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Typing Candida Albicans Isolates from Lebanese Hospitals in 

Correlation to: Identification, Epidemiology, Antifungal 

Resistance Profile, and Biofilm Formation. 

 

Ibrahim Emmad Bitar 

Abstract 

Candida species are the most common opportunistic pathogens in debilitated or 

immunocompromised hosts and cause systemic candidiasis, which has high rates of 

morbidity and mortality. Most of these infections are nosocomial and raise the issue of 

hospital hygiene. As such the identification and subtyping of Candida species is 

epidemiologically important for recognizing outbreaks of infection, detecting cross-

transmission, determining the source of the infection, and recognizing particularly 

virulent strains, or detecting the emergence of drug resistant strains. In this study our 

objective is to compare Candida albicans hospital identification rates with conventional 

laboratory employed methods such as API, CHROMagar and germ tube formation and a 

more reliable molecular method such as ITS typing. Furthermore our aim was to assess 

biofilm-forming capacities with drug resistance profiles and correlate them with MLST 

typing of isolates. ITS typing was performed for 75 isolates and the misidentification 

rate for each method is considered significant: 9.3% for API and CHROMagar, and 

17.3% for the hospital. Moreover, antifungal susceptibility testing was performed for 4 

antifungal drugs encompassing different antifungal classes, and antifungal resistance to 

3 and to the 4 drugs was found to occur amongst 25% of isolates tested which was 
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unexpected and raises serious questions concerning the methods of treatment. 

Interestingly some strains with significant biofilm forming capabilities correlated well 

with strains that were multidrug resistant and such strains grouped closely together in a 

neighbor-joining tree generated by MLST typing indicating phylogenetic relatedness or 

strain microevolution or recurrent infection. In conclusion, this pilot study gives insight 

about many aspect of Candida albicans isolates circulating in hospitals, unfortunately 

the small sample size and lack of information about patient history, preclude any firm 

conclusions. 

 

Keywords: Candida albicans, ITS typing, MLST typing, Antidrug resistance, Biofilm 

formation, CHROMagar, Api. 
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CHAPTER ONE 

INTRODUCTION 

 

Candida species are the most common opportunistic pathogens in 

debilitated or immunocompromised hosts and cause systemic candidiasis, which 

has high rates of morbidity and mortality. Over the past two decades, Candida 

species have become the leading pathogens responsible for nosocomial 

bloodstream infections and C. albicans, the pathogen that correspond to more 

than 50% of these infections, is a normal commensal of the human gut microflora 

that can cause invasive superficial and disseminated infections in 

immunologically susceptible hosts (Odds et al., 2006). 

 Most of these infections are nosocomial and raise the issue of their 

prevention. The process of subtyping C. albicans is epidemiologically important 

for recognizing outbreaks of infection, detecting cross-transmission, determining 

the source of the infection, recognizing particularly virulent strains if any, or 

detecting the emergence of drug resistant strains (Garcia-Hermoso et al., 2007)  

Molecular typing methods for Candida species currently used include 

sequence analysis of the internal transcribed spacer region (ITS), and multilocus 

sequence typing (MLST) targeting a consensus sequence that consists of seven 

housekeeping genes. 

 Overall, antifungal drug resistance (ADR) and fungal virulence 

characteristics such as biofilm formation are critical issues for the host-pathogen 
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relationship in candidiasis. However, very little is known about the relationship 

between drug resistance and virulence of C. albicans. (Angiolella et al., 2005). 

 

 

In this study, we aim to collect isolates labeled as C.albicans and 

Candida non-albicans by the hospital and compare the accuracy of hospital 

phenotypic identification to that of molecular typing. As such, 109 samples were 

collected from two major hospitals between June and Octobor 2011. 

Identification methods used were API, germ tube, CHROMagar, and ITS typing. 

Furthermore, antifungal susceptibility testing against 4 antifungal drugs was 

performed, and the isolates were also tested for biofilm formation, followed by 

MLST typing for selected isolates to determine the epidemiological relatedness 

of the strains. 
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 Overview of Candida albicans 

 Candida infections have increased enormously, especially in immuno-

compromised patients (Silveira-Gomes et al. 2011). C. albicans is the leading 

pathogen responsible for most of the Candida infections (Chen et al. 2006). It is 

dimorphic commensal yeast that is part of the normal flora of healthy individuals 

(L’ollivier et al. 2012). It mainly resides in the mucosal surfaces of the oral 

cavities and the gastrointestinal surfaces (Heo et al. 2011). Among the fungal 

pathogens, C. albicans is the most commonly isolated from patients accounting 

for 70-80% of total fungal bloodstream infections (Liguori et al. 2010).  

Having an unknown sexual cycle, and unknown distinguishable character 

in morphology and phenotype, Candida is reported in literature as a “taxonomic 

pit”. C. albicans, the imperfect yeast, in particular, is the leading pathogen in this 

category and thought to be associated with warm-blooded animals only 

(McCullough et al. 1996). It is a polymorphic, diploid pathogen having eight 

chromosomes containing 16-Mb genome (Selmecki et al. 2010). Controversy 

exists whether it is aerobic, anaerobic or facultative anaerobe (Biswas et al. 

2005). 

C. albicans infections, particularly hospital acquired, have two reservoirs, 

the patient normal flora and the environment, that interact together and make it 

hard to block the transmission of the pathogen between patients (Barada et al. 

2008). These infections range from superficial, infecting the skin, mouth, and 

vagina, to systemic infection that is considered a major issue and associated with 

high morbidity and mortality rates especially in immunosuppressed individuals 

(HIV, chemotherapeutic, and organ transplant patients) (Mayer et al. 2013). The 
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virulence of C. albicans can be attributed to several factors such as phenotypic 

switching, transition between hyphae and yeast, and secretion of some proteases 

and phospholipases (L’ollivier et al. 2012). 

Treatment of Candida infections in general and C. albicans in particular, 

is limited as far as classes and number of antifungal drugs available compared to 

antibiotics for example due to the presence of homologue to the targets of the 

antifungal drug in humans.  

Only five major classes of antifungal drugs are currently available 

including the most commonly used azloes, polyenes, fluoropyrimidines and the 

newly generated echinocandins. The latter is used as an alternative for isolates 

showing resistance to the former antifungal drugs (Basma et al. 2008). 

2.2 Occurrence 

It is estimated that 30-70% of healthy individuals carry this pathogen as 

normal flora of the skin, the mucosa of the gastrointestinal tract and the genital 

areas. Weakening of the immune system at any given time would result in a shift 

in the immunity balance, giving the opportunity for the dissemination of Candida 

leading to serious infections (Gow et al. 2011). The infections can be fatal in 

immunosuppressed patients if not identified and treated (Sato et al. 210).  In 

Taiwan, Candida is rated as the primary pathogen accounting for blood stream 

infections since 1993 and is also considered as a major predictor of mortality for 

ICU patients (Lin et al. 2007).  

In the UK, between 1997 and 2002, Candida infections were one of the 

principal pathogens for nosocomial blood stream infections and it was estimated 

that 3/100 000 were candida infected patients with candidaemia with prolonged 

hospitalization period and high mortality rates. The result of a case-control study 

conducted in the USA gave similar results as far as prolonged hospitalization 

period (30 days and above) and the mortality rate with a percentage of 26.4 % 

(Cliff et al. 2008). According to the Centers for Disease Control and Prevention 

(CDC), C. albicans was responsible for 52% and 45% of the candida infections 
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between two different time intervals from 1992 to 1993, and from 1998 till 2000 

respectively (Lyon et al. 2010). 

 

2.3 Pathogenesis of Candida albicans 

Although C. albicans is part of the normal flora of the human mucosal 

tissues, it is also considered an opportunistic pathogen capable of causing disease 

when appropriate conditions are available (Odds et al. 2006). Candida infections 

can be divided into 2 categories: the superficial and the disseminated. The former 

include vaginal and oral thrush and denture sore mouth, while the latter include 

endocardium, central nervous system, bones and joints (Frank Odds. 1987). 

