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ABSTRACT 

Improved oral hygiene plays a vital role on quality of health and well-being of diabetic 

patients. Poor oral health leads to an increased incidence of oral diseases, particularly 

oral candidiasis. The emergence and global spread of azole- resistant Candida species 

has necessitated the need for novel, cost effective antifungals to stop further spread of 

resistant Candida infections.  

This project is the first documented investigation of Candida species prevalence in 

Libyan type 2 diabetes mellitus (T2DM) patients and investigated the antifungal effect 

of Salvadora persica and Euclea natalensis on azole-resistant Candida isolates.   In this 

study, 182 Candida isolates from the oral mucosa of T2DM patients were identified 

using presumptive species identification by chromogenic media followed by 

confirmation using API ID 32 C, YST Vitek 2 and phenotype microarrays. Their drug 

susceptibility profiles were tested using the disc diffusion and the AST Vitek 2 

compact system.  

High-pressure liquid chromatography and nuclear magnetic resonance were employed 

to separate, isolate and purify the bioactive compounds and fractions of the plant 

extracts which were then tested for their antifungal activity. The results showed that 

both Salvadora persica and Euclea natalensis promise to provide beneficial 

alternatives to conventional drugs in treating oral candidiasis in diabetic patients. 
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Background and objectives: The emerging resistance of Candida species to 

antifungals routinely used to treat candidiasis in HIV patients and in patients with 

diabetes mellitus (DM) has resulted in the frequent isolation of non-albicans 

Candida species. This study aimed to establish the prevalence and fluconazole 

resistance profiles of yeasts other than commonly identified Candida species which 

may be found colonizing the oral mucosa of Libyan patients with DM. 
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susceptibility testing of the isolates to the antifungal fluconazole was performed 

using disk diffusion. The study complied with the Declaration of Helsinki (2013). 
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Results: Forty-four rare fungal isolates representing ten fungal species were 

identified from the oral mucosa of 194 patients, with 28.6% of rare Candida species 

demonstrating resistance to fluconazole. Saprochaete capitata and Cryptococcus 

humicola isolates demonstrated high levels of resistance to fluconazole, with other 

yeast species showing lower resistance levels. 

Conclusion: The methodologies used in this study allowed for the accurate 

identification of rare fungal species. The API 32 ID system was found to be a better 

identification method when compared to chromogenic media, as some species could 

not be identified with the latter. This study emphasizes the importance of accurate 

species identification and antifungal surveillance in patients with underlying 

chronic diseases such as DM who have higher morbidity and mortality rates due to 

less known and resistant fungal infections. 
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Methods: Candida species were collected from patients attending a diabetes clinic 

in Misrata Diabetes Centre in Libya. Candida species were identified by culture on 
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resistant, seventy species were identified as C. albicans, 5 of them are resistance to 

fluconazole (2.57%). All 5 isolates of C. krusei are resistance to fluconazole, and 

19 of 21 C. glabrata are resistance (9.79%). In total, 41 species are resistance to 

fluconazole, and 32 species are intermediate-resistance (16.49%). The results 
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showed high activity of 7-methyljuglolne with MICôs ranging between 25 µg/ml ï 

0.390 µg/ml. 

Conclusion: These findings emphasize the crucial need for accurate screening, 

identification and susceptibility testing to prevent further spread of nosocomial and 

community acquired resistance. The antifungal effect of 7-Methyljuglone from 

Euclea natalensis was evaluated as an alternative bioactive agent for azole-resistant 

oral Candida species in DM patients.  
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Background: Type 2 diabetes mellitus (T2DM) predisposes patients to 

opportunistic infections, such as invasive candidiasis. Treatment of candidiasis is 

challenged by the emerging resistance of Candida species. In this study, the 

antifungal drug resistance patterns of Candida species present in the oral mucosa 

of T2DM Libyan patients was investigated. 

Methods: Seventy-four (74) oral Candida isolates collected from T2DM patients in 

Misrata, Libya were characterised using the Vitek 2 Compact system. 

Results: Prevalent species included C. albicans, C. glabrata, C. dubliniensis, C. 

krusei, C. tropicalis, C. sake, C. kefyr, C. guilliermondii, C. parapsilopsis, C. 

membranifaciens and C. magnoliae. Drug susceptibility showed an emerging 

resistance across representatives of all species for which breakpoints were available, 

with the exception of C. parapsilopsis. Although there are no established 

interpretative breakpoints for these species, three C. sake isolates and the C. 

membranifaciens isolate also had high MIC values for fluconazole. The tested 

isolates were found to be largely susceptible to caspofungin and micafungin. All C. 

albicans isolates were susceptible to the echinocandins, amphotericin B and 5-
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flucytosine. Resistance to more than one drug class was seen in C. dubliniensis, C. 

glabrata and C. krusei isolates. 

Conclusion: Although the susceptibility results for the echinocandins were 

encouraging, resistance against the azoles was apparent and should not be ignored. 

This was especially so in the case of fluconazole, which is often the only locally 

available antifungal drug for the treatment of disseminated candidiasis. 
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Introduction : There is a paucity of studies describing the prevalence and 

antimicrobial profiles of Candida in Libya. Limited treatment choices in the 

antifungal armamentarium in public healthcare settings in the rest of Africa require 

a study of the prevalence and susceptibility of Candida species in Libya, where 

antifungals are not regularly distributed in public health care settings. 

Methods: In this study, 170 diabetic mellitus type 2 (T2DM) patients were 

examined for Candida carriage in the oral mucosa, using differential Fluka and 

Oxoid chromogenic media and API 32 ID C biochemical testing. Fluconazole 

susceptibility was investigated by disc diffusion on YNBG agar. Isolates were 

graded as susceptible, intermediate or resistant according to their inhibition zone 

measurements and micro-colony scores. 

Results: Thirteen species were identified from 182 isolates with a frequency of 69 

C. albicans, 42 C. dubliniensis, 26 C. humicola, 20 C. glabrata, 5 isolates of each 

C. krusei, C. tropicalis and C. kefyr, 4 C. sake, 2 C. parapsilopsis, 2 C. magnoliae 

and 1 isolate each of C. guilliermondii, C. globosa and C. membranifaciens. 

Although largely susceptible to fluconazole, C. albicans, C. dubliniensis, C. 

humicola and C. sake demonstrated an emerging resistance with intermediate to 

total resistance observed in all the other species except for C. magnolia and C. 

globosa which were both susceptible to fluconazole. 
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Conclusion: Early recognition and treatment of rare or resistant species which may 

be contributing to patient morbidity and mortality in Libya is imperative 

This study was funded by the Libyan government. 

Manuscripts in preparation  

1. Esmaio MHMH, Abrantes PMDS, Africa CWJ 

Application of Vitek 2 technology in epidemiological studies of Candida in 

type 2 dibetes mellitus patients in Libya 

To be submitted to:] Epidemiology and Infection 
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CHAPTER 1 

REVIEW OF THE L ITERATURE  

1. Introduction  

The genus Candida is within the class Deuteromycetes and has been described as a 

"taxonomic pit" into which yeasts without a known sexual stage or other remarkable 

phenotypic character have been thrown (Parihar, 2011, Diekema et al., 2012). There 

are currently over 150 species, and about 15 are known to cause infections in humans. 

