida species have the ability to inhabit and infect several anatomically distinct sites which 

require adaptation to a variety of different environmental stresses. Virulence attributes that 

facility host tissue colonization and invasion have mainly been studied among C. albicans and 

include hyphae formation expression of surface recognition molecules (adhesins), phenotypic 

switching, and extracellular hydrolytic enzyme production such as secreted aspartyl proteinases 

(SAPs) and phospholipases (Borghai et al., 2011; Tsai et al., 2012; Ells et al., 2014). The signal 

transduction pathways governing virulence may vary depending on the type of infection (i.e., 

mucosal or systemic), the site and stage of infection, and the nature of the host response 

(Bodrane et al., 2005; Park et al., 2005; Inci et al., 2013). 

 

The ability to switch between unicellular yeast cells and a filamentous growth from hyphae or 

pseudo-hyphae in the host is one of the most important virulence factor of Candida (Rooney and 

Klen, 2002; Romani et al., 2003; Claudia and Dario, 2013). However, only C. albicans and C. 

dubliniesis form both types of filaments (Jacqueline et al., 2010; Udayalaxmi et al., 2014).   

Among C. albicans the yeast hyphae transition is regulated, in part, by transcription factors that 

are controlled by signalling pathways responding to a variety of extracellular conditions such as 
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pH level, nutrient deprivation and serum (Whiteway, 2000; Liu, 2001; Nantel et al., 2002). The 

hyphae tip functions as an effective drill-bit with which Candida can burrow into tissues, and is 

also the site of apical secretion of hydrolytic enzymes and antigen expression (Gow et al., 2002; 

Burnie et al., 2006; Mayer et al., 2013). The yeast form may be adapted for free dissemination 

within the circulatory system or between individual hosts, and is the mode of proliferation in 

target tissues (Gow et al., 2002; Jain et al., 2010). In C. albicans, the yeast form also produces its 

own repertoire of secreted aspartyl proteinases (SAPs), all implicated in virulence (Mayer et al, 

2013). These observations therefore, suggest that both growth forms may play important roles in 

the development and progression of invasive candidiasis. 

 

C. albicans and related species have the ability to switch reversibly at high frequency between 

numbers of different phenotypes (Mayer et al., 2013; Udayalaxmi et al., 2014). This is reflected 

by changes in colonial morphology in vitro. Switching is a mode of adaption in response to 

environment challenges, affecting a variety of virulence traits of Candida species and this 

includes yeast to hyphae transition, antigen expression, adhesion, sensitivity to neutrophils, 

proteinase secretion and drug susceptibility (Mayer et al., 2013). Phenotypic switching may, 

therefore, be a valuable trait for Candida species as commensals as well as pathogens. 

 

Recent studies have shown that different growth forms induce different types of immune 

responses and C. albicans blastopores induce a protective type 1 immune response in the kidney 

of the host, whereas filaments induce a non-protective type 2 immune response (Spellberg et al., 

2003; Hoyer et al., 2008; Inci et al., 2013). A proposed explanation is a differential of the hyphae 

and blastopore by Toll-like receptors (TLR), which are important patterns recognition receptors 
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for microbial ligands and modulators of the host defence (Aderems and Ulevitch, 2000; Inci et 

al., 2013). C. albicans blastopores bind to TLR- 2 and TLR- 4 on mononuclear leucocytes, 

stimulating the secretion of tumour necrosis factor -α (TNF-α) as well as interferons-γ (IFN-γ), a 

key promoter of protective immunity to the pathogen (van der Graaf et al., 2005). The hyphae 

form, however, binds only to TLR- 2, inducing large amounts of interleukin-10 secretion but 

much less TNF-α secretion and negligible INF-γ secretion (van der Graaf et al., 2005). The loss 

of INF-γ production during yeast to hyphae transformation is an important virulence mechanism 

used to escape from the host defence (Hoyer et al., 2008; Inci et al., 2013). 

 

Candida species have special sets of glycosylphosphatidylinositol (GPI)- linked cell surface 

glycoproteins that allow  adherance to the host cells, and these glycoproteins are encoded by at 

least 8 sets of agglutinin-like sequence (ALS) gene, ranging from Als-7 and Als-9 (Marciano et 

al., 2012; Mayer et al., 2013). For, adhesion, the Als-3 gene appear to be the most important as it 

is up regulated during infection of oral and vaginal epithelial cells. It also helps with biofilm 

formation by helping with adhesion to each other (Marciano et al., 2012). Following adherence, 

endocytosis of C. albicans is mediated in part by hyphae-specific binding to N-cadherin on the 

surface of vascular endothelial cells (Wachtler et al., 2011; Mayer et al., 2013).  

 

Candida species also elaborate extracellular hydrolytic enzymes which act as virulence factors. 

Three main classes of hydrolytic enzymes are produced: proteases, phospholipases and lipases 

(Udayalaxmi et al., 2014). It is proposed that these hydrolases help to facilitate the active 

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

environment (Wachtler et al., 2012; Udayalaxmi et al., 2014). There are about 10 known 
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secreted aspartic proteases (Sap-10), and their exact contribution to pathogenicity is controversial 

(Jacqueline et al., 2010; Udayalaxmi et al., 2014). For phospholipases, there are 4 major classes 

(A, B, C, D), and all 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 absence (Jackson et al., 2007; Wachtler et al., 2012). 

 

Candida species have the ability to form biofilms on non-living surfaces such as mucosal 

membranes and catheters, respectively (Fanning and Michelli, 2012; Claudia and Dario, 2013). 

Biofilm formation is a complex assembly of different morphological forms of the Candida cells 

and is involved in adhesion, hyphae formation and penetration of the yeast cells (Emira et al., 

2011; Nobile et al., 2012). After the adherence of the yeast cells to the surfaces, 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 (Nobile et al., 2012; Udayalaxmi et al., 2014). Recent studies show that biofilms 

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

oxygen species (Fanning and Mitchell, 2012; Xie et al., 2012). 

 

1.4.4 Clinical Presentation of Candida infection 

Candidiasis can be classified into three major types: oropharyngeal candidiasis, vulvovaginal 

(genital) candidiasis and invasive candidiasis (candidaemia). 
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1.4.4.1 Oropharyngeal Candidiasis 

Oropharyngeal candidiasis (OPC) 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” (Diro et al., 2008; Loreto et al., 2010). It can spread from the 

mouth through the pharynx to the oesophagus. It is a common opportunistic infection with a 

prevalence of 80% to 95% in HIV/AIDS infected patients (Hamza et al., 2008; Kwamin et al., 

2013; Mulu et al., 2013). 

 

The OPC with a shift in the spectrum of Candida species remains the most frequent HIV- 

associated oral lesion in most developing countries (Diro et al., 2008; Kwamin et al., 2013). The 

prolonged nature of AIDS predisposes the patients to repeat episodes of OPC, which can 

increase in frequency with progressive immune depletion as the disease progresses (Andrew, 

2003; Kwamin et al., 2013). An estimation of 5% rate occurs as recurrent Candida vaginitis in 

adult women (Sobel et al., 2011). The exceptionally high prevalence of vulvovaginal candidiasis 

among commercial sex workers further affirms the impact of unsafe sexual activity on the 

burden of the disease (Huong et al., 2009; Zhou et al., 2009). 

 

1.4.4.2 Vulvovaginal Candidiasis   

Vulvovaginal (genital) 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 (Mayer et al., 2013; Latha et al., 2014). A white discharge, 

described with an appearance similar to white cottage cheese, is typically present (Wilson et al., 

2009; Mayer et al., 2013). Genital candidiasis is much more prevalent in women, but men can 
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also contract it after sex with a woman having a vaginal yeast infection. Symptoms involved 

includes, rash, irritation on the head and surrounding skin of the penis (Mayer et al., 2013; Latha 

et al., 2014) 

 

Vulvovaginal candidiasis affects approximately 75% of the women with at least one episode 

during their lifetime (Wilson et al., 2009; CDC, 2011; Latha et al., 2014). It is a common fungal 

infection mostly detected in pregnant women and can cause systemic infections in neonates 

especially in premature ones with low birth weight, and is associated with high mortality 

(Kaufman et al., 2006; Fillip et al., 2009; Mayer et al., 2013). Therefore, screening for 

eradication of infection during pregnancy is important because it has the potential to reduce the 

risk of preterm delivery (Hay et al., 2007; Latha et al., 2014; Sima et al., 2014). 

 

Vulvovaginal candidiasis is one of the major finding in gynaecological disease among women 

worldwide and they are considered to have the infection when the high vaginal yeast count in 

greater or equal to 10
5
 CFU/ml of vaginal fluid (Banker et al., 2012; Sima et al., 2014). Sexual 

transmission of Candida species seems to be high in most sexually active women and this may 

be attributed high levels of reproductive hormones that provide more carbon sources for the 

growth of Candida (Namkinga, 2013; Latha et al., 2014). 

 

Candiduria refers to the presence of Candida species in the urine and mostly reflects colonisation 

or infection of the lower urinary tract or collecting systems of the kidney. It is one of the 

common finding in hospitalised patient and prolonged catheterisation in association with 

Candida cystitis (Belazi et al., 2005; Pappas et al., 2009; Taneja et al., 2010). Urinary tract 
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infections (UTIs) are among the most cardinal infections associated with high morbidity rates 

(Silva et al., 2007; Zahra et al., 2013). 