Colonization of C. albicans in the bronchial and tracheal tract has also been 

reported in mechanically ventilated patients (Heo et al. 2011). Candida can be 

associated as well with depression, anxiety, poor bust development, indigestion, 

diarrhea, migraine, and pre-menstrual tension (Frank Odds. 1987).  

Several virulence factors render this microorganism a virulent pathogen. 

One of which is the ability of C. albicans to dimorph between three shapes 

(round budding yeast, stretched ellipsoid cells with constrictions at the septa 

called pseudohyphae, and as parallel-walled true hyphae). Based on this fact, 

germ tube test is the test used in the hospitals to identify C.albicans from other 

Candida species, by testing the ability of the pathogen to switch from yeast cells 

to pseudohyphae or to hyphae in the presence of serum at 37 ˚C .The former is 

used by the organism to divide and increase in number, while the latter state is 

used for dissemination by means of invasive growth that help it leak into deeper 

layers. Several virulence proteins are hyphae specific such as: HWp1 protein 

involved in adhesion, agglutinin-like sequence protein ALs3 also involved in 

adhesion, and secreted aspartic proteases (Sap 4, 5, 6). The second virulent factor 

is not associated with adhesion only but also in invasion. This occurs by one of 

two ways either through inducing endocytosis through cell surface protein, which 

initiates the host cell to engulf the pathogen, or by active penetration using the 
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Sap proteins and secreted aspartic proteases degrade the host cells. The third 

virulence factor is biofilm formation, which occurs on abiotic surfaces such as 

catheters and all other plastic surfaces that might be used in an invasive manner 

in the human body, and on biotic surfaces such as the mucosal surfaces as that of 

the mouth and gastrointestinal tract. This process occurs when a number of yeast 

cells lay on the surface and start proliferating forming multiple layers and 

forming hyphae on the upper most layer which will accumulate extracellular 

matrix and materials and in some cases generate a proper environment to harbor 

bacteria and thus resulting in a co-infection. Biofilm formation was found to lead 

to resistance because of the protective structure that this phenomenon creates and 

because of the increased drug efflux pump in the Candida cells in such 

formations. The fourth virulent factor is the secreted hydrolases. This category 

includes proteases that play a role in hypha formation, phospholipases that 

participate in the disruption of the host membranes, which helps in dissemination 

and invasion, and the third family is the hydrolases that have a role in 

pathogenicity that is not yet fully understood with null mutants for these secreted 

hydrolases showing less virulence than wild type strains. Other virulent factors 

include PH-sensing and regulation, metabolic adaptation, environmental stress 

response, and antifungal drug resistance (Mayer et al. 2013) 

 

2.4 Antifungal susceptibility testing 

The increasing worldwide incidence of candidaemia is the result of  an 

aggressive use of harsh therapy in immunodeficient patients allowing C. albicans 

to shift into a pathogen (Falagas et al. 2010). This led to increase in usage of 

antifungal drugs among which have toxic side effects. There are 5 classes of 

antifungal drugs: azoles, polyenes, allylamine, fluoropyrimidines, and 

echinocandins which are considered new class of drugs used in situations where 

the other antifungal are not sensitive anymore (Basma et al. 2008). 
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In the azole category, the most common is fluconazole, the most 

commonly used antifungal drug worldwide. The broad usages of this drug for 

treating fungal infections lead to the rise of resistant strains (Angiolella et al. 

2008).  This drug is used because of its high oral bioavailability, safety, and its 

efficiency against most yeast pathogens (Basma et al. 2008). In general, the drugs 

of this class inhibit 14α-lanosterol demethylase, an enzyme related to ergosterol 

(major cell wall component) synthesis, lading to the depletion of ergosterol and 

the accumulation of toxic 14-methylated sterols (Francois et al. 2006). 

Fluconazole has a wide range of dosage including the dose-dependent 

susceptibility (S-DD) that is if treated with a higher dosage, the pathogen might 

become sensitive, creating a selective pressure favoring the development of a 

resistant strain to this antifungal drug (Barry and Brown. 1996). Basma et al. 

(2008) states that up to one-third of all AIDS patients harbor azole resistant C. 

albicans isolates. 

In the polyenes category, the most common drug used is amphotericin B. 

This drug has the widest range of activity, but is of limited use because of its 

nephrotoxicity (Basma et al. 2008). The mode of action of the drugs belonging to 

this class is by binding to ergosterol thus increasing the permeability of the cell 

wall (Brajtburg et al. 1990). This drug was considered the “Golden standard” 

drug of choice since 1960s when azoles failed, and was intensively used in 

systemic fungal infections, but the toxicity of this drug and the lack of oral 

formulation in the case of systemic infection made some restrictions on its usage 

especially the toxic side effect part which sometimes require quitting the therapy 

even in cases of life threatening systemic infections (Zhou et al. 2012). 

The third category are the fluoropyrimidines, including 5-fluorocytosine, which 

is the most common drug used in this category. It inhibits thymidylate 

synthetase, leading to impared DNA and RNA synthesis (Vermes et al. 2000). 

Nevertheless, its usage is limited due to its limited spectrum of activity (Basma et 

al. 2008). Despite this fact, it showed superiority in treatment of patients with  

albicans in disseminated infections (Wiederhold et al. 2011). 
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The final class of antifungal drugs is considered the new generation of 

antifungal drugs, the echinocandins. This class of drugs is a cytocidal drug, 

having a mode of action targeting cell wall synthesis, particularly inhibiting the 

synthesis of β-1,3 glucan which is a crucial component of the cell wall and is 

highly immunogenic and as such plays a role in host-pathogen interaction 

(Angiolella et al. 2008). It is considered to be the drug of choice for treating 

disseminated infections since it is relatively safe even in severely ill patients, has 

low drug to drug interaction, favorable pharmacokinetics, and a wide spectrum of 

anti-Candida activity (Arendrup et al. 2012). A recent study showed that this 

class of antifungal drugs work in parallel with the human immune system by 

unmasking the B 1,3 glucans and exposing molecules associated with the 

pathogen to the receptors on the innate immune system cells (Wiederhold et al. 

2011). The major drawback is that the prolonged usage of agents in this new 

class will lead to gradual lose of its activity and the emergence of resistant strains 

(Pfaller et al. 2012). 

2.5 Biofilm formation  

Biofilm formation is considered one of the most important aspects of 

pathogenesis of C. albicans. This phenomenon allows Candida to adhere to 

mucosal cells and to plastic surfaces of medical devices such as catheters and 

dentures leading to device associated infections and eventually spreading 

nosocomial infections. Biofilm forming cells are phenotypically different from 

floating cells in that they are embedded in a three dimensional structure, can 

proliferate in healthy individuals surviving within the immune system of the host 

and having an increased resistance to antifungal drugs. The formation of biofilm 

is introduced through medical devices or denatured mucosal lining. Associated 

symptoms range from non-to severe pain (Nett et al. 2010). The initiation of this 

phenomenon can be summarized in four steps: 1. adherence of the yeast budding 

cells to the surface of  host cells or plastic surfaces, 2. budding of the cells 

yielding more yeast cells and the formation of pseudohyphae inintially and true 
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hyphae later on, 3. production of the matrix in which a set of hyphae and 

pseudohyphae cells are embedded forming a three-dimensional structure that is 

well protected from the immune system and masking most of the targets of the 

antifungal drugs, 4. Spreading of new yeast cells and disseminating these cells to 

new sites (Wang et al. 2010). This phenomenon leads to persistent drug resistant 

infections that make it very hard to treat (Nobile et al. 2012). 

 A recent study done by Zhou et al. (2012), showed that aspirin, one of 

the oldest anti inflammatory drug used, inhibits the maturation of the biofilm by 

inhibiting the formation of the three dimensional structure and decreasing the 

dispersal of the yeast cells dramatically. Implying that combined therapy between 

aspirin and antifungal drug could be used to increase the efficiency of the 

antifungal drugs. 