These disease-causing Candida species include Candida albicans, Candida glabrata, 

Candida dubliniensis, Candida tropicalis, Candida parapsilosis, Candida krusei, 

Candida guilliermondii, Candida lusitaniae, Candida pelliculosa, Candida kefyr, 

Candida lipolytica, Candida famata, Candida inconspicua, Candida rugosa, and 

Candida norvegensis. However, the regularly isolated pathogens are C. albicans, C. 

glabrata, C. parapsilosis, C. tropicalis, and C. krusei which were reported in 95% of 

patients with known Candida infections (Diekema et al., 2012).  

Candida species produce hydrolytic enzymes that harm the host tissues and play a role 

in disease causation. Cases of these enzymes comprise phospholipases, proteases, and 

haemolysin. The ability of Candida species to cause invasive infections is due to 

specific virulence factors which include evading the host immune system and ability 

to form biofilms on medical devices and on tissue surfaces (Calderone and Fonzi, 2001, 

Silva et al., 2012).  

The three most investigated factors are those which relate to the cell wall, adhesion, 
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and extracellular proteolytic enzyme production. The cell wall of the organism is 

essential for its success as a pathogen, since it is required for growth and protection 

against osmotic insult and is the site of contact between the organism and its 

environment. Cell-surface ligands and receptors promote colonization of host cells and 

tissues, whereas proteolytic enzymes are involved in tissue penetration (Naglik et al., 

2003, Naglik et al., 2004, Karkowska-Kuleta et al., 2009). 

Colonization of the oral surface by C. albicans can cause damage to the oral tissues 

because of its ability to express several virulence factors including adherence to host 

cells or denture surfaces such as oral prosthesis, secretion of hydrolytic enzymes 

(Schaller et al., 2005, Mishra et al., 2007, Junqueira et al., 2011), adaptation to 

different environmental conditions and biofilm formation (Silva et al., 2010). Yeast 

adhesion to epithelial cell surfaces is deemed an initial and critical stage in the process 

of Candida colonization and further occurring infection (Wächtler et al., 2012). 

1.1. Candida Biofilm formation  

Candida species occur and multiply either as planktonic (free-floating cells), or as 

structured, sessile communities which could be either mono or polymicrobial, enclosed 

in a self-created gel-like polysaccharide matrix known as a biofilm (Stickler, 2008). 

Fungal infections, particularly in immunocompromised persons and those on heavy 

courses of antibacterial compounds that are liable to super infection are a growing 

concern. This is because like bacteria, fungi such as Candida albicans have also been 

known to be capable of biofilm formation on medical implants (Busscher et al., 1994, 

Ell, 1996, Busscher et al., 1997, Silva et al., 2012, Silva et al., 2017). Candida species 

are often found in the normal microbiota of humans, which facilitates their encounter 

with most implanted biomaterials and host surfaces. Recent work has shed some 
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insight into the molecular mechanisms that control the development of fungal biofilms 

(Chandra et al., 2001, Finkel and Mitchell, 2011, Mayer et al., 2013). 

Biofilms are defined as biological communities with a high-level configuration, in 

which micro-organisms form structured coordinated and functional communities 

(Donlan, 2001, Douglas, 2002). These biological communities are entrenched in a self-

made extracellular matrix. The biofilm formation is also associated with a high level 

of antimicrobial resistance in the associated organisms (Sardi et al., 2013). Recent 

evidence suggests that the majority of infections produced by this pathogen are 

associated with biofilm growth (Silva et al., 2017).  

Six different sequential stages of biofilm development have been described (Costerton 

et al., 1999, Ramage et al., 2001, Hall-Stoodley and Stoodley, 2005). These stages 

comprise of: 

1. Initial adherence and attachment of yeast cells (0-2 h). 

2. Germination and formation of micro colonies (2-4 h). 

3. Filamentation (4-6 h). 

4. Monolayer development (6-8 h). 

5. Proliferation (8-24 h) and maturation (24-48 h). 

6. Detachment of planktonic cells and formation of a new biofilm. 

The mechanisms of Candida biofilm formation seem to be intricate, including a 

multiplicity of cell-to-protein and protein-to- protein interactions supported by 

components of biological fluids such as saliva or serum (Nikawa et al., 1999). 

Accordingly, biofilms have a population of single or multiple species of 

microorganisms embedded in self-produced hydrated exopolysaccharides. These are 
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irreversibly adhered to a surface, and exhibit a phenotype considerably different from 

their planktonic counterparts (Donlan, 2002). 

Cell surface hydrophobicity (CSH) and biofilm formation have been identified as vital 

virulence factors that have important roles in the pathogenesis of Candida spp. Previous 

studies (Samaranayake et al., 1995, Panagoda et al., 1998), also showed a positive 

correlation between CSH and adhesion of Candida to the buccal epithelial cells and 

inert polymeric surfaces such as denture prostheses. The adhesion of Candida spp., thus 

plays an initial and significant step in biofilm formation. 

As mentioned above, the architecture of the biofilms formed by C. albicans is like that 

of bacterial biofilms. Candida species grown within a bacterial biofilm, have indicated 

an interaction between the prokaryotic and eukaryotic cells (Douglas, 2003) . Of greater 

interest, however, is the question of whether these fungi develop new physiological 

properties that are different from their planktonic counterparts. A study by Douglas 

have used classical assays to address this question (Douglas, 2003). Using their 

standard assay for biofilm formation in conjunction with electron microscopy, they 

showed that C. albicans biofilms became resistant to five antifungal compounds that 

are used routinely in clinical settings (Hawser and Douglas, 1995). This drug resistance 

phenotype is often associated with bacterial biofilms. Clearly, these workers have gone 

a long way towards establishing that a mode of life and developmental system long 

associated with bacteria may be a common strategy used by eukaryotic microorganisms 

as well. 

The mechanisms of biofilm resistance to antimicrobial agents are not fully understood, 

although possible mechanisms have been proposed including : (1) restricted penetration 

of drugs through the biofilm matrix; (Arredondo-García et al., 2009) phenotypic 
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changes resulting from a decreased growth rate or nutrient limitation; and (3) 

expression of resistance genes induced by contact with a surface (Mah and O'toole, 

2001, Donlan and Costerton, 2002). Another recent suggestion is that a small number 

of ópersisterôcells are responsible for resistance (Lewis, 2001). Multiple mechanisms 

appear to operate in bacteria, and these vary with the bacteria present in the biofilm and 

the nature of the antimicrobial agent being administered (Mah and O'toole, 2001). 

