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Summary

Candida dubliniensis is a newly described Candida  species originally associated with 

oral colonisation and candidosis in Human Imm unodeficiency Virus (H lV )-infected, and 

acquired im munodeficiency syndrome (AIDS) patients. More recently, C. dubliniensis has 

been isolated from cases o f infection in other groups o f immunocompromised individuals and 

in patients w ith severe underlying diseases. H owever, the close genotypic relationship 

between C. dubliniensis and C. albicans results in their sharing a broad range o f phenotypic 

characteristics which ham pers the accurate and rapid differentiation o f  the two species. 

Therefore, the phenotypic methods currently available for the identification o f C. dubliniensis 

all have disadvantages in that they are time consuming, expensive or in some cases, unreliable.

The first part o f  the present study investigated the usefulness o f a variety o f culture 

media including; Staib, caffeic acid-ferric citrate (CAF), Pal’s, tobacco and casein agar media 

to effectively differentiate between isolates o f  C. dubliniensis and C. albicans based on colony 

morphology and/or chlamydospore production. The results showed that all C. albicans tested, 

apart from nine isolates (7.5%) grown on casein agar, did not produce chlamydospores when 

cultured on the different media. In contrast, 111/ 130 (85.4%) 109/130 (83.8%) 52/53 (98%) 

and 106/ 109 (97.2%) o f  the C. dubliniensis isolates tested produced chlamydospores on Staib, 

CAF, tobacco and casein agars, respectively. When colony morphology was examined it was 

found that all o f the 166 C. albicans isolates grew as smooth, shiny colonies on Staib agar

after 48-72 h incubation at 30 C while 127/ 130(97.7%) o f  the C. dubliniensis isolates grew as 

rough colonies, many (65%) with a hyphal fringe. In contrast, 145/166 (87.4%) o f  the C. 

albicans and 122/130 (93.8%) o f the C. dubliniensis isolates yielded rough colonies on CAF. 

On tobacco agar, 51/53 (96.2%>) yielded rough, yellowish-brown colonies with a hyphal fringe 

around the colonies after 48 to 72 h. In contrast, 31/35 (88.5%) C. albicans isolates yielded 

smooth, w hite-cream y colonies w ith no hyphal fringe after 48 to 72 h. However, it was 

dem onstrated that the production o f  a hyphal fringe around colonies grown on Pal’s agar 

(sunflow er seed agar) at 30°C for 48 to 72 h provides a simple means o f discrim inating 

betw een isolates o f  C. dub lin iensis  and C. albicans w ith  100% accuracy. O f 128 C. 

dubliniensis isolates tested on this medium, all produced a hyphal fringe. In contrast, none o f 

the 124 C. albicans isolates tested produced a hyphal fringe. Pal’s medium has the added



advantage o f being simple, readily applicable to the high-volum e throughput o f  isolates in 

many routine diagnostic laboratories and is prepared from inexpensive, readily available 

seeds.

DNA fingerprinting o f C. dubliniensis isolates using the species-specific probe Cd25 

previously showed that this species consists o f two distinct groups termed Cd25-group I and 

Cd25-group II. The present study investigated the population structure o f 30 C  dubliniensis 

oral isolates from Saudi Arabia and Egypt using Cd25-fingerprinting and rDNA gene internal 

transcribed spacer region-based genotyping. Cd25 fingerprinting analysis o f these isolates 

revealed two distinct populations, the first o f which consisted o f 10 closely related genotype 1 

isolates (average similarity coefficient ( S a b )  value 0.86). The second population o f 20 isolates 

was m uch m ore heterogenous (average S ab  value 0.35) and consisted o f  two distinct 

subpopulations, one o f which consisted o f genotype 3 (n=13) and the other genotype 4 isolates 

(n=7). A mixed dendrogram generated from the fingerprint data from the 30 Saudi Arabian 

and Egyptian isolates, 5 Israeli isolates and 51 previously characterised international isolates 

(32 Cd25-group I and 19 Cd25-group II) revealed the presence o f three distinct main clades. 