2.6 Phenotypic Identification of Candida species 

             Phenotypic conventional methods used in the hospitals and labs include 

formation germ tube that is the formation of pseudphyphae in serum, 

chromogenic agar that is formation of colored colonies depending on the species, 

and API kit that is utilizing various compounds depending on the species. 

However, these tests are expensive, and need a lot of time. Furthermore, 

subjectivity involved in such tests makes it unreliable (Garner et al. 2010, Ahmad 

et al 2012). 

 

2.7 Molecular typing of Candida albicans 

As outbreaks of pathogen infections increased worldwide, identification 

of human-isolated yeast species became a must in order to improve the health 

care. Conventional methods are unable to identify unusual yeast species and 

became difficult to use with a good range of errors which may lead to tragic 

consequences (Leaw et al. 2006). For that reason, researchers have significantly 
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studied the genome of C. albicans over the past years to propose a number of 

molecular methods for identification and typing of the isolates at the species 

level. This may serve also as an epidemiological tool to track the origin of the 

outbreaks, identify transmission route and to evaluate the biodiversity of the 

pathogens studied (Bartelli et al. 2013, Chen et al. 2005). These molecular 

methods include, but are not exclusive: Restriction Fragment Length 

Polymorphisms (RELP), Pulsed-Field Gel Electrophoresis (PFGE), Multi-Locus 

Sequence Typing (MLST), and Internal Transcribed Spacer (ITS) sequencing. 

The listed methods helps in identification of isolates to the species level and are 

considered rapid, accurate and reproducible, and can be informative in some 

cases about the virulence characteristics and antidrug resistance profiles (Odds et 

al. 2006). 

2.7.1 ITS typing 

The internal transcribed spacer regions of the rRNA gene operon have 

been widely used in identifying C. albicans isolates. This sequencing method has 

been proven to be accurate and fast for species identification, and should replace 

conventional methods and thus eliminate false positive and false negative results 

(Leaw et al. 2006). Moreover, the ease of availability of the DNA samples,  the 

availability of primers in the market, the presence of tested and optimized 

protocols and the availability of database to help identify the isolate on the 

species level made it the tool of choice for identification of fungal isolates. 

However, some drawbacks are associated with this method including the 

difficulty of comparing sequenced ITS regions of distant related species. This is 

because the flanking region of the ITS is composed of a 5.8S region that is very 

highly preserved across kingdoms, while the ITS1 and ITS2 is variable having 

mutations and substitutions. The second drawback is the very low phylogenic 

resolution that makes it not suitable for species relatedness (Nagy et al. 2012). As 

such, this method is useful in species identification but not strain relatedness. 

2.7.2 MLST 
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MLST is based on the sequencing of 7 housekeeping genes having 

constant and polymorphic regions (Myung et al. 2011). For C. albicans isolates 

the genes are AAT1a, ACC1, ADP1, MPIb, SYA1, VPS13, and ZWF1b (Shin et al. 

2011). MLST has great advantages in characterizing and identifying of pathogens 

from an evolutionary and epidemiological aspects. MLST have been used for 

typing of C. albicans since 2002 by Bougnoux (Odds and Jacobsen. 2008). With 

accessible and ready to use databases, the automated technology of MLST has 

dramatically decreased errors of subjective analysis previously associated with 

conventional methods (Tavanti et al. 2003). Moreover, the databases are 

improving over time due to the uploading of strains typed from all over the world 

and accessibility to any researcher in the field allowing ease of determining strain 

relatedness of isolates from different parts of the world. This aspect can be of a 

great use in studying or for epidemiological analysis (Taylor and Fisher. 2003).  

Following sequencing of the 7 genes and concatenating of the sequences of the 7 

loci into one large sequence, each strain is defined by a diploid sequence type 

(DST). Once submitted to the MLST online database (http://calbicans.mlst.net), 

a search for a matched DST with previously typed strains will take place.  If no 

match is found, the sequence will be assigned a new DST ID (Myoung et al. 

2011).  However, strains having inadequate variations are hard to differentiate. 

These strains may have undergone microevolution, selective sweeps, population 

bottleneck or speciation (Taylor and Fisher. 2003. 

 

 

 

 

 

http://calbicans.mlst.net/
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Clinical isolates  

A total of 109 clinical Candida isolates were kindly provided by two 

major hospitals in Beirut. Samples were collected between June 2010 and 

October 2011. 40 samples (36.7 %) were recovered from urine, 27 samples 

(24.8%) from sputum, 18 samples (16.5%) from tracheal aspirates, 16 samples 

(14.7%) from bronchial lavages, 3 samples (2.8%) from body fluids, 2 samples 

(1.8%) from abscesses, 2 samples (1.8%) from puss swabs, and 1 sample only 

(0.9%) from an abdominal swab. 53.2% (n=58) of the patients were females 

while 46.8% (n=51) were males with a wide age distribution ranging from 2-92 

years old. Samples were classified by both hospitals as either albicans or non-

albicans.  

Germ tube test, ability of the isolates to germinate, was performed for all 

the samples.  Following 3 hours of incubation in serum at 37°C, samples were 

examined under the microscope for their ability to germinate. An isolate is 

designated as C. albicans only if it appeared filamentous upon visualization. The 

samples were streaked on Potato Dextrose Agar (PDA), designated as IB001-

IB109 and stored in cryobank vials at -80 °C until used. See Annex for a 

complete listing of isolates 

  

3.2 Samples identification using color forming Candida Chrom 

agar. 

Clinical isolates were cultured on color forming Candida Chrom agar, the 

CandiSelect 4 (Bio-Rad, USA) and incubated at 28 °C for 24-48 hours according 

to the manufacturer’s instructions. The species of Candida is then identified 

according to the color of the colony (Figure 1).  
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Figure 1: The identification criteria as provided by the manufacturer. 

 

3.3 Samples identification using API 20 C AUX. 

Fresh colonies were collected after culturing on PDA for 48 hours at 28 

°C. The API 20 C AUX (bioMerieux, France) kit was used according to the 

manufacturer’s instructions. Results were collected after 48 and 72 hours 

respectively. Results were analyzed manually following the manufacture’s 

instructions, or using the software (apiweb) provided by the company. 

3.4 DNA extraction 

For DNA extraction, fresh colonies were collected upon culturing the 

samples on PDA for 48 hours at 28 °C. Extraction was performed using the 

Nucleospin
®

 Tissue (Macherey-Nagel, Germany) kit according to the 

manufacturer’s instructions. Lyticase (Sigma, USA) and sorbitol buffer (1.2 M 

sorbitol, 10 mM calcium chloride, 0.1 M Tris/Cl PH of7.5, and 35 mm B-

mercaptoethanol), not provided with the kit, were added in the lysis step to 

weaken the chitin cell wall. The extracted DNA was then stored at -20 °C until 

needed. 
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3.5 Typing of the ITS genes 

3.5.1 Pre-sequencing PCR 

Amplification of the Internal Transcribed spacer regions ITS 1 and ITS 4 

was accomplished by adding 2 μl of the sample DNA lysate, 0.4 μl (20 pmol/ μl) 

of the forward primer ITS 1 (5'- TCC GTA GGT GAA CCT GCG G-3'), 0.4 μl 

(20 pmol/ μl) of the reverse primer ITS 4 (5'- TCC TCC GCT TAT TGA TAT GC -

3'), 9.7 deionized water, and 12.5μl (250 U) of the AmpliTaq Gold PCR Master 

Mix (Applied Biosystems). The PCR thermal cycling conditions consisted of the 

initial denaturation step (12 min at 95 °C), 30 cycles of denaturation (30 s at 95 

°C), annealing (30s at 54 °C), extension (1:40 min at 72 °C), and a single final 

extension (10 min at 72 °C). The samples were then stored at 4 °C. Ethidium 

bromide (6 µl) was then used to stain the amplified DNA fragments to visualize 

it using 1% agarose gel and 1X TAU buffer at 110 V. 