1.2. Oral Candidiasis 

Candidiasis is the most frequent oral fungal infection. Candidiasis may manifest with a 

combination of a pseudo membranous covering, erythema of the underlying tissues 

along with a burning sensation of the tongue or other intraoral soft tissues. C. albicans 

is a dimorphic fungus occurring in both yeast and hyphal forms; but, only the hyphal 

form is associated with oral candidiasis. It may be a component of the normal oral 

microflora in approximately 30% to 50% of the population and forms part of group of 

saprophytic fungi that causes infections of the oral cavity (Mohammad and Giannini, 

2005). Candida albicans is the most common Candida species residing in the oral 

cavity of humans (Sardi et al., 2013) and accounts for 70% to 80% of oral isolates 

(Vazquez and Sobel, 2002).  

C. albicans is part of the human microbiota, but when the balance between the host and 

the microorganism is changed, Candida becomes an opportunistic pathogen (Tekeli et 

al., 2004) and oral candidiasis is exhibited.  Individuals at risk include those infected 

with the human immunodeficiency virus, those with nutritional deficiencies, 

malignancies, or with metabolic disorders like diabetes mellitus (DM) (Tekeli et al., 

2004). Candida glabrata and Candida tropicalis account for between 5 and  8% of oral 

isolates, respectively (Vazquez and Sobel, 2002).   
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1.2.1. Predisposing factors for oral candidiasis  

Oral candidiasis has several predisposing factors, including systemic diseases that 

affect the immune status of the host, the local oral mucosal environment, and the 

specific strain of C. albicans implicated (Chi et al., 2010).  

The occurrence of these yeasts in the oral cavity does not ordinarily result in disease 

except if there are predisposing factors for the development of candidiasis, such as 

systemic diseases affecting host defences; physiologic conditions like old age, 

pregnancy, dietary factors, infancy, treatment with broad spectrum antibiotics, 

immunosuppressive drugs, and corticoids. Local factors such as wearing dentures are 

other examples of predisposing factors (Budtz Jßrgensen et al., 2000, Maza et al., 2002, 

Ruissen et al., 2002, Torres et al., 2002).  

Persistent oral candidiasis is observed in patients with poorly controlled diabetes 

mellitus, human immunodeficiency virus (HIV) - positive patients, and patients with 

xerostomia.(Cassolato and Turnbull, 2003, Giannini and Shetty, 2011) 

1.2.1.1. Xerostomia (Dry Mouth) 

One of the most common causes of xerostomia, particularly among the elderly 

population, is the use of medications. Medications that are usually linked with 

predisposition to xerostomia include antidepressants, diuretics, and those that possess 

anticholinergic effects. Additional sources of xerostomia include radiation treatment to 

the head and neck region and Sjogrenôs syndrome. A reduction in the salivary flow 

leads to a decrease in the cleansing capability of the saliva, also to a decrease in 

secretory immunoglobulin A levels, establishing an environment that is more 

conducive to the growth of C. albicans (Almståhl et al., 2003). 
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It has been demonstrated that salivary flow can be improved and boosted by exercising 

the masticatory function (Niedermeier et al., 2000). Decreased secretion from the 

salivary glands cause increased incidence in oral conditions such as periodontal 

diseases and Candida infection. Partial relief may be gained by the frequent 

administration of artificial saliva (Chambers, 2007) .However, limited data is currently 

available on the effects of different treatment methods on complete denture wearers in 

xerostomia patients (Aframian et al., 2001). 

1.2.1.2. Administration of therapeutic agents 

The use of broad-spectrum antibiotics that alter the normal microflora is another 

predisposing factor for oral candidiasis. Utilisation of topical corticosteroids (e.g., 

Clobetasol), steroid inhalers, and systemic steroids are regular iatrogenic causes of oral 

candidiasis (Battaglia et al., 2014) . Physical disabilities that impair proper oral hygiene 

or nutrition are other predisposing factors for oral candidiasis (Bianchi et al., 2016) .   

1.2.1.3. Denture Wearers 

Complete denture wearing patients with dry mouth syndrome who experience 

candidiasis may require lengthy antifungal therapy to eradicate the infection. Fungus-

associated denture stomatitis is normally diagnosed by means of clinical findings, and 

often microscopy may be used to confirm the clinical diagnosis by supporting the 

presence of mycelia or pseudo hyphae in a direct smear (Ramage et al., 2004, 

Zomorodian et al., 2011, Iosif et al., 2016, Dordevic et al., 2017). 

About 60% of Candida-associated denture stomatitis are carriers of a prosthesis and C. 

albicans is the major etiologic agent (Hoshing et al., 2011, Salerno et al., 2011), 

although other Candida species from patients with denture stomatitis have been 

reported. Giannini and Shetty (2011) have identified erythematous candidiasis as the 
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most common form of oral candidiasis and grouped it into several different forms 

depending on the cause and site of involvement, for example acute atrophic, chronic 

atrophic, angular cheilitis, median rhomboid glossitis, and chronic multifocal. 

Surface Candida infections linked with implanted devices are much less serious but are 

encountered frequently and can be troublesome. The commonest is probably denture 

stomatitis, which is a Candida infection of the oral mucosa that is promoted by a close- 

fitting upper denture. A biofilm is formed on the surface of the acrylic denture and 

contains large numbers of bacteria, particularly streptococci, in addition to yeasts 

(Pawashe et al., 2017). Silicone rubber voice prostheses which are fitted in 

laryngectomized patients can also become contaminated by polymicrobial biofilms 

containing Candida spp. These devices often fail within months because the biofilm 

causes a malfunction of the valve mechanism (Van Der Mei et al., 2000). Biofilm 

formation is often linked to nosocomial infections, which complicates treatment and 

contributes to unacceptably high mortality rates (Pierce et al., 2015). 

1.2.1.4. Diabetes Mellitus type II 

Diabetes mellitus (DM) is a chronic multi-systemic metabolic disorder characterized 

by hyperglycaemia ensuing from defects in insulin secretion and/or action. The 

incidence of diabetes mellitus is growing increasingly, mostly in people 60 years and 

older and is fast becoming one of the most significant chronic diseases globally with 

the number of people with diabetes estimated to rise from 171 million in 2000 to 366 

million in 2030 (Wild et al., 2004, Chen and Chen, 2012). This increase is due to 

population growth, ageing, urbanization, and the rising incidence of obesity and 

physical inactivity (Wild et al., 2004).  
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Diabetic patients can be groped in two categories according to insulin need: type 1 or 

insulin-dependent diabetes mellitus (IDDM) represents 5% to 10% of the cases and 

mostly starts during childhood or adolescence. It is characterized by total deficiency on 

insulin production by the organism, caused by auto-immune attack to pancreatic beta 

cells. Type 2 diabetes (T2DM) or non-insulin-dependent diabetes mellitus (NIDDM) 

represents 80ï90% of diagnosed cases and mostly affects middle-aged obese people 

(Bakoush and Elgzyri, 2006). This type of diabetes is nearly completely determined by 

genetic factors. Pancreatic beta cells are not destroyed and, hence, insulin is present at 

low levels (Adeghate et al., 2006). 