 

1.4.4.3 Invasive Candidiasis 

Invasive candidiasis (or candidaemia) is the infection of C. albicans into the bloodstream. This 

leads to its invasion of organs throughout the body, such as the kidney, liver and brain. Patients 

began to suffer from fevers, chills, fatigue, muscles aches, and abdominal pains (Badiee et al., 

2010; Bodhale et al., 2011). Typically, patients with compromised immune systems are at risk of 

developing candidaemia, while healthy people are susceptible to oral/genital candidiasis 

(Gizachew et al., 2013; Zahra et al., 2014). Compromised immune systems can be caused by 

chemotherapy, transplantation and broad spectrum antibiotics (Sudha et al., 2013). Acute 

disseminated candidiasis occurs when several organs are infected as a result of haematogenous 

spread, most commonly the kidneys, brain, myocardium, and eyes. Pathological changes in 

internal organs mainly comprise diffuse micro abscesses with a combined acute suppurative and 

granulomatous reaction (Dolin et al., 2010; Daiichi et al., 2014). Clinical manifestations of 

candidaemia include characteristic skin lesions and more rarely, eye lesions and deep abscessed 

(Jacqueline et al., 2010; Udayalaxmi et al., 2014). 

 

Candida endophthalmitis has been reported in as high as 28% of candidaemic patients 

(Gizachew et al., 2013; Zahra et al., 2014), and presents as pain and gradual decrease in visual 

acuity, which can culminate in permanent blindness. Lesions are white cotton ball-like exudates 

on the retina (chorioretinitis) and rapidly progress to involve the vitreous (Ali, 2011; Ribeiro et 

al., 2011). Skin lesions associated with candidaemia are characterized by non-tender firm 
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pustules on an erythematous base and can be generalized or localized to the extremities. The can 

vary from tiny pustules to large erythematous nodular lesions (Brusselaers et al., 2011; Madhu et 

al., 2012). Hepatosplenic candidiasis (chronic disseminated candidiasis) is an increasingly 

recognised form of disseminated Candida infection that most commonly affects patients with 

acute leukaemia after prolonged chemotherapy-related neutropenia (Baradkar et al., 2009; Sudha 

et al., 2013). 

 

1.4.5 Diagnosis of Candida Infection 

Identification of yeast isolated from clinical specimens to species level has become increasingly 

important because of increasing numbers of immune-supressed patients and the discovery of 

resistance to antifungal drugs. There has been an increase in number of cases resulting from 

infections with non-albicans species and an increase in antifungal resistance (Manchanda et al., 

2011). Intensive and long term use of antifungal agents leads to a decline in susceptibility and 

resistance development of Candida strains (Shakiba et al., 2011). Candida species differ in their 

antifungal susceptibility and virulence factors (Chander et al., 2009; Ibrahim et al., 2014). Thus, 

identification of Candida up to species level and their antifungal susceptibility become very 

important in Candida infections. 

 

The diagnosis of the Candida infection involves the use of both phenotypic and genotypic 

methods. Phenotypic methods are used to detect visible characteristics of the organism while, 

genotypic methods detect the genetic characteristics of the organism. 
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1.4.5.1 Phenotypic Methods 

The conventional methods of Candida species identification require evaluation of microscopic 

morphology and biochemical reactions which mainly involve assimilation and fermentation 

characteristics (Zahra et al., 2013; Chaitanya et al., 2014; Natalia et al., 2014). Several tests can 

be used for identification of Candida species based on colonial morphology and these include 

Gram stain, germ tube, Corn meal agar and CHROM agar Candida (Sayyada et al., 2010; Zahra 

et al., 2013; Sima et al., 2014). The Analytical Profile Index (API) Candida strips are usually 

used for carbohydrate assimilation and fermentation, urea hydrolysis and enzymatic tests for 

Candida species identification by biochemical reactions (Gizachew et al., 2013; Mulu et al., 

2013; Golas et al., 2014). Generally, phenotypic methods are easier to perform, easier to 

interpret, cost effective and are widely available (Trindade et al., 2003; Mehndiratta and Bhalla, 

2012). However, they are less discriminatory on rare pathogens and cryptic species of Candida 

than molecular methods (Cendejas et al., 2010; Mehndiratta and Bhalla, 2012). 

 

1.4.5.2 Molecular Methods 

A number of molecular techniques have been developed for the detection and identification of 

Candida species. These techniques are mainly based on amplification or hybridisation of nucleic 

acids, and include Polymerase Chain Reaction (PCR), Nucleic Acid Sequence-Based 

Amplification (NASBA) and fluorescence In Situ Hybridisation (FISH) (Schoch et al., 2012; 

Posteraro et al., 2013). 
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1.4.5.2.1 PCR- based assays 

PCR is based on the amplification of target yeast DNA. One of the most popular targets used is 

the ribosomal RNA (rRNA) gene (Jitka and Vladislav, 2006; Cuenca-Estrella et al., 2012). The 

rRNA gene is found in found in the haploid genome of all fungi consisting of small subunit 

rRNA gene (18S), 5.8S gene and a large subunit of rRNA (2.5S) gene separated by the Internal 

Transcribed Spacer-1 (ITS1) and ITS2 regions. The ITS region is a piece of non-functional RNA 

sequence situated between rRNAs on a common precursor transcript and is widely used in the 

identification of fungi of medical importance (Schoch et al., 2012; Sulaiman et al., 2014; Tobias 

et al., 2014).  Although, rRNA genes are conserved in fungi, ITS regions are highly variable, 

making them suitable targets for the detection of Candida species (Pincus et al., 2007; Posteraro 

et al., 2013).   

 

Identification of Candida species is mainly achieved through DNA sequencing of the amplified 

ITS region. DNA sequencing of the ITS region is regarded as the gold standard in the 

identification of medically important fungi (Cendejas et al., 2012; Schoch et al., 2012; Chaves et 

al., 2013; Sulaiman et al., 2014). Other genes that have been used in the detection and 

identification of Candida species include secreted aspartyl proteinases, P450 lanosterol-14α 

demethylase, actin and heat shock protein 90 gene (Jitka and Vladislav, 2006; Tobias et al., 

2014).  

 

1.4.5.2.2 Nucleic Acid Sequence- Based Amplification (NASBA) 

Nucleic Acid Sequence-Based Amplification (NASBA) is a specific and very sensitive RNA 

amplification technique which uses three enzymes: reverse transcriptase, RNase H and T7 RNA. 
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Using this technique, conserved regions of the 18S rRNA gene have been targeted for the 

detection of fungi of medical importance, including Candida species (Cuenca-Estrella et al., 

2012; Chaves et al., 2013). The demerit of NASBA compared to PCR is the high price of the 

three enzyme mixture. 

 

1.4.5.2.3 Fluorescence In Situ Hybridisation (FISH) 

The Fluorescence In Situ Hybridisation (FISH) technique uses fluorescein-labelled 

oligonucleotide probes to detect yeasts without the need for pure culture, and FISH specific for 

Candida species has been used good diagnostic tool for species identification (Pincus et al., 

2007; Posteraro et al., 2013). The technique employs Peptide Nuclei Acid (PNA) probes by 

targeting the highly structured rRNA region, and its sensitivity has been found to be similar to 

most results obtained by PCR-based assays (Jitka and Vladislav, 2006; Cendejas et al., 2012).  

 

1.4.6 Treatment of Candida Infection 

The current standard treatment of Candida infections consists of antifungal agents from four 

different groups: polyenes, azoles, echinocandins and nucleoside and nucleotide analogues 

(Mathews and Nath, 2010; Van de Veerdonk et al., 2010; Ruhnke et al., 2011; Kathiravan et al., 

2012). Polyenes antifungal agents such as nystatin and amphotericin B exert their fungicidal 

activity by causing porosity on the fungal cell membrane followed by interaction with the 

membrane ergosterol and subsequent loss of cytoplasmic content (Williams et al., 2011; 

Chaitanya et al., 2014). A second proposed mechanism of action involves a cascade of oxidation 

reactions and interactions with lipoproteins that impair membrane permeability through the 

release of free radicals (Espinel-Ingroff, 2008; Claudia and Dario, 2013). 
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Nystatin was the first antifungal agent reported and is available in topical creams and oral 

washes for treatment of cutaneous and mucocutaneous candidiasis (Claudia and Dario, 2013). 

Amphotericin B exhibits broad spectrum antifungal activity against a variety of pathogenic 

fungi, but its clinical utility is limited by a severe nephrotoxicity (Laniado et al., 2009). Indeed 

the affinity of amphotericin B for cholesterol, the main sterol of mammalian cell membranes, is 

believed to cause alterations in the membrane permeability of renal tubules and vasculature, 

contribution to toxicity (Onyewu and Heitman, 2007). Furthermore, this antifungal has a poor 

oral and intramuscular absorption, and is consequently formulated as a micellar suspension 

solubilised in deocycholate or as a lipid complex or amphotericin B colloidal dispersion (Ruhnke 

et al., 2011). Despite their wide use over several decades, the actual incidence of Candida 

resistance to polyenes is rare, but can sometimes arise through a reduction in ergosterol content 

of the cell membrane (Williams et al., 2011). 

 

Azole antifungal agents are fungistatic through interference with the fungal cytochrome P450-

dependent enzyme, lanosterol 14α-demethylase, a key enzyme in the biosynthesis of ergosterol, 

which leads to an accumulation of aberrant sterol intermediates and depletion of ergosterol in the 

fungal cell membrane (Onyewu and Heitman, 2007; Williams et al., 2011). 

 

The first azoles developed were the imidazoles, miconazole and ketoconazole, for the systemic 

treatment of human mycoses, followed by the first- generation triazoles, fluconazole and 

itraconazole (Onyewu and Heitman, 2007). The imidazole can be used to treat invasive disease, 

but are most effective as topical therapies against cutaneous and mucocutaneous infections 

(Onyewu and Heitman, 2007). Both fluconazole and itraconazole are well absorbed through the 
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gut, which means that oral administration is effective means of systemic delivery. Fluconazole 

has also a good safety profile when given systemically, with few side effects (Onyewu and 

Heitman, 2007; Williams et al., 2011; Daiichi et al., 2014). The low-toxicity profile, favourable 

pharmacokinetics and general efficacy of fluconazole have made it the predominant prophylactic 

and primary treatment choice for invasive candidiasis for the past 20 years (Onyewu and 

Heitman, 2007). However, since the triazoles, fluconazole and itraconazole have limitations 

related to their spectrum of antifungal activity and their tolerability, efforts to develop improved 

triazoles have led to the regulatory approval of voriconazole and posaconazole (Katragkou et al., 

2008; Bink et al., 2011).  