3.5.2 PCR Cleanup 

 0.4 µl of Exonuclease I (Thermo Scientific) and 1 µl of Fast Alakaline 

Phosphatase (Thermo Scientific) were added to 6 µl of the pre-sequencing PCR 

products in order to purify it. The thermal conditions for this step are 37 °C for 

15 min followed by 80 °C for 15 min. The purified products were stored at 4 °C 

until further use. 

3.5.3 Sequencing PCR 

ABI Prism BigDye Terminator v3.0 Ready Reaction Cycle Sequencing 

Kit (Applied Biosystems) was used to sequence the purified PCR products. The 

sequencing reaction was performed by adding 4 μl of 5X-diluted Bigdye
®
 

premix, 3 µl of 1.2 µM sequencing forward/reverse primers, and 3 μl of the 

purified PCR product. With a total volume of 10 μl, PCR cycle was performed, 

consisting of initial denaturation step at 96 ˚C for 1min, 26 cycles of denaturation 

(96 ˚C for 10 s), annealing (50 ˚C for 5 s) and extension (60 ˚C for 4 min). The 

final product was stored at 4 °C until needed. 
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3.5.4 BigDye X-Terminator Purification 

BigDye X-Terminator Purification Kit (Applied BioSystems) was used to 

purify the sequencing products according to the manufacture instructions. Then 

the plate is loaded for sequencing electrophoresis on an ABI 3500 Avant Genetic 

Analyzer (Applied Biosystems).  For sequence analysis, the software: CLC Main 

Workbench 5 (CLC Bio) was used to analyze the sequences.  

3.6 MLST 

MLST was performed by amplification of the 7 house keeping genes as 

described in Shin et.al (2011). These genes are AAT1a, ACC1, ADP1, MPIB, 

SYA1, VPS13, and ZWF1B. The amplification of these genes was carried out with 

a total reaction volume of 25 μl. The reaction consisted of 2 μl DNA template, 

0.4 μl of the forward and the reverse each, 9.7 μl deionized water and 12.5 μl of 

the AmpliTaq Gold PCR Master Mix (Applied Biosystems). The PCR thermal 

cycling conditions consisted of the initial denaturation step (12 min at 95 °C), 30 

cycles of denaturation (30 s at 95 °C), annealing (30s at 54 °C), extension (1:40 

min at 72 °C), and a single final extension (10 min at 72 °C). The samples were 

then stored at 4 °C. Ethidium bromide (6 µl) was then used to stain the amplified 

DNA fragments to visualize it using 1% agarose gel and 1X TAU buffer at 110 

V. MLST sequences were further analyzed by using tools in the website 

(http://www.mlst.net). Table 1 summarizes the genes amplified and the primers 

used. 

 

 

 

 

 

 

http://www.mlst.net/
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Primer Orientation 5’ 3’ oligonucleotide sequence 

AAT1a 
Forward ACTCAAGCTAGATTTTTGGC 

Reverse CAGCAACATGATTAGCCC 

ACC1 
Forward GCAAGAGAAATTTTAATTCAATG 

Reverse TTCATCAACATCATCCAAGTG 

ADP1 
Forward GAGCCAAGTATGAATGATTTG 

Reverse TTGATCAACAAACCCGATAAT 

MPIb 
Forward ACCAGAAATGGCCATTGC 

Reverse GCAGCCATGCATTCAATTAT 

SYA1 
Forward AGAAGAATTGTTGCTGTTACTG 

Reverse GTTACCTTTACCACCAGCTTT 

VPS13 
Forward TCGTTGAGAGATATTCGACTT 

Reverse ACGGATGGATCTCCAGTCC 

ZWF1b 
Forward GTTTCATTTGATCCTGAAGC 

Reverse GCCATTGATAAGTACCTGGAT 

Table 1. Primers used in the MLST for the 7 house keeping genes with their sequences. 

 

3.7 Antifungal Susceptibility Testing 

Eighty four clinical samples were used to determine their antifungal 

susceptibility against 4 antifungal strips including: Azoles (Fluconazole and 

Posaconazole), Echinocandins (Anidulafungin), and polyenes (Amphotericin B). 

The Minimum Inhibitory Concentrations (MICs) were determined using the E-

test strips (biomerieux, France) following CLSI standards except for 

posaconazole and amphotericin B. No definite MIC was provided for 

posaconazole, accordingly MIC was detrmined as that of fluconazole since it 

belongs to the same category, while for amphotericin B the MIC used was  

0.38ug/ml (Basma et al. 2008) . RPMI 1640 (with L-glutamine and no 

bicarbonate) with MOPS and glucose (AB Biodisks) was the media of choice 

when performing the antifungal susceptibility testing. The media was prepared 

according to the manufacture’s instructions. After culturing of the samples in 
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Potato Dextrose Broth (PDB), fungal suspension with 0.5 McFarland turbidity 

(or 10
5 

CFU/ml) was used to streak on the RPMI media. The strips were applied 

on the inoculated plate and incubated at 37 ˚C for 48 hours. ATCC 90028 was 

used as a reference strain in this study. Table 2 summarizes the MICs for each 

antifungal drug used as provided in the kit.  

                

 

Antifungal class 

Antifungal 

MIC μg/ml 
Code 

Interpretive Criteria, MIC ug/ml 

S≤ S-DD I R≥ 

Polyenes 
Amphotericin B 

0.002-32 
AP - - - 0.38 

Echinocandins 
Anidulafungin 

0.002-32 
AND 2 - - - 

 

Azoles 

Fluconazole 

0.016-256 
FL 8 16-32 - 64 

Posaconazole 

0.002-32 
POS 8 - - 64 

Table 2: MIC of the four antifungal drugs with its interpretive criteria. 

 

 

3.8 Biofilm Formation 

Biofilm formation assay was performed on 84 samples. The samples were 

grown overnight in YNB and adjusted to an optical density of 0.65. 0.5 ml of the 

bacterial suspension was added to a flat-bottomed microtiter well (24 well plates, 

pre-treated with 5% serum at 4 °C) and placed in a shaker at 37 °C for 3 hours to 

allow for initial adhesion. Plates were then washed with 0.5 ml PBS buffer and 

another 0.5 ml of the cell suspension was added. Following 48 hours incubation 

at 37 °C, cells were washed with 1ml PBS and fixed using 0.5 ml of 99% 

methanol for 15 minutes. Plates were then allowed to air dry for 20 minutes. 

Staining was performed by adding 0.2 % Crystal Violet another 20 minutes 

followed by 0.75 ml of 33% acetic acid. The absorbance was measured 

immediately using the spectrometer (Thermo Spectronic) at 590nm. (Bahnan et 

al. 2009). 

 



 

18 

 

CHAPTER FOUR 

RESULTS 

4.1 Germ Tube versus API and Chrom agar 

C. albicans is primarily identified in hospitals using germ tube formation. 

Germ tube test was repeated on all 109 samples, and results showed that all 

isolates matched that done in the hospitals. Based on germ tube testing, 80 

samples (73.4%) were hospital identified as C. albicans, 28 samples (25.7%) 

were identified as Candida non albicans, and 1 sample (0.9%) was unidentifiable 

and needed further identification through typing. 

For isolation and differentiation of major clinically significant Candida 

species, Chrom agar and API were used. Results showed that 21 samples (18.2%) 

streaked on Chrom agar showed different identification than that shown using the 

germ tube test. On the other hand, 20 samples (18.3%) of those tested by API 

also didn’t match those of germ tube testing results. While, 7 samples (6.4%) 

didn’t show a match between germ tube testing when compared to the API and 

Chrom agar. Table 3 summarizes the samples misidentified as C.albicnans using 

germ tube testing. Table 4 summarizes the samples misidentified by germ tube 

testing as Candida non albicans. Table 5 summarizes samples that couldn’t be 

compared between the 3 methods. 