T2DM is a burden on both patients and society because of the high morbidity and 

mortality associated with infections and renal, retinal, and vascular complications 

(Casqueiro et al., 2012, Elhwuegi et al., 2012). Reports on the prevalence of DM in 

Libyan adult patients placed it at approximately 14.1% in Benghazi, Northeast Libya 

(Kadiki and Roaeid, 2001) and 7.9% in Tajura, Northwest Libya (National Board for 

Scientific Research, 2001) . 

DM patients are more vulnerable to fungal infection, particularly Candida infections of 

the oral cavity (Belazi et al., 2005, Khosravi et al., 2008), due to increased salivary 

glucose in these subjects (Sashikumar and Kannan, 2010), and because of the 

heightened availability of Candida receptors (Brownlee et al., 1988). As a result, buccal 

cells from DM patients have an increased adherence of C. albicans colonization being 

further enhanced by the hyposalivation associated with DM (Kadir et al., 2002). 

It has been established that most diabetic patients show at least one lesion or 

abnormality of the oral mucosa. Abnormalities include lingual varicosity, erythematous 

candidiasis, angular cheilitis, traumatic ulcer, fissured tongue, gingival hyperplasia, 
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mucocele, xerostomia, petechiae, hyperkeratosis and atrophy of lingual papillae, of 

which, the most frequent abnormalities were lingual varicosity and erythematous 

candidiasis (Vasconcelos et al., 2008). 

1.3. Treatment of Candida infections 

Human infections caused by Candida range from relatively trivial conditions such as 

oral and genital thrush to fatal, systemic super-infections in patients who are already 

seriously sick with other illnesses (Mccullough and Savage, 2005). 

In local systemic illnesses the antifungal itself is not effective, and the management 

should be directed to both antifungal use as well as the treatment of underlying diseases 

such as (1) diabetes mellitus, (Arredondo-García et al.) adequacy of dentures,(3) 

deficiency states (e.g., iron, folate or vitamin B12 deficiency) (4) drug history (e.g., 

antimicrobials, corticosteroids); and (5) medical history (e.g., immune deficiency) 

(Mccullough and Savage, 2005). 

The antifungal drug, fluconazole, is broadly used in the treatment of candidiasis, 

cryptococcosis, and coccidioidomycosis. It is a second- line antifungal agent in the 

treatment of histoplasmosis, blastomycosis, and sporotrichosis (Sheehan et al., 1999). 

Its availability in both oral and intravenous formulations; significantly reduced rates of 

hepatic, gastric, and endocrinological toxic reactions; and the ability to penetrate 

cerebrospinal fluid are among its advantages (Como and Dismukes, 1994).  

Fluconazole is active against most Candida spp., including C. neoformans, with an 

intrinsic resistance reported for C. krusei (Dismukes, 2006). The fluconazole 

sensitivities of Candida glabrata strains, on the hand, vary widely. Even though some 

C. glabrata isolates may be dose-dependently susceptible to fluconazole, as many as 

15% of the C. glabrata strains may show true resistance (Pfaller and Diekema, 2004).  
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Resistance to fluconazole has been reported in more than 10% of cases during the late 

stages of AIDS and other immunocompromised conditions including C. albicans (Lee 

et al., 2012). 

Fluconazole and itraconazole have been commonly used to treat superficial fungal 

infections caused by dermatophytes and, unlike the allylamines (such as terbinafine and 

naftifine), have been associated with resistance development (Ghannoum, 2015). 

Side effects and toxic reactions due to fluconazole therapy, such as allergic reactions, 

angioedema (Karkowska-Kuleta et al., 2009), thrombocytopenia (Villanueva et al., 

2002), and alopecia (Pappas et al., 1995, Stevens et al., 1997) have been observed. 

Reversible adrenal insufficiency has been reported in critically sick patients with 

multiple organ failures during high-dose fluconazole therapy (Albert et al., 2001). 

Fluconazole was shown to have a good safety profile and was accepted for the treatment 

of oropharyngeal, esophageal, vaginal, peritoneal, and genito-urinary Candida 

infections, disseminated candidiasis, and cryptococcal meningitis (Mendes et al., 2000). 

Fluconazole's mode of action includes inhibition of the target enzyme sterol 14Ŭ 

demethylase, which is a cytochrome p450 enzyme undertaking 14Ŭ- demethylation 

(Lamb et al., 2000) . Modification in the level of this enzyme is a consequence of 

enhanced transcription and amplification of the ERG11 gene which may result in 

reduced sensitivity of C. albicans to fluconazole (Franz et al., 1998). Reductions in 

intracellular levels of ergosterol (main sterol in fungi) occur, which changes the sterol 

composition ultimately causing growth arrest (Kelly et al., 1997). Growth arrest in the 

cell is associated with the accumulation of 14Ŭ-methyl-ergosta-8, 24(28)-dien-3ɓ, 6Ŭ-

diol in a yeast strain with sterol 14 demethylase disruptions (Kelly et al., 1996, Parker 

et al., 2008, Martel et al., 2010, Hull et al., 2012). It can be concluded that these 
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antifungals are selected as inhibitors of fungal enzymes (Podust et al., 2001) . 

Fluconazole resistance also include the enhanced expression of proteins which cause 

multiple drug resistance. This also causes a significant increase of fluconazole efflux, 

out of the cell (Podust et al., 2001, Basso et al., 2010) .  

Unlike ketoconazole, fluconazole is highly water soluble and can be administrated 

parenterally. In comparison, itraconazole has a broader spectrum that includes activity 

against Aspergillus species and some yeast strains that are intrinsically resistant to 

fluconazole, such as C. krusei and C. glabrata (Dismukes, 2006). Although the finding 

of fluconazole and itraconazole represented a major advancement in the management 

of systemic fungal infections, these triazole antifungal agents have some vital 

limitations including a narrow spectrum of activity, targeting mainly yeast 

(Cryptococcus neoformans, C. albicans) and dimorphic fungi, with no activity against 

molds (Dismukes, 2006).  

1.4. The emergence of antifungal drug resistance 

The use of broad-spectrum antimicrobial drugs has lead or attributed to the growing of 

fungal infections as well as the use of corticosteroids, anti-tumoural agents, and oral 

contraceptives. This is further exacerbated by the emerging resistance in opportunistic 

infection in the increasing number of immunocompromised patients (Bremenkamp et 

al., 2011). For example, lack of regional surveillance of Candida prevalence and 

antifungal drug susceptibility, uncontrolled distribution and sale of medications, lack 

of patient access to medical treatment and limited resources in African laboratory and 

clinical settings have perhaps contributed to the emergence of Candida resistance to 

varies classes of antifungal drugs (Abrantes et al., 2014). However, these factors need 
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to be addressed as part of an effort to reduce the high morbidity and mortality rates seen 

in these populations (Abrantes et al., 2014). 