The first corresponded to the previously described Cd25-group I and contained all the Saudi 

Arabian, Egyptian and Israeli genotype 1 isolates mixed with international isolates. The 

second clade corresponded to the previously described Cd25-group II and contained three 

Israeli isolates, one genotype 2, one genotype 3 and a genotype 4 variant isolate, mixed with 

international isolates. The third clade has not been described before and consisted solely o f the 

20 Saudi A rabian and Egyptian genotype 3 and 4 isolates identified in this study and a 

previously described genotype 4 Israeli isolate. All Saudi Arabian and Egyptian 20 Cd25- 

group III isolates exhibited high-level resistance to 5-flucytosine (5-FC) (MIC > 128 fig/ml), 

whereas all Cd25 group I and Cd25-group II isolates tested (10 Saudi Arabian and Egyptian, 

16 Israeli and 24 international) were susceptible to 5-FC (MIC <0.125 |ag/ml).

In addition, to investigate the molecular mechanisms o f primary resistance to 5-FC, the 

complete ORFs o f the C. dubliniensis FUR] and FC Yl genes together with flanking sequences 

were amplified by PCR with primers specific for the C. dubliniensis-FU Rl and F C Y l genes. 

Amplimers o f both genes were obtained and sequenced from the three 5-FC-resistant Saudi 

Arabian isolates SAIOO, SA107 (both genotype 3) and SA l 13 (genotype 4), from three 5-FC- 

susceptible Saudi Arabian isolates SA lO l, SA102 and SA105 (all genotype 1) and from the 5- 

FC-resistant Egyptian isolate Eg200 (genotype 4). These sequences were compared with the



corresponding sequences obtained from selected 5-FC-susceptible reference isolates from the 

Gee et al. study (2002), including CD36 and CM6 (genotype 1), CD506, Can 6 and CD541 

(genotype 2), CDS 19 and p6265 (genotype 3) and p7718 (genotype 4). The results showed that 

the sequences o f  the F C Y l  gene and flanking sequences from all o f the 5-FC-susceptible 

reference isolates tested and the 5-FC-susceptible Saudi Arabian genotype 1 isolates SA102 

and SA105 were identical to the FC Yl consensus sequence o f the C. dubliniensis type strain 

CD36 obtained from the C. dubliniensis genome sequence database. The 5-FC-resistant Saudi 

Arabian isolates SAIOO, SA107 and SA113 and the 5-FC-resistant Egyptian isolate Eg200 

each contained a single identical nucleotide polym orphism from (transition from A to T) at 

position 258 in the F C Y l gene sequence that did not result in an amino acid residue change in 

the predicted protein. Comparison o f the nucleotide sequences o f the F U R l gene from the 5- 

FC-susceptible reference isolates and the 5-FC-susceptible and 5-FC-resistant Saudi Arabian 

and Egyptian isolates revealed the presence o f several single nucleotide polymorphisms, none 

o f  w hich resulted  in changes in am ino acids in the predicted  protein. These results 

dem onstrated that polymorphisms in the FC Yl and F U R l genes could not be associated with 

5-FC resistance in the C. dubliniensis isolates tested.

In conclusion, the results o f the present study report for the first time the presence o f a 

novel 5-flucytosine-resistant clade o f C. dubliniensis (Cd25 group III) that is predom inant 

among isolates from  Saudi Arabia and Egypt and absent from a previously characterised 

international collection o f  98 isolates from 15 countries. Consequently, this study has helped 

to develop a more extensive understanding o f  the com plexity and genetic diversity o f C. 

dubliniensis. Furtherm ore, based on the comparative colony morphology and chlamydospore 

production o f  C. dubliniensis  and C. a lb ica n s  isolates on Pal's agar, it was shown that 

differential grow th on Pal's agar is a 100% accurate, simple, inexpensive, rapid, easily 

applicable test that allows to distinguish C. dubliniensis isolates from C. albicans isolates.
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Chapter 1 
General Introduction



1.1 Candida species and candidosis

Since the 1980s there has been a significant increase in the incidence o f fungal 

infections o f hum ans. Fungal species are now responsible for -1 0 %  o f all nosocomial 

bloodstream infections in the United States (Fridkin & Jarvis, 1996). More than 75%> o f 

these infections are caused by C andida  species w hich now represent the fourth most 

common cause o f  bloodstream infections (Beck-Sague & Jarvis, 1993; Jarvis et al., 1995). 

A lthough C an d id a  species norm ally colonise m ucosal surfaces or skin as harm less 

commensals, they are provided with opportunities to cause infection by changes in the host 

immune system or by disturbance o f the oral commensal microflora. They remain one o f 

the most common and versatile human fungal pathogens.