Sample ID Germ Tube Testing Chrom Agar API 

IB029 C. albicans C. tropicalis C. tropicalis 

IB030 C. albicans C. tropicalis C. tropicalis 

IB042 C. albicans C .glabrata C .glabrata 

IB070 C .albicans C .glabrata C .glabrata 

IB071 C .albicans C. tropicalis C. tropicalis 

IB078 C .albicans C .glabrata C .glabrata 

IB039 C .albicans Not identifiable C. dubliniensis 

IB043 C .albicans Not identifiable C. dubliniensis 

IB048 C .albicans Not identifiable C. parapsilosis 
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Table 3. Samples misidentified by germ tube testing as C.albicans compared to the Chrom agar and 

API. 

 

Sample ID Germ Tube Testing Chrom Agar API 

IB035 Candida non albicans C. albicans   C. albicans 

IB054 Candida non albicans C. albicans C. albicans 

IB055 Candida non albicans C. albicans C. albicans 

IB067 Candida non albicans C. albicans C. albicans 

IB068 Candida non albicans C. albicans C. albicans 

IB072 Candida non albicans C. albicans C. albicans 

IB083 Candida non albicans C. albicans C. albicans 

IB086 Candida non albicans C. albicans C. albicans 

IB089 Candida non albicans C. albicans C. albicans 

IB060 Candida non albicans C. albicans C. albicans 

Table 4. Samples misidentified by germ tube testing as Candida non albicans compared to API and 

Chrom agar 

 

Sample ID Germ Tube Testing Chrom Agar API 

IB001 Not Identified Not Identified C. sphaerical 

IB050 Candida non albicans C. albicans C. glabrata 

IB052 Candida non albicans C. tropicalis C. famata 

IB080 Candida non albicans Not identifiable C. lusitaniae 

Table 5. Samples that could not be compared due to different identification between the different 

methods used. 

 

4.2 ITS sequencing  

 Seventy-five samples were chosen for ITS sequencing. Results were then 

compared to that of the identification based on germ tube, API, and Chrom agar. 

Out of the 75 samples sequenced, 13 samples (17.3%) were misidentified by the 

germ tube test, and 7 samples (9.3%) were misidentified using both API and 

Chrom agar separately. Table 6 summarizes the comparison between germ tube, 

API, Chrom agar and ITS sequencing. A neighbor-joining tree was built in order 

to compare strain relatedness for epidemiological assessment (Figure 1).  
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Sample ID Germ Tube testing Chrom Agar API ITS 

IB029 C. albicans C. tropicalis C. tropicalis C. tropicalis 

IB030 C. albicans C. tropicalis C. tropicalis C. albicans 

IB001 Not Identified Not Identified C. sphaerical Pichia sp 

IB070 C .albicans C. glabrata C. glabrata C .albicans 

IB071 C. albicans C .tropicalis C. tropicalis C. glabrata 

IB078 C. albicans C. glabrata C. glabrata C. glabrata 

IB080 Candida non albicans Not Identified C. lusitaniae C. tropicalis 

IB028 C. albicans C. albicans C. albicans C. tropicalis 

IB064 C. albicans C. albicans C. albicans C. tropicalis 

IB067 Candida non albicans C. albicans C. albicans C. albicans 

IB068 Candida non albicans C. albicans C. albicans C. albicans 

IB072 Candida non albicans C. albicans C. albicans C. albicans 

IB083 Candida non albicans C. albicans C. albicans C. albicans 

IB086 Candida non albicans C. albicans C. albicans C. albicans 

IB089 Candida non albicans C. albicans C. albicans C. albicans 

IB060 Candida non albicans C. albicans C. albicans C. albicans 

Table 6: comparison between phenotypic identification versus molecular typing. 
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Figure 2: Neighbor-joining tree of the 75 samples typed by ITS. Note numbers represent bootstrap 

values. The non albicans clusters, clustered independently of C.albicans. 
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Figure 3: Neighbor- Joining tree of the 30 ITS typed samples which were additionally identified using 

MLST. Note that resistant isolates are highlighted in yellow and biofilm forming strains are arrow 

pointed. 

 

4.3 MLST 

Out of the 75 ITS typed samples, 30 samples were chosen to be typed 

using MLST. The 30 samples chosen where ITS identified as C. albicans. The 

samples were chosen from each ITS cluster shown in Figure 2 and MLST was 

performed in order to compare between MLST and ITS neighbor-joining trees to 

determine whether ITS typing alone could be used for evolutionary studies. 
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Moreover, the sequences of the 7 housekeeping genes were concatenated into a 

single sequence and aligned against the other samples. The Neighbor-joining tree 

was applied as shown in Figure 3. The 30 MLST typed samples did not have any 

ST representation on the website (http://www.mlst.net). The sequences will be 

submitted to the creator of the online database, and new STs will be assigned. 

Four couple of isolates, IB083 and IB070, IB106 and IB024, IB093 and IB103, 

IB095 and IB002, had a bootstrap value of 100 indicating their close relatedness. 

All other bootstrap values (with 2 exceptions) were above 50 implying a high 

level of confidence in the tree. 

 

Figure 4: Nneighbor-Joining tree of the 30 samples typed by MLST. Note that resistant isolates are 

highlighted in yellow and biofilm forming strains are arrow pointed. 

 

http://www.mlst.net/
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4.4 Antifungal susceptibility testing 

Eight four isolates were tested for antifungal susceptibility against the 

four antifungal drugs using the E-test. Fifty eight isolates (69%) showed 

resistance against fluconazole followed by 54 being (64.2%) resistant against 

posaconazole and 32 (38%) resistant against amphotericin B. Anidulafungin, 

although it is a new antifungal agent, showed resistance in 10 of the isolates. The 

results are summarized in Figure 4. 

Moreover, multidrug resistance was studied with 21 samples out of the 84 

(25%) showing resistance against at least 3 antifungal agents (Figure 5).  

 

 

Figure 5: percentage of resistance against the tested antifungal agents.  

AND: anidulafungin, FL:fluconazole, AP:amphotericin B, and POS:posaconazole. 
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Figure 6: percentage of multidrug resistant isolates.  

AND: anidulafungin, FL:fluconazole, AP:amphotericin B, and POS:posaconazole. 

 

 
Figure 7:E-test results of two samples; sample IB074 (to the left) was resistant to the four antifungal 

agents, while IB012 (to the right) was sensitive to all. 
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4.5 Biofilm formation 

Biofilm formation was conducted on 84 samples that were screened for 

drug susceptibility. SC 5314 was used as reference strain and the results were 

normalized against it. Seventeen samples (20.2%) showed biofilm formation 

above levels of the reference strain. The p value was calculated using the student 

t-list and it was significant (Figure 7).  
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Figure 8.  Biofilm formation compared to SC5314. All strains were normalized the reference strain. 

Note that 20% of isolates has higher biofilm formation than the reference strain. 
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CHAPTER FIVE 

DISCUSSION 

 

Identification of Candida infections at the species level is considered a 

critical step in order to provide the proper antifungal drug to severely ill patients 

who might have a disseminated life threatening infection (Eraso et al. 2006). In 

this study, 109 samples of Candida species were collected from two major 

hospitals in Beirut between June and October 2011. Urine (37%) represented the 

main source of specimen, while the other specimens included sputum and other 

sites. Studies have previously showed that the urinary tract is the main source of 

nosocomial infections and that Candida species is the most species among fungi 

recovered from urine (Mahmoudabadi et al. 2012), our data matches these 

results.  