Despite the introduction of new antifungal agents, antifungal resistance continues to 

grow and evolve and complicate patient management (Pfaller, 2012). The ability of 

Candida species to form drug resistant biofilms is an important factor in their 

contribution to human disease (Sardi et al., 2013). 

Many studies have incessantly reported the increased frequency of non-albicans 

Candida (Villanueva et al., 2002)  species (Pfaller et al., 2001, Hajjeh et al., 2004, Horn 

et al., 2009), considered to be significant pathogens in the oral cavity, genitourinary 

system, and bloodstream. The growing number of NAC species might be related to 

previous exposure to azole and polyene drugs, malignancy disease and indwelling 

medical devices (Krcmery and Barnes, 2002, Pfaller and Diekema, 2010, Miceli et al., 

2011). However, differences in age groups and geographic areas might influence the 

distribution of NAC species (Falagas et al., 2010). For instance, in North America, and 

Central Europe C. glabrata has a high incidence rate. C. tropicalis is commonly isolated 

in South America and Asia. Furthermore, C. glabrata predominates in the elderly (Blot 

et al., 2001), while C. dubliniensis is associated with oral opportunistic infections in 

patients infected with human immunodeficiency virus (Chunchanur et al., 2009). 

1.5. Challenges of antifungal resistance 

The emergence of antimicrobial resistance, which is one of the main reasons for 

antifungal treatment failure, has been observed as a serious clinical problem (Nucci and 

Perfect, 2008). An increase in the frequency of prophylactic treatment of high-risk 

individuals, coupled with extended exposure to the existing antifungals increases the 
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selection pressure and, as a result, drug resistance has become gradually common from 

initially sensitive species (Kontoyiannis and Lewis, 2002, Pfaller, 2012). 

The increase in antimicrobial resistance and the restricted number of antifungal drugs, 

which retain several complications (Sardi et al., 2013), creates a need for alternative 

methods of treating resistant oral infections. 

Significant mortality is relevant with invasive candidiasis (Mcneil et al., 2001, 

Gudlaugsson et al., 2003), and is consequently, a serious danger to public health around 

the world (Eggimann et al., 2003, Hobson, 2003, Pfaller and Diekema, 2007). The 

current shifting of the paradigm of Candida infections further complicates the situation 

and highlights the requirement for novel classes of antimicrobial agents, particularly 

those with new mechanisms of action (Pauw, 2000, Butts and Krysan, 2012). 

1.6. Medicinal Plants and Oral Infections 

Traditional medicinal treatment of various ailments has used medicinal plants as an 

important source of phytochemicals (Cruz et al., 2007, Doss and Anand, 2012, Maobe 

et al., 2013). For many years, different parts of medicinal herbs have been used to treat 

specific ailments in Kenya (Kiringe, 2006).  

Medicinal plants comprise effective sources of antimicrobial and antioxidant natural 

products (Calixto, 2000), and  might assist as a first treatment option (Scorzoni et al., 

2007). In addition, they characterize an economic alternative, are easily available and 

are applicable to several sicknesses (Rojas et al., 2006), thus constituting an excellent 

alternative in the search for compounds or fractions that might be used to discover new 

antimicrobial drugs (Holetz et al., 2002). It is necessary to find new antifungal agents, 

that lead to the disruption of resistant biofilms, by using several molecular mechanisms 

with reduced toxicity (Sardi et al., 2011). 
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Herbal medication is the study of medicines derived from botanical sources materials 

that have least or no manufacturing processing (Tilburt and Kaptchuk, 2008). A 

dissimilarity of antimicrobial activity is due to active compounds of plants (Shai et al., 

2008). Flavonoids alkaloids, tannin, and phenolic compounds, amongst others, are 

supposed to be vital active substances of various plants (Thirumurugan, 2010). 

Medicinal plant extracts have several traditional uses which contain lotion for wounds, 

curing of venereal and skin diseases as well as for relief of inflammation of the eyes 

(Van Wyk et al., 2008). The Khoi-san also chews on this plant to relieve toothache 

(Van Wyk et al., 2008), while the antifungal potential of these flavonoids against 

human pathogens should be considered (Vries et al., 2005). 

1.6.1. Euclea natalensis  

1.6.1.1. Taxonomy, Morphology, and Distribution of Euclea natalensis. 

The angiosperm family, Ebenaceae or ebony family, to which Euclea natalensis 

belongs are woody plants (trees, shrubs, or subshrubs) and mainly found in the tropical 

and subtropical regions of the world where they grow in a variety of vegetation types. 

Even though Asia and the Indo-Pacific regions have the highest concentration of 

species, the African and Madagascan regions display the greatest morphological 

diversity (Wallnöfer, 2004).  

The Ebenaceae is divided into two subfamilies, the Lissocarpoideae and the 

Ebenoideae based on differences in floral morphology, pollen morphology and wood 

anatomy (Duangjai et al., 2006). Euclea with approximately 20 species (of which 16 

occur in southern Africa) is the second largest genus in the family (Table 1.1).  

Euclea natalensis is a bushy tree found in many parts of South Africa, such as 

Clanwilliam in the Western Cape, along the coast between the Eastern Cape and 
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KwaZulu-Natal and in Mpumalanga, Limpopo, Gauteng, and neighbouring countries 

such as Swaziland, Mozambique, Zambia, Zimbabwe and further North, Ethiopia.  

Used for many years by the locals, it goes by many names such as   guarri (Khoisan) 

swartbasboom (Afrikaans) in Kunzane (Zulu).  
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Table 1.1: Taxonomy of Euclea natalensis 

Kingdom Plantae 

Class Magnoliopside 

Order Ericales 

Family Ebenaceae or ebony family 

Genus Euclea 

Synonym(s) Euclea multiflora Hiern, Royena macrophylla 

Derivation of 

specific name: 

natalensis: of Natal, South Africa; acutifolia: with acute (pointed) 

leaves. 

Binomial name Euclea natalensis 

Description Shrub or small tree, 2-7 m, or sometimes a suffrutex, less than 1m tall. 

Bark greyish, rough, and fissured, flaking in thick pieces. Leaves elliptic 

up to 12 × 4 cm, densely hairy below. Flowers in dense, branched axillary 

heads, greenish-white or cream, most parts covered in dense rusty woolly 

hairs. Fruit in clusters, round c. 7 mm in diameter, sometimes rusty hairy, 

red to black. 
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Distribution map of Euclea natalensis 

along South African costal area. 

Figure 1.1: Collection of Euclea natalensis plant material by researcher and Botanist (Prof. 

Christopher Cupido) along South African costal area approximately 25 km east of Clanwilliam 

area. 

Euclea natalensis has many uses including the use of its twigs as toothbrushes, the roots 

and bark are used as remedies for worms, stomach disorders, toothache, headache, chest 

infections, urinary tract infections, venereal diseases, schistosomiasis, dysmenorrhoea, 

and skin infections. It is also used for protective sprinkling to ward off evil.  Its 

application to improve oral hygiene has shown that it is able to suppress the growth of 

both aerobic and anaerobic oral bacteria (Stander and Van Wyk, 1991, Van Wyk and 

Van Wyk, 1997) as well as Candida (More et al., 2008). 