Candida  species can cause superficial infections such as oropharyngeal and vaginal 

candidiasis as well as nosocomially acquired dissem inated candidosis or candidaem ia, 

during which multiple organs can be infected. Candidaemia frequently results in prolonged 

hospitalisation and has an attributable mortality estimated to be as high as 38% (Wey et al., 

1988). In one study based on hospital discharge data from the United States, the incidence 

o f oropharyngeal candidosis was seen to increase by 4.7-fold, while the incidence o f 

disseminated candidosis increased by a factor o f 11 (Fisher-Hoch & Hutwagner, 1995). 

Oropharyngeal candidosis is the most common mycosis in AIDS patients and is often the 

first clinical manifestation o f HIV infection (Ruhnke et al., 2002). Indeed, more than 90% 

o f individuals with progressive HIV disease develop oropharyngeal candidosis at some 

time during the course o f  their disease (Garber et al., 2001). Vaginal carriage o f Candida 

species and other yeasts is reported to range from 10 to 20% in healthy women (Ruhnke et 

al., 2002). A lthough vulvovaginal candidosis is more common in HIV-infected women, it 

is estimated that as many as 75% o f women, regardless o f their HIV status, will experience 

at least one episode o f the disease during their life time (Ruhnke el al., 2002).

The increased significance o f fungi is related to a variety o f predisposing factors such 

as the increase in the number o f immunocompromised individuals, especially those infected 

with HIV, and those receiving cancer chemotherapy and im munosuppressive treatments. 

The use o f invasive medical procedures, prosthetic devices including dentures, indwelling 

venous lines and the widespread use o f broad-spectrum antibiotics and corticosteroids have 

also added to the problem.
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Candida albicans is the species o f Candida  most frequently associated with disease, 

and the most pathogenic Candida species (Coleman et a l ,  1997a). However, in recent years 

there has been a significant shift in the Candida species identified as the aetiological agents 

o f  candidiasis (M oran et al., 1998; Sullivan et al., 2004). The incidence o f  infections 

caused by non-C. albicans Candida  species such as Candida tropicalis, Candida krusei, 

and Candida glabrata  has increased dramatically during the last decade (Coleman et al., 

1997a & b; Sullivan et al., 2004). In a recent surveillance study o f candidemia based on the 

general population, it was found that non-C. albicans Candida species were responsible for 

55% o f all bloodstream infections compared to 45% caused by C. albicans (Hajjeh et al., 

2004). The reason(s) behind this epidemiological shift are not clear. However, evidence is 

accum ulating that the w idespread therapeutic and prophylactic use o f  antifungal 

medications may have been a significant factor in the selection o f these organisms as they 

can exhibit reduced susceptibility to com monly used antifungal drugs relative to C. 

albicans (Coleman et al., 1997; Ponton et a l,  2000). It is generally accepted that C. krusei 

is inherently resistant to fluconazole (Rex et ah, 1995 & 1997; White et al. 1998). Also, 

several studies have reported that a significant proportion o f  C. glabrata  isolates are 

resistant to fluconazole and itraconazole (Fidel et al., 1999). Resistance to azole drugs has 

also been described in other non-C. albicans Candida  species, including isolates o f  C. 

dubliniensis, C. tropicalis and C, guilliermondii, which are frequently recovered from HIV- 

infected patients following protracted azole therapy. In addition, the increased longevity o f 

severely immunocompromised individuals has resulted in a larger population o f extremely 

debilitated patients, allowing many o f these species to cause disease.

1.2 Characterisation of C. dubliniensis

1.2.1 Emergence of C. dubliniensis

The identification and classification o f  fungal species has depended to a large extent 

on the analysis o f a limited number o f physiological and morphological traits, particularly 

those structures involved in sexual reproduction. The vast majority o f species contained 

within the genus Candida are asexual and o f simple morphology and subsequently Candida 

taxonom y is inherently problem atic (Odds, 1988). C lassically, species o f  the genus 

Candida  were differentiated on their ability to form germ tubes, chlamydospore production
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and by their carbohydrate- and nitrogen-source assimilation patterns (Sullivan et al., 1996). 

However, these criteria have proved unreliable in defining species barriers, partly due to the 

variability of phenotypic properties betv^een isolates of the same species. It is not 

surprising, therefore, that coinciding with the dramatic increase in fungal opportunistic 

infections in the immunocompromised patient group came reports o f the isolation of 

unusual Candida species that were referred to as "atypical C. albicans".