Hospital identification of Candida species is based on the germ tube test, 

that differentiate between C. albicans and Candida non albicans. The germ tube 

is a rapid and cheap identification test of C. albicans that can be completed in 90-

180 minutes. Germ tube formation is considered a pathogenicity factor in C. 

albicans (Isibor et al. 2005). Germ tube was performed on the 109 samples to 

replicate the results from the hospital. This test is not considered  an accurate test 

since it relies solely on phenotypic changes. Some Candida non albicans species 

share similar feature to that found in C. albicans for example, C. dubliniensis 

share phenotypic characteristics with C. albicans such as the ability to form germ 

tube in serum. This fact contributes to the misidentification incidences reported 

when germ tube is solely considered in hospitals (Ahmad et al. 2012). Moreover, 

C. africana can also produce germ tube in serum and would be misidentified as 

C. albicans (Borman et al. 2013). Due to this fact, a false positive result will have 

serious consequences on the life of patients, and will lead to treatment with 

antifungal drugs that may have no effect on the pathogen since different Candida 

species have different innate primary resistance to antifungal drugs, leading to 
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the hospitalization of the patient for a longer period of time. Yazbek et al (2007) 

reported misidentification rate of 24% by the germ tube testing compared to real-

time PCR for isolates collected from 4 major hospitals in Beirut, almost similar 

to the 17.3% misidentification rates we observed. 

Another conventional method used is Chrom agar. This medium relies on 

the ability of different Candida species to form pigmented colonies due to the 

break down of substrates by enzymes of the fungus resulting in release of color 

(Eraso et al. 2006). It is a selective and differential method for direct 

identification and isolation (Pealler et al. 1996).  Since many clinical isolates are 

mixed cultures, Chrom agar can show and better detect wanted pathogen in such 

mixed cultures (Willinger et al. 2001). In this study, all samples were tested 

against Candida Chrom agar. As such 9 (8.3%) samples were misidentified by 

the hospitals, as C. albicans. Three out of these 9 were identified as C. tropicalis 

and 3 as C. glabrata, a serious emerging azole resisting pathogen, while 3 gave 

white colonies and could not be identified. Twelve isolates were identified by the 

hospital as Candida non albicans, while Chrom agar as C. albicans and 2 isolates 

was unidentified by either technique. These results show that identification by 

these two methods can be contradictory and the lack of reliability implies they 

should not be used as a tool to base identification on. A study in France, stated 

that C. tropicalis is considered the main, but not exclusive, source of false-

positive identifications on chromgenic media (Baumgartner et al. 1996). Another 

study conducted in Spain reported misidentification and presence of both false 

positive and false negative results (Eraso et al. 2006).  

As far as API, 9 (8.3%) of the samples identified by the hospital as C. 

albicans were identified by the API  as 3 C. tropicalis, 3 C. glabrata, 2 C. 

dubliniensis, and 1 C. parapsilosis. While 13 of the samples which were 

identified as Candida non albicans, API  identified 10 of them as C. albicans, 1 

as C. glabrata, 1 as C. famata, and 1 as C. lusitaniae. Moreover, a sample not 

identified by Chrom agar and by the hospital was identified by API as C. 

sphaerical. This method is considered reliable in the sense of sensitivity, but it is 

time consuming since some isolates are slow growers and will need 72 hours for 
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confirmation of the results (Campbell et al. 1999). Studies showed that the 

sensitivity of this method in identifying common yeast isolates was 96.3% with 

66% identification for unconventional yeast isolates. Examples given in the study 

was C. krusei that required additional tests to be identified (Bernal et al. 1998). 

Almost all studies confirmed the need for other identification methods along with 

the API based system to avoid errors and misidentifying isolates (Campbell et al. 

1999). 

In order to evaluate the methods described above, molecular methods 

should be used and for that reason, the study included sequencing of the Internal 

Transcribed Spacer regions (ITS) of 75 isolates to compare the results of the 

sequencing technique with conventional methods. The isolates ambiguous 

identification included some of the samples that showed different results with the 

other methods. To date, the unambiguous identification of Candida species 

include techniques that are PCR based (Ahmad et al. 2012). ITS typing was 

performed and the results were compared to the ones obtained previously results. 

Out of the 75 samples, 7 (9.3%) samples identified by the hospital Candida non 

albicans were identified by the API, Chrom agar as well as by ITS as C. 

albicans. Two samples (2.6%) identified by the hospital, API, and Chrom agar as 

C. albicans were identified by ITS as C. tropicals. Two isolates deemed C. 

albicans by the hospitals were identified as C. tropicalis and the other as C. 

glabrata by the 3 methods. Another 2 samples identified by the hospitals and ITS 

as C. albicans were misidentified by API and Chrom agar as C. glabrata and C. 

tropicalis.  One sample not identified by the hospital nor by chrom agar was 

identified by the API as C. sphaerical and by ITS as Pichia species. Furthermore, 

another sample identified as Candida non albicans by the hospital, not identified 

by Chrom agar, and identified as C. lusitaniae by the the API, was C. tropicalis 

according to ITS sequencing. These results show the lack of accuracy of the 

phenotypic methods. The results showed that the germ tube might give an 

accurate identification while Chrom agar and API would misidentify and vice 

versa. Another example is IB071, it was hospital identified as C. albicans, but 

was identified as C. tropicalis with API and Chrom agar. However, ITS 
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sequencing identified it as C. glabrata. The sequence-based methods have been 

used for identification of Candida species and considered to be accurate and fast 

(Leaw et al. 2006). Moreover, sequence-based identification techniques were 

found to be more efficient than other phenotypic methods, and sequence analysis 

of the ITS region provided a higher percent identification (Garner et al. 2010). A 

study conducted in UK showed that ITS sequencing was able to accurately 

identify isolates such as C. africana that couldn’t be properly identified by 

conventional methods (Borman et al. 2013). 

The sequences were aligned together and a neighbor-joining tree was 

generated to monitor the clusters. The non albicans species aligned together in 

two clusters apart from each other. This indicates the ITS sequencing in some C. 

albicans isolates have higher homology to non Candida isolates than to those 

that belong to the same species. Leaw et al (2006) indicated that sequence 

analysis of the ITS region could not identify phylogenetically related species and 

uncommon yeast. Moreover, typing of this region will tend to differentiate the 

isolates into major subclasses due to conserved sequences (Tavanti et al. 2003). 

For the purpose of determining strain relatedness for epidemiological 

purposes, MLST was performed on 30 samples chosen from each major subclass 

generated by ITS sequencing. This was done to compare both techniques by 

generating a neighbor joining tree of the 30 samples and comparing these two 

trees to determine any resemblance. In contrast to ITS, MLST is based on 

sequence analysis of seven unrelated genes that are not conserved (Tavanti et al. 

2003). A neighbor joining tree was generated for the samples typed and 

compared to that of the ITS. The relatedness of the samples differed in each tree. 

Tavanti et al (2003) showed that MLST could be used for epidemiological 

studies due to its high discriminatory power among closely related species and 

isolates and high reproducibility which other techniques lack. Moreover, the 

studies showed that C. albicans isolates might undergo microevolution, which 

means that the same isolate can undergo a small variation in its genome to adapt 

to some situations such as resistance to antifungal drugs. These small changes in 

the genome would be very difficult to be recognized using typical sequencing 
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techniques. MLST can identify these microevolutionary changes, to elucidate the   

source of the transmission of the isolate and the evolutionary events in outbreaks 

or recurrent infections. MLST could be used for epidemiological studies whereas 

ITS sequencing is accurate for species identification only. The sequences of the 

30 samples typed were submitted to the database to assign the diploid sequence 

type (DST), however, they couldn’t be identified by the database. The sequences 

will be sent to the database creators to assign new DSTs and add these sequences 

to the database. 