In South Africa, ethnobotanical use of Euclea is extensively popular such as hardening 

the chickensô eggshells by feeding the chickens Euclea pseudebenus fruit (Van Wyk 

and Van Wyk, 1997). E. natalensis roots are used for dyes in basket weaving because 

of the dark brown or black stains produced when pounded and boiled. The source of 

the pigmentation can be linked to the presence of compounds such as 7-methyljuglone 

and diospyrin as well as other quinones (Figure 1.2) (Van Wyk and Gericke, 2000).  
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Traditionally,  the root is chewed for cleaning teeth and the gums with a chew, in the 

belief that it benefits the health of the mouth and teeth (Stander and Van Wyk, 1991). 

The root of E. natalensis contains naphthoquinones which are bactericidal (Stander and 

Van Wyk, 1991). Regular use of  E. natalensis might control the formation and activity 

of dental plaque and therefore reduce the incidence of gingivitis and possibly of dental 

caries due to the inhibitory effect of the ethanol extract of E. natalensis against 

Actiomyces naeslundii, Actimyces israelii, Porphyromonas gingivalis, Prevotella 

intermedia and Streptococcus mutans (More et al., 2008). Its use as an alternative to 

the use of conventional antifungals has not been adequately investigated.   

Among the traditional  other uses of Euclea species are as a treatment for chest illness, 

bronchitis, chronic asthma, pleurisy , venereal diseases, and urinary tract infections 

(Pujol, 1990). Furthermore, Zulu people practice it as a remedy for scrofula a form of 

tuberculosis characterised by glandular swellings. Additionally, the roots are burned 

and the smoke inhaled as a hypnotic (Van Wyk and Van Wyk, 1997, Van Wyk and 

Gericke, 2000). Moreover, extraction of the roots of E. crispa are swallowed orally for 

epilepsy (Van Wyk and Gericke, 2000).  

 

                                                 7-methyljuglone 

                   

 

 

Figure 1.2: Chemical structure of the isolates 7-methyljuglone (7-MJ) and Juglone (5-Hydroxy-1, 4 

naphthoquinone), using (NMR)              
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1.6.2. Salvadora persica (Miswak) 

1.6.2.1. Taxonomy, Morphology, and Distribution of Salvadora Persica 

Salvadora persica (Table 2) is a plant growing in the dry areas from the region of 

Western India to Africa (Ezoddini-Ardakani, 2010). Also called the Arak tree, 

Salvadora persica is an evergreen shrub or small tree that can reach a height of 6-7 m. 

It has an erect trunk with slightly rough bark and a wide crown of profuse, crooked, and 

dropping branches. Saltbush leaves are opposite, oblong-elliptic to almost circular, 3 x 

7 cm, light to dark green, rather fleshy, borne on a 1 cm long petiole. The inflorescence 

is a 10-cm long panicle that bears very small, greenish to yellowish flowers. The fruit 

is pink to scarlet, spherical, fleshy, 5-10 mm in diameter. It contains one seed that turns 

from pink to purple to semi-transparent at maturity (Orwa et al., 2009) chewing stick, 

natural toothbrush and Miswak or Siwaak, S. persica has been reported to avoid dental 

caries if it is used for a long periods (Ezoddini-Ardakani, 2010, Sofrata et al., 2011).  

Additionally, a number of antimicrobial substances have been produced using roots of 

S. persica, with the benzyl isothiocyanate (BITC) being the main antimicrobial 

ingredient with high killing activity against Gram-negative periodontal pathogens 

(Sofrata et al., 2011). Antibacterial effects against S. mutans and S. faecalis have also 

been reported (Almas, 1998).  

Salvadora persica is found in several geographical areas and was used by Arabs 

thousands of years ago to whiten and polish the teeth (Halawany, 2012). Although used 

in pre-Islamic times, as the Islamic culture expanded to different geographical regions, 

so also did the use of Miswak spread (Almas, 2001). Despite the fact that there are more 

than 182 appropriate plants species for use as tooth brushing sticks, its twigs, stems, 
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and roots are still the most widely used for achieving dental health and oral hygiene 

(Elvin-Lewis, 1982, Ezoddini-Ardakani, 2010).  

Al -Bayati and Sulaiman (2008) have revealed in their research that Miswak consists of 

natural chemical compounds or fractions which play a vital part in promoting good oral 

hygiene and more studies should be investigated to evaluate its efficacy in treating oral 

pathogens (Who, 2000, Al-Bayati and Sulaiman, 2008). The following compounds are 

alkaloids (salvadorine), benzyl isothiocyanate (BIT), calcium, chloride, essential oils, 

fluoride, resin, silica, sulphated compounds, tannins, salicylic acid, sterol, 

trimethylamine, saponins and flavonoids (Al -Bayati and Sulaiman, 2008, Poureslami 

et al., 2008). It is cost effective and is easily obtainable in various regions of the world 

(Poureslami et al., 2008).  

The sour taste and chewing effects of Miswak may stimulate saliva secretion in the oral 

cavity, thereby raising its buffering capacity (Hattab, 1997). In vitro trials, (Sofrata et 

al., 2007) have demonstrated that using Miswak extracts as a mouth wash increased 

parotid gland secretion, thereby raising the plaque pH; this effect can possibly protect 

from dental caries by reversing the acid challenge of cariogenic bacteria. In rural areas 

of Zanzibar, the caries prevalence rate was found to be lower where Miswak was 

traditionally and regularly used than in the city areas (Petersen and Mzee, 1998).  

Darmani et al. (2006) have reported in a comparative study of S. persica extracts and 

derum (different type of chewing stick obtained from walnut tree Juglans regia) that 

both were capable of inhibiting the growth of cariogenic bacteria (Darmani et al., 2006), 

probably, due to the fluoride contained in S. persica extracts (Ezoddini-Ardakani, 

2010). However, because of the negligible total soluble content of fluoride in Miswak 
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soaked in water, (0.07 l g / ml) the possible influence of fluoride was unclear (Hattab, 

1997).  

One of the other beneficial components of S. persica that might have positive effects 

on oral health is the availability of sulfur in the S. persica roots, measured to be as high 

as 4.73% (Galletti et al., 1993, Halawany, 2012). Sulfur has a bactericidal activity 

(Alsamh, 1996), while calcium in saliva as a result of the practicing of chewing sticks 

promotes enamel remineralization (Gazi et al., 1992). Resins may form a coating on 

enamel that defends against dental carries (Ababneh, 1995). Salvadorine, an alkaloid 

present in S. persica, may have a bactericidal effect and improve the gingival condition 

(Almas, 1993), while silica acts as an abrasion and was found to remove the 

pigmentations from teeth surfaces (Ababneh, 1995). The astringent effect of tannins 

may help to reduce clinically noted gingivitis by inhibiting the action of glucosyl 

transferase (Gazi et al., 1992).  