 

Certain Candida species are inherently resistant to azole antifungal agents and acquired 

resistance has also emerged in recent years (Williams et al., 2011). The latter has emerged due to 

the inadvertent selection of resistant subpopulations during exposure to azoles (Onyewu and 

Heitman, 2007). 

 

Echinocandins (caspofungin, micafungin and anidulafungin) are the most recent advances in 

antifungal drug development (Grover, 2010; Alexander et al., 2013). These fungicidal 

compounds are semi-systemic amphophilic lipopeptide composed of a cyclic hexapeptide core 

linked to a variably configured lipid side chain (Onyewu and Heitman, 2007; Grover, 2010). 

Echinocandins have unique mechanism of action that consists of inhibition of the β-1-3-D- 

glucan synthase, a predominant polysaccharide component of the Ascomycete cell that maintains 

osmotic integrity and is involved in cell division and growth. These three echinocandins 

demonstrate a broad and similar spectrum of in vitro and in vivo activity against Candida species 
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(Onyewu and Heitman, 2007; Pfaller, 2008; Espinel-Ingroff, 2008; Grover, 2010). Caspofungin, 

anidulafungin and micafungin are all well tolerated without serious adverse effects (Morrison, 

2006; Onyewu and Heitman, 2007; Alexander et al., 2013). However, the large size of these 

compounds precludes oral formulations, and they are currently only available for intravenous 

administration (Onyewu and Heitman, 2007; Gregory et al., 2014). Each agent has achieved the 

therapeutic efficacy comparable to previously established standards agents. Currently, 

caspofungin is regarded as responsible initial treatment for invasive Candida infections except 

for C. parapsilosis, which has demonstrated less in vitro sensitivity (Onyewu and Heitman, 

2007).  

 

Echinocandin drugs demonstrate fungicidal activity and low incidence of resistance (Gregory et 

al., 2014; Pedro et al., 2014). Nevertheless, as newer drugs, long-term studies are not yet 

available, and significant resistance mechanisms may emerge in the future (Onyewu and 

Heitman, 2007).  

 

The group of nucleoside analogues is solely composed of flucytosine. This antifungal agent is 

only used as part of a combination regimen due to rapid emergence of resistance against it 

(Ruhnke et al., 2011). This is only systemically used antifungal agent for which therapeutic drug 

monitoring is established to avoid toxic effects (Pasqualotto et al., 2007; Ruhnke et al., 2011). 

 

1.4.6.1 Antimicrobial Drug Resistance 

Despite the myriad of antifungal agents available, the frequency of treatment failure is 

considerable (Ibrahim et al., 2014). Indeed, in the last few years, Candida species have evolved 
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multiple molecular strategies to exert drug resistance. The increase in cases of infection caused 

by Candida strains, and the consequent excessive use of antimicrobials, has favoured the 

emergence of resistance of these yeast species to convectional antifungal agents over the past 

decades (Sanjiveeni et al., 2012; Golas et al., 2014). 

 

The successful treatment of candidiasis depends on early detection of the species and 

susceptibility pattern to antifungal agents (Badiee et al., 2011). The resistance of Candida 

isolates to currently available antifungal drugs is highly a relevant factor because it causes 

important implications for morbidity and mortality (Mulu et al., 2013). Acquired resistance was 

reported in C. albicans over 20 years ago but really only became a significant clinical issue with 

the arrival of the AIDS epidemic (Rogers, 2006; Kwamin et al., 2013). In patients with HIV-

associated oropharyngeal candidiasis and oesophageal candidiasis, acquired resistance to 

fluconazole was widely reported at the peak of this epidemic, and in vivo resistance was found to 

be closely correlated with the clinical failure of therapy (Petro et al., 2014). 

 

Azole resistance appears to involve an increasing expression of multidrug transporter genes 

causing efflux from fungal cells (Cannon et al., 2009; Noel, 2012). There might also be 

mutational changes to the cell’s erg 11 gene, and /or over-production of ergosterol (Martel et al., 

2010; Noel, 2012). Amphotericin B resistance would be associated with a change in cell 

membranes sterols, whereas 5-flucytosine resistance might be due to mutational changes in the 

target gene or reduction in drug uptake (Espinel-Ingroff, 2008; Vandeputte et al., 2011). 
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Resistance of caspofungin in patients with infection due to C. albicans, C. glabrata, C. tropicalis 

and C. krusei are on the rise (Pfaller et al., 2010; Alexander et al., 2013). The mechanism of 

resistance is due to mutations in target 1, 3-β-D-glucan synthase subunit (Part et al., 2005; Kahn 

et al., 2007; Garcia et al., 2009). A further observation with caspofungin has been paradoxical 

growth on some strains of C. albicans at high in vitro concentrations of the drug but the 

observation has no clinical significance (Stevens et al., 2005; Claudia and Dario, 2013). As a 

first echinocandin to be approved for invasive candidiasis, caspofungin has been extensively 

used for treatment of all forms of Candida infections in the past years, and the clinical 

experience between caspofungin and invasive candidiasis has been good (Kartsonis et al., 2005; 

Glasmacher et al., 2006). 

 

Although resistance to fluconazole in invasive Candida infection in HIV-positive patients has 

been reported, the incidence has been relatively low considering the widespread of the antifungal 

agent over more than the past decade (Ashley et al., 2006; Kwamin et al., 2013). There is little 

evidence emerging of drug resistance in community isolates of C. albicans isolates such as those 

from vaginal candidiasis (Tortorano et al., 2005; Udayalaxmi et al., 2014). C. albicans are 

usually sensitive to amphotericin B and non-albicans are more resistant to antifungal agents, 

especially fluconazole (Ozcelic et al., 2007; Saha et al., 2008). C. albicans and C. tropicalis are 

not sensitive to topical azole therapy (Aboud et al., 2009; Lopez, 2010). Although notorious for 

developing clinical resistance to amphotericin B, C. lusitaniae generally appears to be 

susceptible to amphotericin B upon initial isolation from blood (Favel et al., 2004; Noel, 2012). 

Thus, resistance to this agent is not necessarily innate in this species but develops secondarily 

during treatment. C. lusitaniae has been shown to exhibit high frequency phenotypic switching 
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from amphotericin B susceptibility to resistance upon exposure to the drug (Miller et al., 2006; 

Noel, 2012). 

 

When drug resistance in Candida species is documented to fluconazole, it is generally 

considered preferable not to use itraconazole or indeed another member of the drug that belongs 

to this class. Candida isolates from HIV-positive patients indicated that there was high level of 

cross-resistance to itraconazole in fluconazole-resistant C. grabrata and C. tropicalis compared 

with C. albicans and C. krusei isolates (Johnson et al., 1995; Kullberg et al., 2005; Alexander et 

al., 2013). Unless, in vitro susceptibility testing is readily available, it would be wise to avoid 

itraconazole where fluconazole resistance has been documented. Voriconazole is an antifungal 

agent with extended spectrum activity, and although cross-resistance with other azoles can occur, 

it is less likely, and so it may be considered in patients previously exposed to other azoles such 

as fluconazole and itraconazole (Meneau et al., 2005; Kathiravan et al., 2012). 

 

Nowadays, new approaches are needed to improve the outcome of patients suffering from 

Candida infections, because it seems unlikely that the established standard treatment will 

drastically lower the morbidity of mucocutaneous Candida infection and high mortality 

associated with invasive candidiasis (Van de Veedonk et al., 2010).  

 

1.5 Research Questions 

 What are the characteristics of Candida species isolated from different clinical specimens 

submitted to the Microbiology Laboratory at the University Teaching Hospital in Lusaka? 
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1.6 Objectives 

1.6.1 General Objective 

To characterise Candida strains isolated from different clinical specimens at the University 

Teaching Hospital. 

 

 

1.6.2 Specific Objectives 

1.6.2.1 To identify Candida species isolated from different clinical specimens. 

1.6.2.2 To determine the in vitro antifungal susceptibility patterns of Candida species isolated 

from different clinical specimens. 
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Chapter 2: Materials and Methods 

 

2.1 Study Design 

This was a laboratory-based prospective cross-sectional study on Candida species isolated from 

clinical specimens. 

 

2.2 Study Site 

The study was conducted at University Teaching Hospital in Microbiology Laboratory, 

Department of Pathology and Microbiology. The UTH is a tertiary referral and teaching hospital 

located in Lusaka with a bed capacity of approximately 2000 and comprises of several clinics 

and admission wards. It is the largest referral hospital and the centre for all microbiology 

diagnostic work in Zambia. 

 

2.3 Sampling Frame 

The study utilised 96 isolates from 1,465 specimens that included urine, sputum, high vaginal 

swab (HVS) and blood submitted to the Microbiology Laboratory as part of the routine hospital 

analysis. The samples analysed were mostly from HIV-positive patients of all ages attending the 

UTH from July, 2013 to September, 2014 (Appendix C). 

 

2.3.1 Inclusion Criteria 

Only one Candida isolate per patient’s specimen was included in the study to avoid duplication 

of isolates. 
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2.3.2 Exclusion Criteria 

Mixed cultures were excluded from the study. 

 

2.3.3 Sample Size  

The prevalence of Candida infection at the UTH is about 6.5% (UTH Microbiology Laboratory 

records, 2014). In order to estimate the prevalence within 5% (or 0.05) and considering a 95% 

confidence level, a minimum sample size of 186 was used, as obtained through the following 

formula (Smith, 2013).  

2

2

(1 )z p p
n

e

−
=  , where 1.96z = , 6.5%p =  (or 0.065) is the sample proportion, and e = standard 

error of the proportion, 0.05e =  

n = 186  

                                                                                                                                      

2.4 Isolation and Identification of Candida Strains 

2.4.1 Isolation of Candida species  

Candida isolates were isolated from routine clinical specimens that included urine, sputum, 

HVS, and blood in the Microbiology Laboratory at University Teaching Hospital. The isolates 

were sub-cultured on Sabouraud s’ Dextrose Agar (Hi Media Laboratories Pvt. Ltd 23,  Mumbai, 

India) labelled and stored in vials containing 50% glycerol at -70
o
C for further analysis. 