In the early 1990s, several reports described the recovery of atypical Candida strains 

from HIV-infected individuals and AIDS patients in Australia, Ireland, Switzerland, and 

the UK (Schmid et al. 1992; Sullivan et al. 1993; Boerlin et al., 1995; McCullough et al., 

1995). Schmid et al. (1992) described two atypical C  albicans oral isolates recovered from 

AIDS patients which yielded unusual DNA fingerprint patterns with the C. albicans- 

specific probe Ca3. Sullivan et al. (1993) also reported the isolation of atypical Candida 

isolates from a group of HIV-infected individuals with recurrent oral candidosis. Another 

research group while studying oral C. albicans strains from 60 HIV-infected patients over a 

2.5-year period described 18 atypical Candida isolates among the 295 C. albicans isolates 

studied. These 18 isolates produced greater amounts of extracellular proteinase, adhered 

more to buccal epithelial cells, and were less susceptible to the antifungal drug 5- 

fiucytosine (5-FC) (McCullough et a l, 1995). Further reports of similar isolates appeared 

in the literature from other countries such as Switzerland and the UK (Schmid et al., 1992; 

Boerlin et al., 1995). These reports showed that the atypical Candida isolates shared similar 

features with C. albicans and the closely related species C. stellatoidea, which merited 

further studies to analyse the taxonomic relationship between theses species.

The atypical Candida isolates were phenotypically very similar to C. albicans in that 

they produced germ tubes and chlamydospores, features originally diagnostic for C. 

albicans. However, many of these isolates were found to yield atypical carbohydrate- and 

nitrogen-source substrate assimilation profiles when analysed with commercially available 

yeast identification systems such as the API 20C AUX and API ID 32C systems, which did 

not correspond to any known Candida species (Sullivan et al., 1995). Candida stellatoidea, 

however, has been divided into two types termed type I and type II, respectively. Both 

types react with antisera raised against C. albicans serotype B antigenic factor but unlike C. 

albicans are incapable of assimilating sucrose (Kwon-Chung et a l, 1989). The atypical C. 

alb icans  isolates- referred to above, were sucrose-positive and have the ability to
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agglutinate to C. albicans serotype A antiserum  which distinguished them  from C. 

stellatoidea.

Furthermore, C. stellatoidea type I isolates are generally accepted to be a subgroup o f 

C  albicans since they generate distinct karyotype profiles from those o f C. albicans or type 

II C. stellatoidea. They also produce different fingerprint patterns with the C. albicans 

fingerprinting probes 27A and Ca3 from those o f C. albicans or type II C. stellatoidea  

(Kwon-Chung et a i ,  1988 & 1989). In addition, fingerprinting profiles o f  C. stellatoidea 

type II obtained with the 27A probe are sim ilar to those exhibited by C. albicans and 

subsequently type II are now referred to as "sucrosed-negative C. a/6/ca«5"(Kwon-Chung 

et a i ,  1990). However, DNA fingerprint patterns o f atypical C. albicans isolates generated 

with the C. albicans-s\)QQ,\fiQ, mid-repeat sequence DNA fingerprinting probe 27A and Ca3, 

karyotype analysis and random am plified polym orphic DNA analysis (RAPD) yielded 

different fingerprint profiles, in each case, to those obtained with C. albicans or type I or 

type II C. stellatoidea ( Schmid et a i ,  1992; Boerlin et a i ,  1995; M cCullough et a i ,  1995; 

Sullivan et al., 1995). Fingerprint profiles o f the atypical Candida isolates hybridized with 

C. albicans-s^QC\f\c fingerprinting probes 27A contained only 4 to 7 weak bands, ranging 

in size between 500 bp and 20 kb compared to that o f C. albicans, which yielded 10 to 15 

stronger hybridising bands ranging in size between 500 bp and 20 kb (Sullivan et al., 

1995).

In 1995, w hen Sullivan et al. perform ed detailed phenotypic, genotypic and 

phylogenetic studies on these atypical isolates from Ireland, Australia and the UK, they 

concluded that they constitute a novel species for which the name C. dubliniensis was 

proposed.
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1.2.2 Phenotypic properties of C. dubliniensis

Unlike other Candida  species, the ability o f C. albicans to produce germ tubes and 

chlamydospores were traits previously considered diagnostic for this species. However, C. 

dubliniensis is also capable o f germ tube production upon incubation in serum (Sullivan et 

a l ,  1995), although, unlike C. albicans, it does not produce germ tubes when incubated in 

N-acetylglucosamine-containing medium (Gilfillan et a l ,  1998). Candida dubliniensis also 

produces chlamydospores when grown on media such as rice Tween 80 agar (RAT), Tween 