Furthermore, the ability of isolates to form biofilm is an important factor 

that contributes to virulence of a pathogen. Eighty four (77%) samples were 

tested for biofilm formation. Seventeen samples (20.2%) showed the ability to 

form biofilm at a higher rate than the reference strain SC 5314. These results 

were correlated to the ITS and MLST neighbor joining trees to determine 

whether these isolates would cluster together. The ITS didn’t cluster the isolates 

because the distribution of the biofilm forming isolates were dispersed all over 

the tree and in almost all of the major clusters, while according to MLST the six 

biofilm forming isolates clustered close to each other. Samples IB069 and IB070 

are located in a sub cluster with significant bootstrap value, while IB109, IB077, 

IB063, and IB074 are located in the same sub-cluster close to one another 

indicating that these samples share homology and sequence similarity. This 

correlation has never been shown before between a virulence trait and MLST 

clustering. As such, this is an interesting finding whereby in theory, virulence 

attributes for uncharacterized isolates could be predicted by MLST clustering. 

Moreover, antifungal susceptibility was performed on the samples that 

were tested for biofilm formation. The obtained results were not expected. Basma 

et al (2008) in a study conducted in Lebanon on antifungal susceptibility of 116 

C. albicans hospital isolates, found that the percentage of fluconazole (FL) 

resistance was 5.17% and 12.06% for IT (Itraconazole), while in this study, the 

percentages were 69% for FL and 64.2% for posaconazole (POS).  The resistance 

for the azole and especially FL has increased enormously perhaps due to 

uncontrolled and over usage. Moreover, the reported resistance for amphotericin 
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B (AP) was 1.7%, while in this study it was 38%, a 22 fold increase in five years. 

These results indicate the rapid increase in the resistance for AP in clinical 

isolates even though usage is limited because of its toxicity. The study done by 

Basma et al. 2008 also determined resistance against caspofungin (CS) which 

belong to most recent antifungal class of drugs, and all of the isolates were 

susceptible against it, while in our study, the resistance to anidulafungin (AND), 

belonging to the same class of antifungals, was 11.9%. This is surprising and 

indicates the increased resistance for this new class of drugs, implying that soon, 

the health care sector will be facing a serious problem in combatting Candida 

infections. Moreover, our study showed that 25% of the samples are resistant to 

three antifungal and above and two of these samples were considered multi-drug 

resistant. The high misidentification rates can explain the high drug resistance, 

since misidentification leads to treatment with the inadequate and inefficient 

antifungal drug. Multidrug resistant strains were also correlated to biofilm 

formation and MLST sequencing. MLST grouped the resistant strains next to 

each other implying high sequence relatedness such as that seen with IB085, 

IB014, and IB105, which are located next to one another, and with IB063, IB018, 

and IB074. Only IB090 was found in another independent cluster. These findings 

show that resistant strains are phylogenetically related. Additionally, antifungal 

susceptibility and biofilm formation were correlated and IB074 and IB063 had 

both of these features. However, these 2 samples are relatively related based on 

MLST with high bootstrap value indicating that these two isolates share 

homology in more than one aspect, implying a possible case of microevolution of 

one strain and dissemination into another patient. 
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CHAPTER SIX 

CONCLUSION 

 

In conclusion, this study, is to our knowledge, the first of its kind in Lebanon and 

the region, which employed ITS, MLST, Biofilm, API, and antibiotic 

susceptibility. The study has shown that: 

1. Hospitals have fairly high rates of misidentifications. 

2. ITS typing is good for species identification but not to 

strain relatedness and epidemiology. 

3. Drug resistance is increasing dramatically. 

4. Drug resistant strains cluster together in MLST and 

some strains are both drug resistant and strong biofilm 

formers. 

 

 The drawbacks of this study included the small number of samples and the 

inability to have access to the clinical history of patients, which hindered our 

proper interpretation of the results. Future work includes the addition of more 

samples and a new typing method will be implemented, namely Pulsed-Field Gel 

Electrophoresis (PFGE), to compare the genetic relatedness in an 

epidemiological frame. Furthermore, isolates which showed multi drug resistance 

and high rate of biofilm formation will be studied using MALDI to determine 

proteins that are highly up-regulated in stress situations and eventually 

determining the genes responsible for these virulent features. 
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ANNEX 

List of all samples’ identification using the four methods along with their antifungal resistance 

profile and biofilm formation. 

Sample  

ID 

S

e

x 

Age Specimen Germ tube 

identification 

G

e

r

m

 

t

u

b

e 

CROM 

agar 

 

Api 

 

ITS Anti 

Fungal 

Resistance 

Biofilm 

IB001 F 73 Sputum typing needed - C.krusei C.sphaerical Pichia sp AP, POS - 

IB002 M 27 Aspirate, 

Tracheal 

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

IB003 F 63 Bronchial 

Lavage 

C.albicans + C.albicans C.albicans C.albicans AP, POS - 

IB004 M 54 Fluid, 

body 

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

IB005 F 56 Sputum C.albicans + C.albicans C.albicans C.albicans POS, FL - 

IB006 M 38 Sputum C.albicans + C.albicans C.albicans C.albicans POS, AP - 

IB007 M 41 Fluid, 

body 

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

IB008 M 66 Urine C.albicans + C.albicans C.albicans C.albicans POS, FL - 

IB009 M 85 Sputum C.albicans + C.albicans C.albicans C.albicans AP - 

IB010 F 92 Sputum C.albicans + C.albicans C.albicans C.albicans AP - 

IB011 M 72 Sputum C.albicans + C.albicans C.albicans C.albicans - - 

IB012 F 69 Sputum C.albicans + C.albicans C.albicans C.albicans POS - 

IB013 M 55 Urine C.albicans + C.albicans C.albicans C.albicans - - 

IB014 F 48 Urine C.albicans + C.albicans C.albicans C.albicans AND, 

POS, FL, 

AP 

- 

IB015 F 68 Urine C.albicans + C.albicans C.albicans C.albicans POS, FL - 
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IB016 F 62 Sputum C.albicans + C.albicans C.albicans C.glabrata AND, 

POS, FL, 

- 

IB017 F 62 Sputum C.albicans + C.albicans C.albicans C.albicans AND, 

POS, FL 

- 

IB018 M 59 Aspirate, 

Tracheal 

C.albicans + C.albicans C.albicans C.albicans AND, 

POS, FL 

- 

IB019 M 43 Aspirate, 

Tracheal 

not albicans - C.glabrata C.glabrata C.albicans POS, FL - 

IB020 M 59 Sputum C.albicans + C.albicans C.albicans C.albicnas AND, 

POS, FL 

- 

IB021 f 85 Sputum C.albicans + C.albicans C.albicans C.albicans POS, FL - 

IB022 F 80 Aspirate, 

Tracheal 

C.albicans + C.albicans C.albicans C.albicans POS, FL - 

IB023 F 62 Sputum C.albicans + C.albicans C.albicans C.albicans POS, FL - 

IB024 F 59 Bronchial 

Lavage 

C.albicans + C.albicans C.albicans C.albicans POS, FL - 

IB025 M 58 Fluid, 

body 

C.albicans + C.albicans C.albicans C.albicnas POS, FL - 

IB026 F 91 Urine not albicans - C.glabrata C.glabrata C.albicnas POS, FL - 

IB027 M 75 Bronchial 

Lavage 

C.albicans + C.albicans C.albicans C.albicnas POS, FL - 

IB028 M 62 Aspirate, 

Tracheal 

C.albicans + C.albicans C.albicans C.tropicali

s 

POS, FL - 

IB029 F 34 Urine C.albicans + C.tropicali

s 

C.tropicalis C.tropicali

s 

AP - 

IB030 F 54 Urine C.albicans + C.tropicali

s 

C.tropicalis C.albicnas POS, FL - 

IB031 M 85 Sputum C.albicans + C.albicans C.albicans C.albicnas POS, FL - 

IB032 M 78 Urine C.albicans + C.albicans C.albicans C.albicans AND, 

POS, FL 

- 

IB033 F 72 Urine C.albicans + C.albicans C.albicans    

IB034 M 84 Aspirate, 

Tracheal 

C.albicans + C.albicans C.albicans    

IB035 F 80 Sputum not albicans, - C.albicans C.albicans    

IB036 M 77 Aspirate, 

Tracheal 

C.albicans + C.albicans C.albicans    

IB037 M 84 Bronchial C.albicans + C.albicans C.albicans    
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Washing 