 

2.4.2 Phenotypic Identification of Candida Strains 

The identification of the Candida isolates was done by the carbohydrate assimilation test, Gram 

staining and Corn Meal Agar. 
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2.4.2.1 Gram Stain 

For Gram staining, the Gram-staining kit (Avonchem, Macclesfield, Cheshire, England) was 

used as follows: Crystal Violet was added after heat fixing smears of the suspect colonies for 20 

seconds. The slide was then washed with distilled water and Lugol’s iodine applied for 1 minute. 

After washing off the iodine with water, the smear was decolourised with acetone for about 10-

15 seconds and immediately washed with water. Dilute carbol-fuschin was then added for 30 

seconds to counter-stain the slides and rinsed thoroughly with water. The slides were air- dried 

and examined under a microscope using X100 objective. 

 

2.4.2.2 Chlamydospore Production Test 

To complete the biochemical test, Corn Meal Agar (Oxoid Ltd, Basingstoke, Hampshire, 

England) was used to demonstrate chlamydospore production by Candida species. When grown 

on this medium, microscopic examination of C. albicans shows the characteristic chlamydospore 

production which is an accepted criterion for identification of this species. Using a straight wire, 

a Candida colony was picked off the surface of Sabourauds’ Dextrose Agar, and a deep cut (a 

horizontal furrow) was made on the Corn Meal Agar (Oxoid Ltd., Basingstoke, Hampshire, 

England). A flamed sterile cover slip was placed over the line of inoculum and incubated at 22oC 

for 24 to 48 hours. After incubation for 24 to 48 hours, a streak was examined microscopically, 

through the cover slip, using a low power objective. C. albicans chlamydospores along the streak 

line appear as thick- walled mycelia-bearing ball-like clusters of budding cells. 
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2.4.2.3 Carbohydrate Assimilation Test 

The carbohydrate assimilation test was performed using the API 20C AUX system (bioMerieux 

SA, 69280 Marcy I‘Etoile, France). The test strip comprised of 20 cupules containing dehydrated 

substrates which enabled the performance of 19 assimilation tests. The test was performed and 

interpreted according to the manufacturer’s protocol. 

 

2.5 Genotypic Identification of Candida Species 

2.5.1 Preparation of DNA Thermolysates 

Genomic DNA used in this study was primarily prepared by thermo lysis of fresh Candida cells. 

Briefly, a loopful of yeast cells from Sabourand Dextrose Agar (Mast Diagnostics, Merseyside, 

UK) were transferred into a micro centrifuge tube containing 400µl of 1x TE buffer (10mM Tris-

HCl [pH 8.0], 0.1mM EDTA [pH 8.0]) and boiled at 100
o
C  for 15min. After cooling, the DNA 

thermolysate was then stored at -20
o
C until required.  

 

2.5.2 PCR Amplification of the Internal Transcribed Spacer Region 

For 18S-23S rDNA Internal Transcribed Sequence (ITS) (Figure 2.1) of the rRNA gene is a 

popular locus for species identification and subtyping for fungi due to its high variability 

(Sulaiman et al., 2014).  

 

 

 

 

 
Figure 2.1: Schematic representation of the ITS region of the rDNA. ETS, External Transcribed sequence; ITS, 

Internal Transcribed Sequence 

ETS 18S ITS-1 5S ITS-2 2.8S ETS 

ITS-1F 

ITS-1R 
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The sequence were first amplified by PCR in a final volume of 50µl containing 10µl of the 

Candida thermolysate and 40µl PCR master mix: 200µM of each dNTP, 2µM of each primer,  

ITS1-F(5'-TCCGTAGGTGAACCTGCGG-3') and ITS1-R (5'-GCTGCGTTCTTCATCGATGC-

3')  (Sulaiman et al., 2014), 1x Mastermix (50mM KCl, 10mM Tris-HCl [pH 8.3], 1.5mM 

MgCl2, 0.001 [wt/vol] gelatine, and 1.25U of Taq polymerase [Fermentas Life Sciences, Glen 

Burnie, MD, USA]). The PCR reaction was set for 10min at 95°C and then subjected to 35 

cycles of amplification for 45 seconds at 95°C, 45 seconds at 55°C, 1 min at 72°C, followed by a 

10 min extension step at 72°C on a Gene Amp 2700 PCR thermal cycler (Applied Biosystems, 

CA, USA).  

 

The presence of the ITS1 DNA sequence was detected by electrophoresis of 5µl of the PCR 

amplicons on a 1.5% SeaKem LE agarose gel (Lonza, Rockland, ME, USA) containing 0.5µg/ml 

ethidium bromide. A 50bp DNA ladder (Thermo Scientific, Handover MD, USA) was used as a 

molecular weight standard, and all gels were visualised using the Biotop Biosens SC-645 Gel 

Documentation System (Biotech Co. Ltd, Shanghai, China). 

 

2.5.3 DNA Sequencing 

Prior to sequencing, the PCR products were first purified with the GeneJET PCR purification kit 

(Thermo Scientific, Hanover, MD, USA) by following the manufacturer’s instructions. Forward 

and reverse linear amplification was performed in 10µl using 2µl of purified PCR product (about 

20 to 200ng), 2µl BigDye Terminator v.3.1 Cycle Sequencing kit (Applied Biosystems Foster 

City, CA, USA), 1µl BigDye Sequencing Buffer (Applied Biosystems Foster City, CA, USA) 

and 1µM of ITS1-F or ITS1-R primer. Linear amplification consisted of 25 cycles of 
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denaturation at 96
o
C for 10s, annealing at 60

o
C for 30s and elongation at 72

o
C for 60s using 

Gene Amp 2700 PCR thermal cycler (Applied Biosystems, CA, USA). Fluorescence-labelled 

DNA was purified using the ethanol precipitation method (Ausubel et al., 2001). Briefly, the 

entire extension were transferred into 80µl of freshly prepared precipitation solution (3µl of 3M 

sodium acetate [pH 4.6], 62.5µl of non-denatured 95% ethanol and 14.5µl deionised water), 

incubated for at least 1hr at room temperature and centrifuged at 14000 rpm for 20min. After 

carefully removing the supernatant, 250µl of 70% ethanol was added to the pellet, vortexed and 

the contents re-centrifuged at 14000 rpm for 8 min. The ethanol was carefully aspirated and the 

pellet air-dried for 15 mins at room temperature. The samples were analysed at the Inqaba 

Biotechnical Industries Sequencing Facility (Pretoria, South Africa) on an ABI PRISM 3730XL 

DNA analyser (Applied Biosystems, Foster City, CA, USA). The sequence reads were edited 

using Ridom TraceEdit Software (Ridom Bioinformatics GmbH, Würzburg, Germany) and to 

search the National Centre for Biotechnology Information (NCBI) RefSeq data base using 

BLASTIN software (http// www.ncbi.nlm.nih.gov/BLAST). A distance score of 0.00% to less 

than 1.00% was used as criteria for species identity. 

 

2.6 Determination of Antifungal Susceptibility Testing 

2.6.1 Epsilometer Test  

The antifungal susceptibility testing of isolates in this study was performed by the agar-based 

Epsilometer test (E-test) method. RPMI-1640 agar (Remel, Lenexa, USA) supplemented with 

2% glucose and morpholinepropanesulphonic acid buffer (MOPS) (Remel, Lenexa, USA) in 

130mm diameter plates was used. The plates were inoculated by dipping a sterile swab into a 

yeast cell suspension adjusted to 0.5 McFarland standard units (10
6
 cells/ml) using a 
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turbidometer (Oxoid Integrated Technologies Ltd, England). The standardised inoculum was 

then streaked across the surface of the agar in four directions. The plates were dried at ambient 

temperature for 15 minutes before applying the E-test strips. The Candida isolates were tested 

against the following antifungal agents: 0.016-256µg/ml fluconazole (LiofilChem Diagnostic 

Ltd, Italy), 0.002-32µg/ml flucytosine (LiofilChem Diagnostic Ltd, Italy), 0.002-32µg/ml 

amphotericin B (LiofilChem Diagnostic Ltd, Italy) and 0.02-32µg/ml for caspofungin 

(LiofilChem Diagnostic Ltd, Italy). These antifungal agents are used for the treatment of 

Candida infections in Zambia. The minimum inhibition concentrations (MIC) endpoints were 

determined after 24 and 48 hours of incubation at 35
o
C. The resistance breakpoints for antifungal 

agents were as follows: fluconazole ≥64µg/ml, amphotericin B ≥1.0µg/ml, flucytosine 

≥32µg/ml, and caspofungin ≥ 32µg/ml (Eucast, 2012; CLSI, 2014). The MIC50 and MIC90, the 

MIC at which 50% and 90% of the isolates were inhibited, respectively, were also calculated. 

 

2.7 Data analysis 

The data was analysed using the Strata software version 12.1 (Strata, California, USA). 

Categorical variables were compared using t - test and this included susceptibility to fluconazole 

and amphotericin B. The tests were interpreted at 5% significance level (two-sided) and 95% 

Confidence Interval. A p-value of < 0.05 was taken as indication of statistical significance. 