80-oxgall-caffeic acid (TOC) or cornmeal agar (Sullivan et al., 1995; Jabra-Rizk et al., 

1999a; Koehler et al., 1999). In contrast to C. albicans isolates, which tend to produce 

single chlamydospores attached term inally to pseudohyphae by a single suspensor cell, 

isolates o f C. dubliniensis tend to produce abundant chlamydospores, frequently arranged 

in contiguous pairs, triplets or larger groups attached to a single suspensor cell (Sullivan, 

1995). However, this unusual feature has not been shown to be reproducible for every C. 

dubliniensis isolate in a number o f laboratories (K irkpatrick et al, 1998; Schoofs et al., 

1997). A characteristic feature o f C. dubliniensis, in contrast to C. albicans, is that the vast 

m ajority o f  C. dubliniensis isolates produce chlam ydospores on Staib agar. Candida 

dubliniensis  isolates also form rough colonies when incubated at 30°C on Staib agar, 

whereas C. albicans do not (Staib & Morschhauser, 1999).

Candida albicans and type II C. stellatoidea can be serotyped as either serotype A or 

serotype B on the basis o f agglutination reactions with antisera raised against C andida  

antigenic factor number 6 (Odds, 1988; Kwon-Chung et al., 1989). In contrast, type I C. 

stellatoidea  which is genetically distinct from C. albicans as demonstrated by karyotype 

analysis and by DNA fingerprinting with the C. albicans-spQC\T\c probe Ca3, always belong 

to serotype B (Kwon-Chung et al., 1989). To date, all isolates o f C. dubliniensis tested have 

been found to react with C. albicans serotype A antiserum as determined by agglutination 

reactions with antibodies raised against Candida  antigenic factor No. 6, and with serotype 

A-specific antisera using flow cytometry (Sullivan et a l ,  1995; M ercure et a l ,  1996). On 

this basis isolates o f  C. dubliniensis can be distinguish from type I C. stellatoidea isolates.

Isolates o f C. dubliniensis grow well at 30°C and 37°C on all mycological culture 

m edia used for the culture o f C andida  species (Sullivan et al., 1995). However, C. 

dubliniensis isolates were observed to grow poorly or not at all at 42°C and not at all at
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45°C, unlike the majority o f C. albicans isolates which grow well at this temperatures 

(Sullivan et al., 1995; Pinjon et al., 1998). Growth at a temperature o f  45°C was suggested 

as the basis o f a simple test to distinguish between C. dubliniensis and C. albicans (Pinjon 

et al., 1998), how ever, some isolates o f C. albicans  do not grow at this elevated 

temperature (Kirkpatrick et al., 1998; Gales et al., 1999).

Isolates o f the closely related species C. dubliniensis and C. albicans produce white 

creamy colonies on conventional mycological media such as Sabouraud dextrose agar or 

potato dextrose agar (PDA) thus the two species are indistinguishable on such media. 

However, CHROMagar® Candida medium can be used for the preliminary identification of 

several clinically important Candida  species including C. dubliniensis (Odds & Bernaerts, 

1994; Sullivan & Coleman, 1998). Colonies o f  C. dubliniensis appear dark green in colour 

when cultured on the chromogenic medium CHROM agar Candida® on primary isolation 

from a clinical specim en following growth at 37°C for 48 h. In contrast, C. albicans 

colonies are a light blue-green colour w hen grow n under the same conditions on 

CHROM agar Candida medium (Schoofs et al., 1997; Sullivan & Coleman, 1998; Koehler 

et al., 1999; Colem an et al., 1997b). However, this m edium  is only useful for the 

preliminary isolation o f C. dubliniensis following primary culture from clinical specimens 

as its distinctive colony colouration may be lost following storage and subculture (Schoofs 

et a l ,  1997; Tintelnot et a l ,  2000).