IB038 F 55 Aspirate, 

Tracheal 

C.albicans + C.albicans C.albicans    

IB039 M 56 Aspirate, 

Tracheal 

C.albicans + white color C.dubliniensi

s 

   

IB040 F 55 Urine C.albicans + C.albicans C.albicans    

IB041 F 68 Bronchial 

Lavage 

C.albicans + C.albicans C.albicans    

IB042 F 60 Bronchial 

Lavage 

C.albicans + C.glabrata C.glabrata    

IB043 F 69 Sputum C.albicans + white color C.dubliniensi

s 

   

IB044 M 30 Bronchial 

Washing 

C.albicans + C.albicans C.albicans    

IB045 M 30 Bronchial 

Washing 

C.albicans + C.albicans C.albicans    

IB046 M 85 Urine C.albicans + C.albicans C.albicans    

IB047 F 60 Urine C.albicans + C.albicans C.albicans    

IB048 M 74 Urine C.albicans + unidentifie

d 

C.parapsilosi

s 

   

IB049 M 85 Urine C.albicans + C.albicans C.albicans    

IB050 F 61 Urine not albicans, - C.albicans C.glabrata    

IB051 F 72 Urine C.albicans + C.albicans C.albicans    

IB052 M 46 Urine not albicans - C.tropicali

s 

C.famata    

IB053 M 42 Urine not albicans - C.glabrata C.glabrata    

IB054 M 73 Aspirate, 

Tracheal 

not albicans - C.albicans C.albicans    

IB055 M 42 Aspirate, 

Tracheal 

not albicans - C.albicans C.albicans    

IB056 F 72 Sputum C.albicans + C.albicans C.albicans    

IB057 M 67 Sputum C.albicans + C.albicans C.albicans    

IB058 F 89 Urine C.albicans + C.albicans C.albicans C.albicnas - - 

IB059 F 65 Urine C.albicans + C.albicans C.albicans C.albicnas POS, FL, 

AP 

- 

IB060 F 69 Urine not albicans - C.albicnas C.albicnas C.albicans FL, AP - 
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IB061 F 81 Urine C.albicans + C.albicans C.albicans C.albicans POS, FL, - 

IB062 F 86 Urine C.albicans + C.albicans C.albicans C.albicnas POS, FL - 

IB063 F 60 Urine not albicans - C.tropicali

s 

C.tropicalis C.albicnas POS, FL, 

AP 

+ 

IB064 M 83 Urine C.albicans + C.albicans C.albicans C.tropicali

s 

POS, FL + 

IB065 F 32 Urine C.albicans + C.albicans C.albicans C.albicnas - - 

IB066 M 83 Urine C.albicans + C.albicans C.albicans C.albicans FL, AP + 

IB067 F 86 Urine not albicans - C.albicans C.albicans C.albicans POS, FL + 

IB068 F 52 Urine not albicans - C.albicnas C.albicnas C.albicans AP + 

IB069 F 59 Sputum C.albicans + C.albicans C.albicans C.albicnas POS, FL + 

IB070 M 45 Abscess not albicans - C.glabrata C.glabrata C.albicnas POS, FL - 

IB071 F 69 Swab , Pus not albicans - C.tropicali

s 

C.tropicalis C.glabrata POS, FL, 

AP 

+ 

IB072 M 57 Sputum not albicans - C.albicans C.albicans C.albicans POS, FL - 

IB073 M 44 Sputum not albicans - C.glabrata C.glabrata C.glabrata POS, FL + 

IB074 F 61 Aspirate, 

Tracheal 

C.albicans + C.albicans C.albicans C.albicans AND, 

POS, FL, 

AP 

+ 

IB075 M 71 Aspirate, 

Tracheal 

C.albicans + C.albicans C.albicans C.albicans AND, 

POS, FL 

+ 

IB076 M 71 Aspirate, 

Tracheal 

C.albicans + C.albicans C.albicans C.albicans POS, FL + 

IB077 M 63 Aspirate, 

Tracheal 

not albicans - C.albians C.albicans C.albicans - - 

IB078 M 67 Sputum C.albicans + C.glabrata C.glabrata C.glabrata POS, AP + 

IB079 F 35 Sputum C.albicans + C.albicans C.albicans C.albicans - - 

IB080 F 91 Sputum not albicans - unidentifie

d 

C.lusitaniae C.tropicali

s 

FL, AP - 

IB081 F 87 Aspirate, 

Tracheal 

not albicans - C.glabrata C.glabrata C.glabrata AP - 

IB082 F 55 Urine C.albicans + C.albicans C.albicans C.albicans - - 

IB083 F 81 Urine not albicans - C.albicans C.albicnas C.albicans POS, FL - 
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IB084 F 55 Urine C.albicans + C.albicans C.albicans C.albicans - - 

IB085 F 86 Urine C.albicans + C.albicans C.albicans C.albicnas POS, FL, 

AP 

- 

IB086 M 2 Urine not albicans - C.albicans C.albicans C.albicans FL, AP - 

IB087 F 68 Urine not albicans - C.tropicali

s 

C.tropicalis C.tropicali

s 

FL, AP + 

IB088 F 91 Urine not albicans - C.glabrata C.glabrata C.glabrata POS, FL, 

AP 

- 

IB089 M 2 Urine C.albicans + C.albicans C.albicans C.albicans FL - 

IB090 M 79 Bronchial 

Lavage 

C.albicans + C.albicans C.albicans C.albicans POS, FL, 

AP 

- 

IB091 F 69 Bronchial 

Washing 

not albicans - C.glabrata C.glabrata C.glabrata POS, FL, 

AP 

- 

IB092 F 68 Sputum C.albicans + C.albicans C.albicans C.albicans POS, FL, 

AP 

- 

IB093 M 74 Sputum C.albicans + C.albicans C.albicans C.albicans AP - 

IB094 M 72 Sputum C.albicans + C.albicans C.albicans C.albicans FL, AP - 

IB095 F 61 Swab , Pus C.albicans + C.albicans C.albicans C.albicans FL, AP - 

IB096 M 45 Abscess not albicans - C.glabrata C.glabrata C.glabrata POS, FL, 

AP 

- 

IB097 M 45 Swab, 

abdominal 

not albicans - C.glabrata C.glabrata C.albicnas POS, FL, 

AP 

- 

IB098 M 55 Sputum C.albicans + C.albicans C.albicans C.albicans FL, AP  

IB099 F 68 Bronchial 

Lavage 

C.albicans + C.albicans C.albicans C.albicnas AP - 

IB100 F 77 Bronchial 

Lavage 

not albicans - C.glabrata C.glabrata C.glabrata POS, FL, 

AP 

+ 

IB101 M 71 Bronchial 

lavage 

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

IB102 M 71 Aspirate, 

tracheal 

C.albicans + C.albicnas C.albicnas C.albicans AND, 

POS, FL 

+ 

IB103 F 35 Bronchial 

washing 

C.albicans + C.albicnas C.albicnas C.albicans POS, FL - 

IB104 F 86 Urine C.albicans + C.albicnas C.albicnas C.albicans POS, FL + 
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IB105 F 88 Urine C.albicans + C.albicnas C.albicnas C.albicans AND, 

POS, FL 

- 

IB106 F 68 Bronchial 

lavage 

C.albicans + C.albicnas C.albicnas C.albicans POS, FL - 

IB107 M 71 Bronchial 

lavage 

C.albicans + C.albicnas C.albicnas C.albicnas POS, FL - 

IB108 M 70 Bronchial 

lavage 

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

IB109 F 89 Urine C.albicans + C.albicnas C.albicnas C.albicans - + 

 