 

2.8 Ethics Considerations 

Ethics approval for this study was granted by University of Zambia Biomedical and Research 

Ethics Committee (UNZABREC).  The ethics Clearance Certificate Number 004-05-14 was 

issued (Appendix A).  Permission to use clinical specimens and isolates was obtained from the 
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head of Department of Pathology and Microbiology at the University Teaching Hospital. To 

keep confidentiality and anonymity of the patients, Candida isolates were assigned project 

identification numbers. 
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Chapter 3: Results 

 

3.1 Identification of Candida Species 

3.1.1 Phenotypic Identification of Candida Species  

Out of the 96 culture isolates, 93.7% (90/96) were identified as Candida species, while 6.3% 

(6/96) were non-Candida species. These organisms were isolated from urine, sputum, HVS and 

blood. The predominant species was C. albicans (66.7%, 60/90), followed by C. lusitaniae 

(12.2%, 11/90), C. glabrata (6.7%, 6/90), C. tropicalis (5.6%, 5/90), C. parapsilosis (3.3%, 

3/90), C. guilliermondii (3.3%, 3/90) C. pelliculosa (1.1%, 1/90) and C. kefyr (1.1%, 1/90) 

(Figure 3.1). 

 

Figure 3.1: Diversity of Candida species isolated from different clinical specimens 
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Urine was the most common source of Candida species, accounting for 41.1% (37/90) of the 

isolates, followed by sputum (23.3%, 21/90), HVS (22.2%, 20/90) and blood (13.3%, 12/90) 

(Table 3.1). 

 

Table 3.1: Distribution of Candida species by specimens 

 

 

 

 

 

 

 

 

 

 

C. albicans was the most commonly isolated species from urine (59.5%, 22/37), followed by C. 

lusitaniae (10.2%, 4/37), C. glabrata (8.1%, 3/37), C. parapsilosis (8.1%, 3/37), C. 

quilliermondii (5.4%, 2/37), C. tropicalis (5.4%, 2/37) and C. keyr was 2.7% (1/37).  Sputum 

mainly yielded C. albicans (85.7%, 18/21), followed by C. grabrata (4.8%, 1/21), and C. 

quilliermondii (4.8%, 1/21). HVS only yielded C. albicans (85.7%, 18/20) and C. glabrata 

(10%, 2/20%), whilst blood yielded C. lusitaniae (70%, 7/70), C. albicans (20%, 2/10), C. 

tropicalis (20%, 2/10) and C. pelliculosa (10%, 1/10). 

 

 

 

     Types  of   specimen     

Species                             Urine(%)  Sputum(%)  HVS(%) 

  

Blood(%)    Total  % 

C. albicans 22 (59.5)  18 (85.7) 18 (90) 2 (16.7)  60 (66.7) 

C. lusitaniae 4 (10.8)  0 (0) 0 (0) 7 (58.3)   11 (12.2) 

C. glabrata 3 (8.1) 1 (4.8) 2 (10)      0 (0) 6 (6.7) 

C. tropicalis 2 (5.4) 1 (4.8) 0 (0)    2 (16.7) 5 (5.6) 

C. parapsilosis 3 (8.1)       0 (0) 0 (0) 0 (0) 3 (3.3) 

C. quilliermondii 2 (5.4) 1 (4.8) 0 (0) 0 (0) 3 (3.3) 

C. pelliculosa     0 (0) 0 (0) 0 (0)    1 (8.3) 1 (1.1) 

C. keyr 1(2.7) 0 (0) 0 (0) 0 (0) 1 (1.1) 

Total %                             37 (41.1) 21 (23.3) 20 (22.2) 12 (13.3)             90/96 (93.7) 
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3.1.2 Genotypic Identification of Candida Species and Other Fungal Species 

To confirm the identity of the Candida species identified in the fore-going section, PCR and 

DNA sequencing of the ITS1genomic region of the isolates was carried out (Figure 3.2 and 

Appendix B). This also included the identification of the 6 unidentified species isolated from the 

different specimens. It was noted that two isolates of C. albicans were misidentified as either C. 

famata or C. krusei, while one isolate of C. tropicalis was misidentified as C. parapsilosis by 

phenotypic method (Table 3.2).  

 

 

                                 

                                                                   

Figure 3.2: PCR detection of representative Candida species targeting Internal Transcribed Sequence (ITS) region. 

M: 50bp marker;  Lane 1: Negative control (Molecular grade water); Lane 2: Positive control (C. albicans ATCC 

32354); Lane 3: 7754; Lane 4: 2682; Lane 5:1830; Lane 6: 9505; Lane 7: 0865; Lane 8: 9825; Lane 9: 2996; Lane 

10: 8763; Lane 11: 6422. 

 

 

 

 

p     500bp 

 

 

     250bp 

  50bp 

  M           1           2            3             4           5           6            7            8          9            10            11 
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The six unidentified species were identified as being Pichia kudrianvzevii isolated from urine, 

Cryptococcus neoformans isolated from blood, Saccharomyces cerevisiae from blood, 

Trichosporum japonicum from urine, and two species of Cyberlindnera fabianii from blood 

(Table 3.2; Appendix C). 

 

Table 3.2: Concordance between genotypic and phenotypic identification methods for Candida species and other 

fungal species. 

Organism identified Genotypic (n) Phenotypic (n) Misidentified 

C. albicans 60 58 2 

C. lusitaniae 11 11 0 

C. glabrata 6 6 0 

C. tropicalis 5 4 1 

C. parapsilosis 3 4 1 

C. quilliermondii 3 3 0 

C. pelliculosa 1 1 0 

C. keyr 1 1 0 

C. famata 0 1 1 

C. krusei 0 1 1 

Cryptococcus neoformans 1 1 0 

Saccharomyces cerevisae 1 1 0 

Cyberlindnera fabianii 2 ND NA 

Pichia kudrianvzevii 1 ND NA 

Trichosporon japonicum 1 ND NA 
  Abbreviation: ND, Not detected: NA, Not applicable. 

 

Most of the fungal species identified were isolated from HIV- positive patients, with C. albicans 

being the most predominant species (Appendix C).     

 

3.2 Determination of Antifungal Susceptibility Pattern 

C. albicans was resistant to fluconazole (18.3%, 11/60), amphotericin B (10%, 6/60), flucytosine 

(8.3%, 5/60) and caspofungin (3.3%, 2/60) (Table 3.3). C. lusitaniae showed resistance to 
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fluconazole (22.2%), and amphotericin B (22.2%). Both C. glabrata and C. tropicalis strains 

were resistant to amphotericin B by 66.6% and 30%, respectively. C. parapsilosis was only 

resistant to flucytosine (33.3%), while C. quilliermondii were resistant to fluconazole, 

amphotericin B, flucytosine and caspofungin by 33.3%. C. pelliculosa and C. kefyr strains were 

sensitive to all the antifungal agents tested (Table 3.3). The lowest MIC50 observed for 

flucytosine was 0.004µg/ml for C. lusitaniae and C. glabrata strains. The highest MIC50 

observed for fluconazole was 256µg/ml for C. quilliermondii. The MIC50 for C. albicans, the 

most isolated species, were 2µg/ml for fluconazole, 0.75µg/ml for amphotericin B, 0.016µg/ml 

for flucytosine, and 0.25µg/ml for caspofungin (Table 3.3). 

 

The lowest MIC90 observed for flucytosine was 0.004µg/ml against C. glabrata, and the highest 

MIC90 observed for fluconazole was 256µg/ml against C. albicans, C. tropicalis and C. 

quilliermondii. The MIC90 for fluconazole against C. lusitaniae and C. glabrata were 96µg/ml 

and 16µg/ml, respectively (Table 3.3). 
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Table 3.3: In vitro antifungal susceptibility by MIC (µg/ml) using E - test method. 

Species (no.of isolates)        Antifungal agents          Range          MIC50         MIC90       No. of resistant isolates (%) 

  C. albicans (60)  Fluconazole               0.5 – 256         2.0               256                    11 (18.3%)             

                               Amphotericin B         0.5 - 32            1.0               1.5                       6 (10%) 

                                  Flucytosine                 0.004 - 32       0.016           0.25                     5 (8.3%) 

                                Caspofungin               0.125 - 32        0.25            0.75                      2 (3.3%) 

 

 

C. lusitaniae (09)   Fluconazole              0.75 - 96          1.0              96                          2 (22.2%) 

                                 Amphotericin B        0.75 - 3           1.0               1.5                         2 (22.2%) 

                                  Flucytosine               0.003 - 32       0.004            6.0                         1(11.1%) 

                               Caspofungin              0.25 - 1           0.25               1                            0.00 

 

C. glabrata (06)    Fluconazole               1 - 16                  6                16                          0.00 

                            Amphotericin B           1 - 2                 1.5               2                          4 (66.6%) 

                              Flucytosine              0.002 - 0.004      0.004         0.004                      0.00 

                              Caspofungin             0.19 - 0.5             0.25            0.5                        0.00 

 

C. tropicalis (05)   Fluconazole                1 - 256                  1                 256                 1 (20%) 

                                  Amphotericin B           0.75 - 2                1                   2                  1 (20%) 

                               Flucytosine                 0.006 - 0.016        0.016          0.016                0.00 

                              Caspofungin               0.125 - 1               0.125              1                   0.00 

Resistance is defined as the following MIC in microgram per millilitre: Flu  64; AMB   1.0; FC    CAS  using interpretive 

breakpoint criteria of EUCAST and CLSI (EUCAST 6.1, 2013; MIC test strip, 2014). MIC50 and MIC90 - MIC value to inhibit 50% and 

90% of the strains tested, respectively. 

 

 

 



40 

  

 

Table 3.3: In vitro antifungal susceptibility by MIC (µg/ml) using E - test method (continued). 