Numerous toothpastes containing S. persica  extracts are in the market (Guile et al., 

1996, Almas and Al-Bagieh, 1999), and when compared with Oral-B toothpaste, was 

found to be more potent in cleaning dental plaque (Hattab, 1997). Moreover, the mixed 

impact of mechanical cleaning and enhanced saliva excretion with the regular use of 

Miswak, was found to be more functional than other toothbrushes in removing dental 

plaque (Wu et al., 2001). 
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Table 1.2: Taxonomy of Salvadora persica 

Kingdom Plantae Trees, shrubs or subshrubs 

Division Magnoliphyta 

Class Magnoliopsida 

Order Brassicales 

Family Salvadoraceae 

Genus Salvadora Otholobium 

Synonym(s) Toothbrush tree, mustard tree, arak, Miswak, Swak, Saltbush,  

Species persica oleoides 

Binomial 

name 

Salvadora persica (Khari Jaal) Salvadora oleoides (Meethi 

Jaal)(Khatak et al., 2010) 

 

1.7. Summary and Objectives 

With Candida species showing on increasing prevalence of antifungal resistance, and 

diabetes being a predisposing factor for Candid carriage, primary prevention of T2DM 

and treatment of diabetic complications such as Candida species, are of great practical 

importance.  

A literature search showed that there is an absence of published data regarding the 

prevalence of Candida infection in T2DM in the elderly Libyan population. The Libyan 

population is approximately 5.5 million, with one in five Libyans having DM II. A high 

percentage of risk factors including obesity, family history of diabetes, hypertension 

and microvascular complications necessitates a Libyan national policy for the 

surveillance, prevention and control of diabetes and its complications (Elhwuegi et al., 
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2012). Misrata is a fast-growing city in the north of Libya with a population of just over 

550,000 in 2006 and the third largest city in Libya after Tripoli and Benghazi. 

Since natural compounds such as those contained in S. persica and E. natalensis have 

demonstrated good antibacterial activity, particularly in the oral cavity, the objectives 

of this study were to: 

i. Investigate Candida species prevalence in Libyan T2DM patients. 

ii.  Examine Candida isolates for antifungal susceptibility profiles. 

iii.  Investigate the antifungal activity of S. persica and E. natalensis for use 

against fluconazole resistant Candida species. 
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CHAPTER 2 

ISOLATION  AND CHARACTERISATION  OF CANDIDA 

SPECIES 

2.1. Introduction  

Accurate identification of Candida species frequently associated with infections is of 

paramount significance for increasing the understanding of Candida pathogenicity 

Manfredi et al. (2006). Rapid identification of Candida species can assist suitable 

treatment, to reduce fungal infections often related with patient mortality and morbidity 

(Pincus et al., 2007). Several factors such as immunosuppression, behavioural patterns, 

diet and socio-economic status and distribution of Candida species varies according to 

different geographical regions which could have an effect on their prevalence (Dos 

Santos Abrantes et al., 2014).  

Recently, Candida species are progressively becoming the predominant commensal in 

the oral cavity (Sharma et al., 2017). It could be a constituent of the normal oral 

microflora in approximately 30% to 50% of the population (Giannini and Shetty, 2011). 

Candida albicans is the most frequently isolated of Candida species from the oral 

cavity, although a range of non- albicans Candida species are being increasingly 

observed. The basic management of candidiasis is to classify and eliminate any 

underlying host predisposing factor (Lewis and Williams, 2017). 

With the increasing incidence of Candida infections in African countries, the 

understanding of their pathogenicity as well as the association predisposing factors to 

enhance Candida growth is needed. This chapter describes the prevalence of Candida 
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in T2DM patients in Libya and the importance of species differentiation in treatment 

modalities. 

Material and Methods 

2.1.1. Sample collection 

Three hundred and thirty (330) samples were collected between March 2015 and 

November 2015 from Type 2 Diabetes Mellitus (T2DM) patients at Misrata Diabetes 

Centre which is in the northern central part of Libya. Samples were collected by 

swabbing the patientôs oral mucosa and tongue with a sterile cotton swab.  

This study included: 

i. T2DM positive patients presenting with and without clinical oral thrush 

(white patches in the mouth) were included in this study, as these patients 

had a higher chance of harbouring oral Candida species. 

ii.  35-95 years old 

Excluded from the study were any patients who had undergone antifungal therapy two 

weeks prior to sample collection. 

Prior to sample collection, the reasons for, and nature of the study were explained to 

the patients who willingly consented to participate by signing appropriate consent forms 

(Appendix 1). Data from the patientsô hospital folders were used to establish their 

diagnosis and they were asked to submit some personal information by completing a 

questionnaire which provided data such as gender, age, race, whether or not they wore 

dentures, duration of wearing dentures, smoking, date diagnosed with T2DM, 

antifungal treatment and duration of treatment prior to taking the samples (Appendix 

2). Ethical clearance for this project was granted by the Ethics Committee at University 
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of Western Cape. Authorisation from the Ministry of Health in Libya was obtained for 

sample collection in Misrata city. 

2.1.2. Isolation of Candida species 

Samples were cultured in the Medical Microbiology laboratories at MCH (Misrata 

Central Hospital) onto Sabouraud dextrose agar (Cat. no. BO0408T, Oxoid, UK) and 

incubated at 37ęC for 24 hours. Plates showing no growth were re-incubated for an 

additional 24 hours before being discarded as negative. All isolated Candida strains 

were stored at -80 ǓC in Pro-Lab Microbank microbial preservation vials (Cat. no. 

PL.170/M, Pro-Lab, Canada), and slant agar in 2.5 mL Eppendorf tubes, allowing them 

to be resuscitated as and when needed. Samples were transported from Libya in these 

frozen preservation vials to UWC for characterisation.  

2.1.3. Characterisation of isolates 

Presumptive identification of species was achieved by inoculation onto Fluka and 

Oxoid chromogenic agars (Cat. no. 94382, Sigma-Aldrich, USA and Cat. no. 

CM1002A, Oxoid, UK), Gram staining, and germ tube testing. The identification of the 

isolated species was done via biochemical testing, using API ID 32 C 

(bioMérieux, Marcy l'Etoile, France). Further confirmation of species resistant to 

fluconazole were done by using VITEK 2 compact system YST 07 (bioMérieux, Marcy 

l'Etoile, France). 

2.1.3.1. Candida species identification using chromogenic media 

Presumptive identification of Candida was done on chromogenic agar. Selective agar 

and chromogenic media included Sabouraudôs agar, modified Fluka chromogenic 

Candida identification agar, (Cat. no. 94382, Sigma-Aldrich, USA) with respective 
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selective supplement (Cat. no. 68067, Sigma-Aldrich, USA), Oxoid chromogenic 

Candida agar (Cat. no. CM1002A, Oxoid, UK), with respective selective supplement 

(Cat. no. SR0231E, Oxoid, UK). Type strains of C. albicans (ATCC 90028 and NCPF 

3281), C. tropicalis (ATCC 950), C. dubliniensis (NCPF 3949a), C. glabrata (ATCC 

26512), C. krusei (ATCC 2159), C. parapsilosis (ATCC 22019), C. kefyr (ATCC 4135) 

and C. lusitanae (ATCC 3449) were used as positive controls for the chromogenic 

species differentiation. 