Yeast identification systems are most commonly used for identifying Candida species 

and are used routinely in diagnostic laboratories. These systems make use o f the ability of 

different species to assimilate a variety o f compounds that can be used as the sole source o f 

carbon or nitrogen or on the detection o f different enzym e activities. The pattern o f 

substrate assimilation yields a numerical code, which is then compared to a database and 

leads to the identification o f the isolate (Sullivan et al., 1995; Gales et al., 1999; Pincus et 

al., 1999). Initially, Sullivan et al. (1993) noted that the codes given by C. dubliniensis 

isolates were similar to those obtained with isolates o f type I C. stellatoidea, the difference 

being due to the ability o f C. dubliniensis isolates to assimilate sucrose. Accordingly, they 

suggested that their atypical isolates m ight be sucrose positive variants o f type I C. 

stellatoidea, although they possessed a different serotype (Sullivan et al., 1993). Prior to 

the inclusion  o f  C. dublin iensis  in the databases o f  com m ercially available yeast 

identification systems such as the bioMerieux API ID 32C and API 20C AUX systems, C.
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dubliniensis profiles did not match any known profiles in the databases or gave profiles 

corresponding to poor identification o f species such as C. stellatoidea, C. sake and C. 

colliculosa (Boerlin et al., 1995; McCullough et a l ,  1995; Sullivan et al., 1995; Coleman et 

al., 1997a; Schoofs e /a /., 1997; Sullivan e t a l ,  1997; Kirkpatrick e /a / . , 1998; Salkin e t a l ,  

1998; Gales et a l ,  1999; Jabra-Rizk et al., 1999a; Tintelnot et al., 2000). However, despite 

the introduction o f a limited number o f C. dubliniensis profiles in the databases in 1998, it 

has been reported that, in order to allow reliable identification, the databases should be 

further modified to include more C. dubliniensis profiles (Pincus et al., 1999).

Many o f the phenotypic properties o f C. dubliniensis described above have been used 

for distinguishing isolates o f C. dubliniensis from C. albicans. However, the majority o f 

these phenotypic properties are not definitive for C. dubliniensis and therefore in order to 

achieve definitive identification o f C. dubliniensis m olecular methods based on genotypic 

characteristics (discussed below) need to be used.

1.2.3 Genotypic properties of C. dubliniensis

Candida dubliniensis possesses distinct genetic characteristics that originally led to it 

being designated as a separate species. W hen £coR l-d igested  genom ic DNA from C. 

albican, C. dubliniensis and C. stellatoidea  were probed with the moderately repetitive C. 

a lb ica n s  fingerprinting probes 27A and Ca3, the first evidence that suggested that 

C. dubliniensis isolates were genetically distinct from other Candida species was elucidated 

(Boerlin et al., 1995; McCullough et al., 1995; Sullivan et al., 1995). While the 27A probe 

generates fingerprint patterns consisting o f 10-15 strongly hybridising bands w ith C. 

albicans DNA and with type I and type II C. stellatoidea  DNA (Scherer & Stevens, 1988) 

the fingerprint patterns obtained for the C. dubliniensis isolates consisted o f  4-7 weakly 

hybridising bands (M cCullough et al., 1995; Sullivan et al., 1995). Similarly, the Ca3 

fingerprinting probe hybridised weakly to C. dubliniensis genomic DNA while it gives 

strong hybridisation bands with C. albicans genomic DNA (Boerlin et al, 1995).

Other distinct fingerprint profiles were generated when the C. dubliniensis genomic 

DNA was digested with the restriction endonuclease Hin^l. These profiles were different 

from the corresponding //m/1 RFLP patterns o f C. albicans, or type 1 and type 11 C. 

stellatoidea  (Sullivan et al., 1995, 1996 and 1997; Sullivan & Coleman, 1998; Kirkpatrick
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et a l ,  1998; M cCullough et a l ,  1999a). Furtherm ore, C. dubliniensis can be readily 

distinguished from C. albicans and type I C. stellatoidea  on the basis o f the fingerprinting 

patterns obtained with the five oligonucleotide probes (GGAT)4 , (GACA)4 , (GATA)4 _ 

(GT)g and (GTGjj and by RAPD analysis (Sullivan et al., 1993 & 1995).

M ultilocus enzyme electrophoresis (MEE) studies on C. dubliniensis isolates further 

confirm ed the taxonomic position o f  the novel species as genetically very divergent from 

other species examined including C. albicans or type 1 C. stellatoidea (Boerlin et a l ,  1995; 

Pujol et al., 1997). Furthermore, very little intraspecies divergence was observed by MEE 

with C. dubliniensis (Boerlin et al., 1995; Pujol et al., 1997).

In addition, C. dubliniensis isolates have distinctive karyotype patterns consisting o f 

nine or ten chrom osom e sized DNA bands detected by pulsed-field gel-electrophoresis 

(PFGE), usually with one or more bands less than 1 Mb in size, a feature shared with 

isolates o f type I C. stellatoidea. In contrast C. albicans isolates and type II C. stellatoidea, 

typically yield seven distinct chrom osom e sized DNA bands by PFGE (Sullivan et al., 

1995).