Species (no. isolates)        Antifungal agents          Range           MIC50           MIC90       No. of resistant isolates (%) 

C. parapsilosis (03)   Fluconazole                    1 - 8                2                 8                        0.00 

                                  Amphotericin B           0.75 - 1            0.75              1                        0.00 

                                   Flucytosine                 0.006 - 32         0.016            32                   1 (33.3%) 

                                    Caspofungin                0.125 - 0.5         0.25            0.5                      0.00 

 

C. quilliermondii (03) Fluconazole                 2 - 256             256              256                   1 (33.3%) 

                                       Amphotericin B           1 - 32               0.75              32                    1 (33.3%) 

                                      Flucytosine                0.004 - 32         0.016              32                   1 (33.3%) 

                                      Caspofungin               0.25 - 32           0.75               32                   1 (33.3%) 

 

C. pelliculosa (01 ) Fluconazole                            3               -              -                           0.00 

                                Amphotericin B                      1               -              -                           0.00 

                                    Flucytosine                          0.016           -               -                          0.00 

                                    Caspofungin                           0.5            -               -                          0.00 

 

 C. kefyr (01)  Fluconazole                               8                 -             -                        0.00 

                         Amphotericin B                         1                 -             -                        0.00 

                        Flucytosine                              0.003             -             -                       0.00 

                 Caspofungin                               1.5                -           -                        0.00 

Resistance is defined as the following MIC in microgram per millilitre: Flu  64; AMB   1.0; FC    CAS  using interpretive 

breakpoint criteria of EUCAST and CLSI (EUCAST 6.1, 2013; MIC test strip, 2014). MIC50 and MIC90 - MIC value to inhibit 50% and 90% of 

the strains tested respectively. 
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Most of the drug resistant Candida species (79.3%, 23/29) were from HIV- positive than from 

HIV-negative (20.7%) patients (Figure 3.3). 

 

 

 

Figure 3.3: Comparative distribution of resistant Candida species from HIV- negative and HIV- positive patients. 
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C. albicans was the most drug-resistant strain in both HIV-positive (56.5%) and HIV-negative  

(50%) patients (Figure 3.4; Appendix C)               
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Figure 3.4: Distribution of drug-resistant Candida species from A) HIV-positive and B) HIV-negative patients. 
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The Mean MICs of antifungal agents on Candida species from HIV-positive and HIV-negative 

participants were 52.6 and 27.9, respectively, for fluconazole (p = 0.17). Those for amphotericin 

B were 1.66 for HIV-positive and 2.39 for HIV-negative individuals (p = 0.51), while those for 

flucytosine were 3.73 for HIV-positive and 1.58 for HIV-negative individuals (p = 0.24). The 

Mean MICs for caspofungin was 2.11 for HIV-positive and 1.97 for HIV-negative individuals (p 

= 0.92) (Table 3.4) 

 

Table 3.4: Mean MIC in µg/ml of antifungal agents on Candida species isolated from HIV- positive 

and HIV- negative Study participants ( n= 96). 
 

                                   Mean MIC (No. of isolates) 

 Variables                             HIV + (n = 55)       HIV - (n = 41)        95% CI                p – value 

  

  Fluconazole                            52.6 ± 97.6           27.9 ± 76.7            24.5 - 60.8                0.17 

  Amphotericin B                      1.66 ± 4.2              2.39 ± 6.8            0.87 - 3.08                 0.51 

   Flucytosine                            3.73 ± 10.3            1.58 ± 6.8             1.01- 4.61                 0.24 

   Caspofungin                           2.11 ± 7.26            1.97 ± 6.9             0.62 – 3.49               0.92 

p-values were determined using students t test. Values are expressed as mean ± SD and 95% Confidence Interval. Abbreviations: 

MIC, Minimum Inhibitory Concentration. Resistance Breakpoints: Fluconazole ≥64 µg/ml, Amphotericin-B >1.0µg/ml, 

Flucytosine ≥32µg/ml, Caspofungin≥32µg/ml.  

 

 

3.2.1 Antifungal Multi-Drug Resistance of Candida Isolates 

Multi-drug resistance to a combination of four and two antifungal agents was observed in 5 

Candida isolates. Multi-drug resistant was defined as isolates being resistant to more than two 

classes of antifungal agents. C. albicans showed 40% MDR pattern to fluconazole, amphotericin 

B, flucytocine and caspofungin, while, C. lusitaniae and C. quilliermondii showed 20% MDR 

pattern to the classes of antifungal agents tested (Table 3.5). 
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Table 3.5: Antifungal multi-drug resistance pattern of Candida isolates (n=5) 

 Species                                    Multi-resistance Pattern                              Proportion of Isolation % (n) 

  C. albicans                                FLU + AMB + FC + CAS                                        40 (2) 

  C. guilliermondii                       FLU + AMB + FC + CAS                                        20 (1) 

  C. lusitaniae                              FLU + AMB                                                             20 (1) 

  C. albicans                                 AMB + FC                                                               20 (1) 

Abbreviation: FLU, Fluconazole; AMB, Amphotericin B; FC, Flucytosine; CAS, Caspofungin. 
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Chapter 4: Discussion 

 

4.1 Discussion  

In recent years, Candida infections in hospitalised patients have been on the increase (Namkinga, 

2013; Daiichi et al., 2014). This increase has been associated with surgical interventions, 

intensive care treatment, extreme of age, metabolic disorders, neutrophil dysfunction, and 

immunodeficiency states among others (Clarissa et al., 2013; Pedro et al., 2014). This calls for 

accurate identification of Candida species to select the most effective therapeutic strategies to 

control invasive fungal infections (Ali, 2011; Annette et al., 2014). Results presented in this 

study demonstrate the occurrence of a variety of culturable fungal species obtained from 

different clinical specimens, which were mainly Candida species and a few non-Candida 

species. Among the Candida species, the predominant isolate was C. albicans, followed by C. 

lusitaniae, C. glabrata, C. tropicalis, C. parapsilosis, C. guilliermondii, C. pelliculosa and C. 

keyr. The non-Candida species included Pichia kudrianvzevii, Cryptococcus neoformans, 

Saccharomyces cerevisiae, Trichosporum japonicum and Cyberlindnera fabianii.  

 

An important observation in our study is that the commonly isolated Candida species was C. 

albicans, and this corroborates with findings in studies done in Brazil, China and USA (Jia et al., 

2008; Schoch et al., 2012; Bartelli et al., 2013; Karina et al., 2015). The predominance of this 

species may be attributed to virulence, conferring upon its enhanced capacity for colonisation 

and pathogenic activity for humans (Alice et al., 2012; Ostrosky et al., 2014). In fact several 

studies have shown that C. albicans is the predominant species regardless of the immune status 

of the patient (Golas et al., 2014; Philippe et al., 2015.) Another significant finding was that a 
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number of non-albicans species were also isolated. This observation emphasises the great 

importance of non-albicans Candida species as important pathogens in clinical specimens. This 

was consistent with Tanzanian and Iranian studies which also showed that C. albicans was a 

dominant species, while non-albicans Candida species were present in lower proportions 

(Namkinga, 2013; Badiee and Alborzi, 2011). 

 

It is worth noting that the phenotypic methods employed in this study misidentified three 

Candida isolates, and failed to identify the non-Candida fungal isolates: Pichia kudrianvzevii, 

Cryptococcus neoformans, Saccharomyces cerevisiae, Trichosporum japonicum and 

Cyberlindnera fabianii. However, with the aid of molecular methods, the isolates were correctly 

identified. The utilisation of the Internal Transcribed Spacer (ITS) region for species 

identification seems to be gaining popularity, and is considered the gold standard and the most 

reliable strategy for the accurate and rapid molecular identification of fungal species, including 

Candida species (Ciardo et al., 2010; Schoch et al., 2012; Bartelli et al., 2013; Cogliati et al., 

2013; Rodrigues et al., 2014).  

 

Consistent with findings in other studies, urine was found to be the main source of the Candida 

isolates, followed by sputum, HVS and blood (Yun-Liang et al., 2011; Zarei et al., 2012; 

Ibrahim et al., 2014). Urine was the main source because there were more urine specimens than 

any other specimen and most of these urines were from women. Females are more prone to 

Candida colonisation due to their anatomy and Candida is part of the normal flora of the genito-

urinary tract in women (Gizachew et al., 2013; Ibrahim et al., 2014). C. albicans was the main 

isolate from all the specimens, while C. lusitaniae showed dominance as non-albicans species. 
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Similar observations were made in Ethiopian, Ghanaian and Nigerian studies where 60% of 

candiduria and 80% of oral yeast isolated from immunocompromised patients were C. albicans 

because it is the most virulent specie and expresses several virulence factors that contribute to 

the pathogenesis of Candida infection (Wabe et al., 2011; Jurden et al., 2012; Kwamin et al., 

2013; Mulu et al., 2013). A South African study demonstrated that about 80% of oral yeast 

isolates from hospitalised patients were C. albicans (Blignaut, 2007; Hamza et al., 2008). This 

was in keeping with our findings in which C. albicans was the main isolate from sputum and 

HVS specimens and this may be attributed to its virulence (Kwamin et al., 2013; Mulu et al., 

2013). However, the isolation rate of Candida species from HVS was lower than that in a 

Taiwanese study (Yun-Liang et al., 2011). This could be attributed to differences in the 

distribution of Candida species in different geographical regions of the world. 

 

Fifty percent of C. glabrata were isolated from urine, and has been reported to be a common 

cause of candiduria amongst non-albicans and can be attributed to the widespread of 

immunosuppressive and broad-spectrum antifungal agents (Yang et al., 2005). Amongst the 

other non-Candida fungal species, Pichia kudrianvzevii and Trichosporum japonicum were 

isolated from urine, while Cryptococcus neoformans, Saccharomyces cerevisiae, and 

Cyberlindnera fabianii were isolated from blood. Interestingly, all the non- Candida species 

were from HIV-positive patients. A study done in South Africa showed that fungal pathogens 

were mostly associated with immunocompromised patients (Pedro et al., 2014). 

 

Many studies have also indicated that C. albicans is the main cause of candidaemia and sepsis, 

especially in immunocompromised and debilitated patients with cancer, HIV/ AIDS and diabetes 
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(Hajjeh et al., 2004; Morii et al., 2014). However, our findings indicate that C. lusitaniae was the 

main species commonly isolated from blood specimens as it is known to cause candidaemia in 

immunocompromised patients and neonates in intensive care units (Eraso et al., 2006; Sudha et 

al., 2013). The probable explanation for this is that Candida species appear not to be normally 

distributed in different parts of the world (Haddadi et al., 2014; Morii et al., 2014). It has been 

noticed that some Candida species are more specific to a particular region than others (Colombo 

et al., 2006; Morii et al., 2014). This suggests that more attention should be paid to local 

distribution of Candida species than to continental distribution. 