2.1.3.2. Microscopy 

Purity of cultures was confirmed by microscopy of colonies picked from agar plates. 

The Gram stain was used for the staining of Candida isolates prior to light microscopy 

observation. A single colony of each isolate was smeared on a glass slide, heat fixed 

and covered with crystal violet (primary stain, iodine (which acts as a mordant), alcohol 

(used for decolourization) and counterstained with dilute carbol fuchsin. 

2.1.3.3. Germ Tube Test 

Presumptive C. albicans and C. dubliniensis cultures were incubated at 37ęC for 2-3 

hours in fetal bovine serum (Cat. no. A15-101, PAA Laboratories, Austria), for the 

stimulation of germ tube production. Germ tube formation was observed 

microscopically in a wet mount preparation. Type strains of C. albicans (ATCC 90028) 

and C. dubliniensis (NCPF 3949a) were used as positive controls, whereas C. tropicalis 

(ATCC 950) and C. glabrata (ATCC 26512) served as negative controls. 

2.1.3.1. Candida Species Identification using Chromogenic Media 

Presumptive identification of Candida was done on chromogenic agar. Selective agar 

and chromogenic media included Sabouraudôs agar, modified Fluka chromogenic 
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Candida identification agar, (Cat. no. 94382, Sigma-Aldrich, USA) with respective 

selective supplement (Cat. no. 68067, Sigma-Aldrich, USA), Oxoid chromogenic 

Candida agar (Cat. no. CM1002A, Oxoid, UK), with respective selective supplement 

(Cat. no. SR0231E, Oxoid, UK). Type strains of C. albicans (ATCC 90028 and NCPF 

3281), C. tropicalis (ATCC 950), C. dubliniensis (NCPF 3949a), C. glabrata (ATCC 

26512), C. krusei (ATCC 2159), C. parapsilosis (ATCC 22019), C. kefyr (ATCC 4135) 

and C. lusitanae (ATCC 3449) were used as positive controls for the chromogenic 

species differentiation. 

2.1.3.2. API ID 32 C Identification System 

This technique consists of a disposable plastic strip with 32 wells containing substrates 

for 29 assimilation tests (carbohydrates, organic acids, and amino acids), one sensitivity 

test (cycloheximide), one colorimetric test (esculin), and negative control. The yeast 

identification procedures were conducted according to the manufacturerôs instructions. 

A single colony of mature growth (24-48h) sub cultured species was transferred to 

sterile distilled water 10 mL in test tubes to prepare a suspension with a final turbidity 

comparable to McFarland standard 3. A 250 µl of this suspension was then dispensed 

to an ampule of C medium provided by the manufacturer and homogenized to prepare 

an even dispersion of inoculum. After homogenizing, the inoculum suspension was 

used to inoculate the wells in the strip (135 µl x 32 wells), the lid of the strip was 

replaced, and the system was incubated in a shaking incubator (LBOTEC Orbi Shake, 

South Africa) in speed 75 at 29 0C ±2 0C for 24 h for the first reading, followed by a 

second reading at 48 h for confirmation. Turbidity indicated positive growth and the 

clear wells indicated negative growth (Figure 2.1). The results were transformed (+, -) 

into the bioMérieux websites. 
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(https://apiweb.biomerieux.com/servlet/Authenticate?action=preparelogin). 

 

 

 

 

 

 

 

Figure 2.1. Flow diagram demonstrating API ID 32 C processing to identify Candida spp. 
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2.1.3.4. Vitek 2 Compact Identification System 

The Vitek 2 Yeast identification card (Vitek 2® Compact, Marcy l'Etoile, bioMérieux, 

Franc) is projected for use with Vitek 2 compact Systems for the automated 

identification of most clinically significant yeasts and yeast-like organisms. There are 

14 biochemical tests measuring carbon source utilization, nitrogen source utilization, 

and enzymatic activities. Final results are available in roughly 18 hours with YST - 

yeasts and yeast-like organisms. The Vitek 2 YST identification card (bioMerieux, Inc. 

Hazelwood, MO) is a single-use disposable card. 

Nine known Candida type strains C. albicans (ATCC 90028 and NCPF 3281), C. 

tropicalis (ATCC 950), C. dubliniensis (NCPF 3949a), C. glabrata (ATCC 26512), C. 

krusei (ATCC 2159), C. parapsilosis (ATCC 22019), C. kefyr (ATCC 4135) and C. 

lusitanae (ATCC 3449) served as controls for the Vitek 2 compact system.  

2.1.3.5. Phenotype Microarrays 

Biolog, Inc. has developed a new proprietary technology called Phenotype Microarrays 

(PMs). PMs allow biologists, for the first time, to globally analyse the phenotypes of 

cells. The recent PM technology is manufactured for use with fungi cells. PMs are sets 

of 96-well microtiter plates with each well comprising a different cell culture medium 

that is designed to test a unique phenotype or cell function.  

Phenotype Microarrays (Bochner, 1989, Funchain et al., 2000, Oresnik et al., 2000, 

Bochner et al., 2001) measure the carbon (PM1-2), nitrogen (PM3), and 

phosphorus/sulfur (PM4) metabolism of a strain. As the PMs are incubated under 

appropriate conditions, color forms in the wells to reflect the Phenotypes of the strain 

being tested. PM1-2 measures carbon utilization in a fully supplemented medium and 

should not require any supplements to the inoculating fluid other than menadione, 
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thioglycolate or salicylate. PM3-4 measure sulfur, phosphorus, and nitrogen utilization 

in a minimal defined medium. If the cells display an expected phenotype and can grow 

in a well, they respire normally to give a dark purple color. If the phenotype and growth 

are weak, they respire more slowly and give a light purple color. If the phenotype and 

growth are negative, the well will  remain colorless. 

The constituents of the culture media were dried onto the bottom of each well. After 

inoculation, the cells were incubated, usually for 24 to 48 hours. Suspensions were 

prepared to determine the target cell density using turbidity standards available from 

Biolog (e.g. 85%T or 40%T). A 100-mL volume was pipetted per well, and the PM (1, 

2, 3, 4) incubated for 24 hours at the recommended temperature (35-37 0C) in a 

humidified incubator to prevent drying of the outer wells, PM3 and PM4 were 

incubated for 36-48 hr. Reading and scoring the results were according to the formation 

of purple color which indicates utilization of the C, N, P, or S basis in a particular well. 

Any well with more color than the reference well is measured ñpositiveò. Usual 

reactions in PM1-4 for the species listed in are posted on Biolog's website 

(www.biolog.com). Different strains will vary, but the result with non-mutated strains 

should be similar. 

  


















































































































































































































































































