In 1999 Joly et al. developed a fingerprinting probe (Cd25) for C. dubliniensis having 

identified a species-specific repetitive DNA elem ent in this species. Com puter-assisted 

analysis o f Cd 25-fingerprint profiles from 57 isolates collected from 11 countries revealed 

that the isolates could be separated into two distinct groups termed group I and group II 

isolates. Group I isolates were very closely related (average similarity coefficient (S^g) o f 

0.80) whereas group II isolates were less closely related (S^g=0.47). The isolation o f a 

species-specific repetitive element provides further evidence that C. dubliniensis is indeed a 

distinct species (Joly et al., 1999). Later, Gee et al. (2002) carried out a more exhaustive 

study with 94 isolates from 15 different countries and confirmed the separation o f  the C. 

dubliniensis population into two different groups, Cd25 group I and II (Gee et al., 2002). In 

addition. Gee et al. (2002) analysed and sequenced the internal transcribed spacer regions 

(ITS) o f the rRNA gene cluster o f 19 C. dubliniensis isolates which led to the identification 

o f  four distinct genotypes among C. dubliniensis (Gee et al., 2002). All C. dubliniensis 

isolates belonging to Cd25 group I were found to belong to genotype 1 while the Cd25 

group II isolates comprised o f three distinct genotypes (genotypes 2, 3 and 4) (Gee et al., 

2002). To facilitate epidem iological studies, Gee et al. (2002) developed a genotype- 

specific PCR assay based on sequence differences in the ITS region between the four
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genotypes (Gee et al., 2002). The results o f this study should facilitate future investigations 

o f the epidemiological relevance o f each genotype group o f C. dubliniensis.

1.2.4 Phylogenetic analysis of C. dubliniensis

A lthough m olecular analysis has dem onstrated that C. dub lin iensis  is in fact a 

separate species, many researchers analysed ribosomal, non-ribosomal and mitochondrion 

nucleotide sequences in order to determine the phylogenetic relationships between C. 

dubliniensis and C. albicans or other Candida species.

In the first study describing C. dubliniensis, Sullivan et al. (1995) com pared the 

sequence o f 500 bp o f the V3 variable region o f the large rRNA subunit genes from nine 

isolates o f  C. dubliniensis and from reference strains o f  C  albicans, C. stellatoidea, C. 

tropicalis, C. glabrata, C. kefyr and C. krusei. A phylogenetic tree was produced based on 

these sequences in which C. dubliniensis isolates formed a homogeneous cluster which 

were 100% identical and significantly different from the other Candida  species analysed 

(Sullivan et al., 1995). The C. dublin iensis  sequence was 2.3% divergent from the 

corresponding C. albicans sequence. This study also indicated that C. albicans and C. 

stellatoidea  were so closely related (0-0.02 % sequence divergence) as to be considered a 

single species (Sullivan et al., \995). These results were later confirmed by the analysis o f 

the V3 region from a further five C. dubliniensis isolates from Ireland, the UK, Argentina 

and Switzerland (Sullivan et al., 1997). The unique phylogenetic position o f C. dubliniensis 

was later analysed further when Gilfillan et al. (1998) compared the complete nucleotide 

sequence o f  the entire small rRNA gene (SSU rRN A) from  the type strain o f  C  

dubliniensis w ith the SSU rRNA genes from C. albicans, C. tropicalis, C. glabrata, C. 

lusitaniae, C. krusei and Saccharomyces cerevisiae. Candida dubliniensis was found to 

exhibit 1.4% sequence divergence from C. albicans (Fig. 1.1). Furthermore, Kurtzmann & 

Robnett, (1997) analysed the sequence o f the 5' end o f the large rRNA subunit genes from a 

wide variety o f different yeasts. The sequence difference between C. dubliniensis and C. 

a lb icans  was found to be about 2.2%. A nother phylogenetic study which complements 

previous studies on rRNA gene sequences was the work o f Boucher et al., (1996) who 

analysed the D1/D2 variable region o f  the large subunit rRNA gene from all known 

clinically significant yeasts. The authors showed that C. dubliniensis harbours a group I
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Figure 1.1 An unrooted phylogenetic neighbour joining tree generated from the alignment of the sequences encoding the small rRNA 

genes from C. dubliniensis CD36 and different non-C albicans species. The scale bar represents a 1% difference in nucleotide sequence. 
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self-splicing intron in the large ribosomal RNA as observed in about 40% of C. albicans 

strains and all C. stellatoidea strains. However, the C. dubliniensis group I intron has two 

widely divergent stem-loop regions when compared to the C. albicans intron and the 

corresponding sequences from a variety of yeast species. Furthermore, the sequence o f the 

group 1 intron from a number of C. dubliniensis isolates revealed an intraspecies sequence 

conservation which was also observed in the introns sequenced from different isolates o f C. 

albicans and C. stellatoidea (Boucher et a l, 1996).