 

The antifungal susceptibility testing is an important tool in the management of Candida infection 

because it promotes accurate administration of antifungal agents, and as an aid in drug 

development as well as a means of tracking the development of antifungal resistance in 

epidemiologic studies (Spellberg et al., 2006; Arendrup, 2010; Karina et al., 2015). In this study, 

the majority of the Candida species were isolated from HIV-positive patients, and these were 

mainly associated with drug resistance. This may be attributed to the fact that in Zambia the 

majority of HIV patients are given fluconazole tablets for prophylaxis against oral thrush and 

cryptococcal meningitis, and compliance to therapy in these patients is unknown, resulting in 

development of drug resistance (Enwuru et al., 2008; Haddadi et al., 2014). This corroborates 

with other studies in which similar findings were observed (Charter et al., 2006; Sipas et al., 

2009; Dannaoui et al., 2012).  

 

High resistance to fluconazole and amphotericin B, with high MIC levels, was observed with C. 

albicans, C. lusitaniae and C. glabrata, which were the most, isolated species in this study. 
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There was a significant difference in the resistance pattern of C. albicans between fluconazole 

and amphotericin B (p = 0.001). Similar observations were made in an Iranian study in which C. 

albicans isolates were resistant to fluconazole, and usually have a poor response to treatment 

(Guinea et al., 2014). Studies done in Brazil, Denmark and Taiwan showed that C. albicans were 

resistant to fluconazole between 10% and 25% (Leroy et al., 2009; Nishikaku et al., 2010; 

Lockhart et al., 2012; Posteraro et al., 2013). This could be attributed to the antifungal 

prophylaxis which is considered to be responsible for development of resistant strains to 

antifungal agents used for prophylaxis (Charlier et al., 2006; Sipas et al., 2009; Dannaoui et al., 

2012). 

 

This study also demonstrated that C. lusitaniae was resistant to fluconazole and amphotericin B. 

This Candida species has been reported to be inherently resistant to amphotericin B in India, and 

strains that are susceptible are likely to develop resistance during the course of treatment with the 

drug (Sudha et al., 2013). The isolates of C. glabrata were the most resistant of all the Candida 

species against amphotericin B.  This was consistent with a South African study which showed 

C. glabrata with high resistance to amphotericin B, and typically exhibited reduced susceptibility 

to amphotericin B (Gregory et al., 2014; Pedro et al., 2014). However, C. pelliculosa and C. keyr 

showed no resistance to all antifungal agents tested. This may be attributed to low yield of C. 

pelliculosa and C. keyr isolates in this study.  However, a study done in India showed that C. 

pelliculosa and C. keyr were susceptible to fluconazole, amphotericin B, flucytosine and 

caspofungin (Sudha et al., 2013). 
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The isolates of C. guilliermondii and C. parapsilosis showed relatively higher caspofungin MICs 

compared to other Candida species in this study. Flucytosine was the most effective drug against 

C. glabrata, whilst caspofungin was the most effective antifungal agent against C. albicans, C. 

lusitaniae, C. glabrata, C. tropicalis and C. parapsilosis. This was in keeping with studies 

conducted in South Africa and Tanzania where high caspofungin MICs were reported against C. 

guilliermondii and C. parapsilosis (Badiee and Alborzi, 2011; Sudha et al., 2013; Pedro et al., 

2014). Comparing the Mean MIC values in this study, Candida isolates from HIV-positive 

patients showed higher values of resistance than isolates from HIV- negative patients. These 

results corroborate with findings in South African studies where drug resistance was reportedly 

high in HIV-positive than HIV-negative patients (Chaitanya et al., 2014; Pedro et al., 2014). 

 

Comparing the Mean MIC values in this study, Candida isolates from HIV-positive patients 

showed higher values of resistance than isolates from HIV- negative patients. These results 

corroborate with findings in South African studies where drug resistance was reportedly high in 

HIV-positive than HIV-negative patients (Chaitanya et al., 2014; Pedro et al., 2014). 

Amphotericin B posed a major concern because the Mean MICs were above 1µg/ml, the 

resistance breakpoint. This could be due to the chronic nature of the HIV infection that demands 

excessive use of drugs due to recurrent opportunistic infections of the patients (Sipas et al., 2009; 

Dannaoui et al., 2012).  

 

The multi-drug resistance (MDR) observed in five isolates of Candida isolates, with C. albicans, 

being the predominant resistant, mostly to fluconazole and amphotericin B. In fact all the three 

species of C. albicans that showed an MDR pattern were isolated from HIV-positive patients.   
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C. lusitaniae and C. quilliermondii were the other species that showed MDR patterns, and this 

involved the four classes of antifungal agents tested in this study. These findings on MDR pose 

serious clinical challenges as they seem to suggest the emergence of MDR Candida strains in 

hospitalised patients at the University Teaching Hospital in Lusaka.  

 

4.2 Conclusion 

This study has demonstrate that C. albicans was the predominant Candida species causing 

infection at the University Teaching Hospital, and corroborates findings from other parts of the 

world. C. lusitaniae and C. glabrata were the most common non-albicans species isolated. Most 

of the organisms were isolated from HIV-positive patients, and were the most drug resistant.  C. 

albicans, C. lusitaniae and C. glabrata were the most resistant species to all the antifungal agents 

tested. Caspofungin was the most effective drug compared to fluconazole and amphotericin B, 

two of the most widely used antifungal agents at the University Teaching Hospital. This study 

was the first to characterise Candida species using both phenotypic and molecular methods, and 

determine the antifungal susceptibility patterns in Zambia. 

 

4.3 Limitations of the Study 

One major limitation of this study was lack of clinical data from some patients. This data if 

provided would have been useful in correlating the laboratory findings to the clinical outcomes 

of the patients. Unfortunately, data was not readily available because there was no access to the 

patient records. The other limitation of the study was that only isolates from the University 

Teaching Hospital were studied.  
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4.4 Recommendations 

Based on the findings of this study, we would like to recommend that identification of Candida 

to the species level and antifungal susceptibility testing should be carried routinely at the 

University Teaching Hospital. The dispensing of antifungal drugs should be monitored carefully 

to reduce on the widespread use of antifungal agents. Unrestricted access to antifungal drugs 

without prescription should be discouraged and improve control over sale of antifungal agents to 

reduce antifungal resistance.  Awareness programmes of prevalence on Candida species, proper 

use of antifungal and resistance pattern surveillance should be developed to help the community 

have great insight of the Candida infection.  

 

This study demonstrated the need for the national surveillance study on identification and 

determination of antifungal susceptibility patterns so that information from other parts of Zambia 

is made available. This would give the accurate picture on the different Candida strains 

circulating and their antifungal susceptibility in the country. This can be achieved by conducting 

national surveys involving isolates from different hospitals around the country.  It would also be 

of interest to provide insights in the molecular epidemiology of the Candida species using 

techniques such as Pulsed Field Gel Electrophoresis and whole genome sequencing. This will 

give more scientific information and an accurate picture on the circulating species and their 

antifungal susceptibility pattern in the entire country. 
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Appendix B: ITS Sequences of Representative Species  

 

1. Candida albicans strain n114a 

Score Expect Identities Gaps Strand 

331 bits(172) 2e-87 172/172(100%) 0/172(0%) Plus/Plus 

Query  1    TGCCCACATGTGTTTTTCTTTGAACAAACTTGCTTTGGCGGTGGGCCCAGCCTGCCGCCA  60 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  11   TGCCCACATGTGTTTTTCTTTGAACAAACTTGCTTTGGCGGTGGGCCCAGCCTGCCGCCA  70 

 

Query  61   GAGGTCTAAACTTACAACCAATTTTTTATCAACTTGTCACACCAGATTATTACTAATAGT  120 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  71   GAGGTCTAAACTTACAACCAATTTTTTATCAACTTGTCACACCAGATTATTACTAATAGT  130 

 

Query  121  CAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGC  172 

            |||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  131  CAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGC  182 

 

2. Candida glabrata strain H115A 

Score Expect Identities Gaps Strand 

842 bits(438) 0.0 440/441(99%) 0/441(0%) Plus/Plus 

Query  1    TTGATTTGTCTGAGCTCGGAGAGAGACATCTCTGGGGAGGACCAGTGTAGACACTCAGGA  60 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  31   TTGATTTGTCTGAGCTCGGAGAGAGACATCTCTGGGGAGGACCAGTGTAGACACTCAGGA  90 

 

Query  61   GGCTCCTAAAATATTTTCTCTGCTGTGAATGCCATTTCTCCTGCCTGCGCTTAAGTGCGC  120 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  91   GGCTCCTAAAATATTTTCTCTGCTGTGAATGCCATTTCTCCTGCCTGCGCTTAAGTGCGC  150 

 

Query  121  GGTTGGTGGGTGTTCTGCAGTGGGGGGAGGGAGCCGACAAAGACCTGGGAGTGTGCGTGG  180 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  151  GGTTGGTGGGTGTTCTGCAGTGGGGGGAGGGAGCCGACAAAGACCTGGGAGTGTGCGTGG  210 

 

Query  181  ATCTCTCTATTCCAAAGGAGGTGTTTTATCACACGACTCGACACTTTCTAATTACTACAC  240 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  211  ATCTCTCTATTCCAAAGGAGGTGTTTTATCACACGACTCGACACTTTCTAATTACTACAC  270 

 

Query  241  ACAGTGGAGTTTACTTTACTACTATTCTTTTGTTCGTTGGGGGAAGGCTCTCTTTCgggg  300 

            ||||||||||||||||||||||||||||||||||||||||||||| |||||||||||||| 

Sbjct  271  ACAGTGGAGTTTACTTTACTACTATTCTTTTGTTCGTTGGGGGAACGCTCTCTTTCGGGG  330 

 

Query  301  gggAGTTCTCCCAGTGGATGCAAACACAAACAAATAtttttttAAACTAATTCAGTCAAC  360 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  331  GGGAGTTCTCCCAGTGGATGCAAACACAAACAAATATTTTTTTAAACTAATTCAGTCAAC  390 

 

Query  361  ACAAGATTTCTTTTAGTAGAAAACAACTTCAAAACTTTCAACAATGGATCTCTTGGTTCT  420 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  391  ACAAGATTTCTTTTAGTAGAAAACAACTTCAAAACTTTCAACAATGGATCTCTTGGTTCT  450 

 

Query  421  CGCATCGATGAAGAACGCAGC  441 

            ||||||||||||||||||||| 

Sbjct  451  CGCATCGATGAAGAACGCAGC  471 

 

 

 

 



68 

  

 

3. Candida parapsilosis strain n97a 

Score Expect Identities Gaps Strand 

358 bits(186) 2e-95 186/186(100%) 0/186(0%) Plus/Plus 

Query  1    TGCTTACTGCATTTTTTCTTACACATGTGtttttctttttttGAAAACTTTGCTTTGGTA  60 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  11   TGCTTACTGCATTTTTTCTTACACATGTGTTTTTCTTTTTTTGAAAACTTTGCTTTGGTA  70 

 

Query  61   GGCCTTCTATATGGGGCCTGCCAGAGATTAAACTCAACCAAATTTTATTTAATGTCAACC  120 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  71   GGCCTTCTATATGGGGCCTGCCAGAGATTAAACTCAACCAAATTTTATTTAATGTCAACC  130 

 

Query  121  GATTATTTAATAGTCAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAA  180 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  131  GATTATTTAATAGTCAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAA  190 

 

Query  181  CGCAGC  186 

            |||||| 

Sbjct  191  CGCAGC  196 

 

 

4. Candida tropicalis strain AYW-M09  

Score Expect Identities Gaps Strand 

337 bits(175) 5e-89 175/175(100%) 0/175(0%) Plus/Plus 

Query  1    TTGCACCACATGTGTTTTTTATTGAACAAATTTCTTTGGTGGCGGGAGCAATCCTACCGC  60 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  26   TTGCACCACATGTGTTTTTTATTGAACAAATTTCTTTGGTGGCGGGAGCAATCCTACCGC  85 

 

Query  61   CAGAGGTTATAACTAAACCAAACTTTTTATTTACAGTCAAACTTGATTTATTATTACAAT  120 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  86   CAGAGGTTATAACTAAACCAAACTTTTTATTTACAGTCAAACTTGATTTATTATTACAAT  145 

 

Query  121  AGTCAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGC  175 

            ||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  146  AGTCAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGC  200 

 

5. Cryptococcus neoformans 

Score Expect Identities Gaps Strand 

292 bits(152) 8e-76 154/155(99%) 0/155(0%) Plus/Plus 

Query  1    CGGTCATTTATCTACCCATCTACACCTGTGAACTGTTTATGTGCTTCGGCACGTTTTACA  60 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  9    CGGTCATTTATCTACCCATCTACACCTGTGAACTGTTTATGTGCTTCGGCACGTTTTACA  68 

 

Query  61   CAAACTTCTAAATGTAATGAATGTAATCTTATTATAACAATAATAAAACTTTCAACAACG  120 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  69   CAAACTTCTAAATGTAATGAATGTAATCTTATTATAACAATAATAAAACTTTCAACAACG  128 

 

Query  121  GATCTCTTGGCTTCCGCATCGATGAAGAACGCAGC  155 

            ||||||||||||||| ||||||||||||||||||| 

Sbjct  129  GATCTCTTGGCTTCCACATCGATGAAGAACGCAGC  163 

 

 

 



69 

  

 

Appendix C: Distribution of Candida Species from different Clinical Specimens 

 

Species identified Specimen origin Sex of patient Age of patient  HIV status 

C. albicans Urine F 24 years Positive 

C. albicans Urine F 25 years Negative 

C. albicans Urine F 18 years Negative 

C. albicans Urine F 16 years Negative 

C. albicans Urine F 21 years Positive 

C. albicans Urine M 10 years Positive 

C. albicans Urine F 32 years Negative 

C. albicans Urine F 20 years Positive 

C. albicans Urine M 43 years Positive 

C. albicans Urine F 11 years Unknown 

C. albicans Urine M 50 years Positive 

C. albicans Urine F 10 years Positive 

C. albicans Urine M 14 years Positive 

C. albicans Urine F 34 years Positive 

C. albicans Urine M 34 years Negative 

C. albicans Urine M 61 days Unknown 

C. albicans Urine F 18 years Positive 

C. albicans Urine F 40 years Positive 

C. albicans Urine F 27 years Positive 

C. albicans Urine M 2 years Unknown 

C. albicans Urine M 25 years Positive 

C. albicans Urine F 19 years Negative 

C. lusitaniae Urine F 27 years Negative 

C. lusitaniae Urine F 11 years Positive 

C. lusitaniae Urine M 30 years Positive 

C. lusitaniae Urine F 27 years Negative 

C. glabrata Urine F 58 years Positive 

C. glabrata Urine F 61 years Negative 

C. glabrata Urine F 30 years Unknown 

C. tropicalis Urine M 7 years Positive 

C. tropicalis Urine M 42 years Positive 

C. parapsilosis Urine M 64 years Negative 

C. parapsilosis Urine M 3 years Unknown 

C. parapsilosis Urine M 10 years Positive 

C. quilliermondii Urine M 7 years Positive 

C. quilliermondii Urine M 21 years Positive 

C. keyr Urine F 56 years Negative 

Pichia kudrianuzevii Urine F 30 years Positive 

Trichospora japonicum Urine M 25 years Positive 
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Appendix C: Distribution of Candida Species from different Clinical Specimens (Con’t) 

 

Species identified Specimen origin Sex of patient    Age of patient        HIV status 

C. albicans Sputum F 36 years Positive 

C. albicans Sputum F 33 years Positive 

C. albicans Sputum F 35 years Positive 

C. albicans Sputum M 84 years Negative 

C. albicans Sputum F 30 years Positive 

C. albicans Sputum M 33 years Positive 

C. albicans Sputum M 1 year Positive 

C. albicans Sputum F 30 years Positive 

C. albicans Sputum M 2 years Positive 

C. albicans Sputum F 46 years Positive 

C. albicans Sputum F 35 years Positive 

C. albicans Sputum M 50 years Positive 

C. albicans Sputum M 6 years Positive 

C. albicans Sputum F 50 years Positive 

C. albicans Sputum F 36 years Positive 

C. albicans Sputum F 39 years Positive 

C. albicans Sputum F 40 years Positive 

C. albicans Sputum F 36 years Positive 

C. glabrata Sputum M 45 years Positive 

C. tropicalis Sputum M 43 years Positive 

C. quilliermondii Sputum F 38 years Positive 

C. albicans HVS F 12 years Negative 

C. albicans HVS F 22 years Positive 

C. albicans HVS F 16 years Negative 

C. albicans HVS F 20 years Negative 

C. albicans HVS F 22 years Positive 

C. albicans HVS F 21 years Positive 

C. albicans HVS F 41 years Positive 

C. albicans HVS F 25 years Positive 

C. albicans HVS F 15 years Positive 

C. albicans HVS F 28 years Negative 

C. albicans HVS F 38 years Positive 

C. albicans HVS F 30 years Positive 

C. albicans HVS F 24 years Negative 

C. albicans HVS F 23 years Positive 

C. albicans HVS F 28 years Positive 

C. albicans HVS F 39 years Negative 

C. albicans HVS F 15 years Negative 
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Appendix C: Distribution of Candida Species from different Clinical Specimens (Con’t) 

 

Species identified Specimen of origin Sex of patient Age of patient HIV status 

C. albicans HVS F 28 years Positive 

C. glabrata HVS F 20 years Negative 

C. glabrata HVS F 24 years Negative 

C. albicans Blood M 30 years Positive 

C. albicans Blood M 10 days Unknown 

C. lusitaniae Blood M 10 days Unknown 

C. lusitaniae Blood M 2 days Unknown 

C. lusitaniae Blood F 1 day Unknown 

C. lusitaniae Blood F 8 days Unknown 

C. lusitaniae Blood F 12 days Unknown 

C. lusitaniae Blood F 6 days Unknown 

C. lusitaniae Blood M 7 days Unknown 

C. tropicalis Blood M 1 day Unknown 

C. tropicalis Blood M 5 days Unknown 

C. pelliculosa Blood M 8 days Unknown 

Cryptococcus neoformans Blood M 27 years Positive 

Cyberlindnera fabianii Blood F 10 days Unknown 

Cyberlindnera fabianii Blood F 12 days Unknown 

Saccharomyces cerevisiae Blood F 18 years Unknown 
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Appendix D: Media and Reagent Preparations  

1.5% Agarose Gel 

1.5g agarose powder 

Up to 100ml 1x TBE buffer 

 

Corn Meal Agar (Oxoid Ltd, Basingstoke, Hampshire, UK). 

17g corn meal powder 

Up to 100ml distilled water, autoclave 

Store at 4
o
C 

 

STTG Storage Media 

2g Skimmed milk powder 

3g Tryptone soy broth powder 

 0.5g Glucose 

10ml Glycerol 

Up to 100ml distilled water, autoclave. 

         

Ethidium bromide solution 

10mg/ml in distilled water 

Stored in a dark bottle at 4
o
C 

 

TBE Buffer (10x) 

108g Tris 

55g Boric acid 

9.3g EDTA 

Up to 100ml distilled water, autoclave and store at temperature 

 

TBE Buffer (1x) 

1 volume of 10x TBE buffer 

9 volume distilled water 

 

0.5 McFarland BaSO4 Standard 

0.5 ml of 0.048M BaCl2 (1.175% W/V BaCl2.H2O 

99.5ml of 0.36N H2SO4 

 

 

 

 

 

 