Other researchers have reached similar conclusions on the basis of comparisons 

between the nucleotide sequences of a wide range o f genes from C. dubliniensis and from 

other Candida species. Donnelly et al. (1999) was able to design C. dubliniensis-s.^QciTic 

PCR primers based on significant divergence between the C. dubliniensis and C. albicans 

A C T l intron sequences. Comparison of the C dA C T l sequence with the C. albicans 

homologue (CaACTl) revealed that although the exons are 97.9 % identical the introns are 

only 83.4 % identical (Donnelly et al., 1999). Moran et al. (2002), on the other hand, 

cloned and sequenced the C. dubliniensis homolog of CaMDRl, termed CdMDRl which 

was found to be 92% identical to the corresponding C aM D Rl sequence (Moran et al., 

1998). This was equivalent (92%) to the divergence observed between the two species 

when the C. dubliniensis CdCDRl and the corresponding homolog in C, albicans (CDRI) 

were sequenced {Moran et al., 2002).

In an attempt to develop a reliable molecular-based discriminatory method to 

differentiate between C  dubliniensis and C. albicans, Kurzai et al. (1999) analysed the 

PH Rl and PHR2 structural genes in both species. The investigators found that the 

nucleotide sequences of C. dubliniensis and the corresponding C. albicans sequences, were 

90.2%, 91.2% identical, respectively.

Moran et al., (2004) used C. albicans whole genome DNA microarrays to perform 

comparative genomic hybridization study between C. albicans and C. dubliniensis in order 

to identify genomic differences that might explain the difference in virulence between both 

species. The results indicated that C. dubliniensis genomic DNA demonstrated a significant 

degree o f nucleotide sequence homology (> 60 %) with the C. albicans gene-specific 

sequences. However, 4.4 % of the sequences (representing 247 genes) exhibited significant 

sequence divergence (< 60 % homology) or absence in C. dubliniensis (Moran et al., 2004)
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Indeed, all o f  these phylogenetic studies provided convincing evidence o f the unique 

taxonomic position o f C. dubliniensis within the genus Candida and for its designation as a 

separate species.

1.2.5 Identification of C. dubliniensis from clinical specimens

It is imperative that the epidemiology and clinical importance o f C. dubliniensis be 

elucidated, especially with the em ergence o f  antifungal drug resistant clinical isolates 

which pose a clinical challenge. In order to achieve this, simple, reliable, and inexpensive 

identification tests, which meet the demands o f standard clinical laboratories need to be 

developed and introduced. Finding such a method is com plicated by the fact that C. 

dubliniensis shares many phenotypic traits with C. albicans.

1.2.5.1 Phenotypic based tests

1.2.5.1.1 Growth on different agar media

Many studies have described a variety o f culture media for differentiating isolates o f 

C. dubliniensis from  C. albicans, but many o f these have been described as being 

unreliable. However, these m edia can be used for the presum ptive identification o f C, 

dubliniensis isolates. Perhaps the most important aid in the analysis o f Candida populations 

in clinical specimens has been the development o f  CHROMagar® Candida medium (Odds 

& Bernaerts, 1994). On CH RO M agar Candida m edium  isolates o f  C. albicans, C. 

tropicalis, C. krusei, C. glabrata, and. C. parapsilosis usually form light green, blue, pale 

pink with rough hyphal fringe, dark pink with lighter hyphal fringe and white-purple 

colonies, respectively (Bernal et al., 2004). However, as mentioned previously, although C. 

dubliniensis produces distinctive dark green colonies on this agar on primary isolation, this 

property can be lost following subculture or storage at -70°C (Schoofs et al., 1997). 

Furtherm ore, incubation conditions when using this m edium  are critical as prolonged 

growth o f C. dubliniensis on this medium results in an appearance similar to C. albicans 

(Schoofs et a l ,  1997; Pfaller et al., 1999a). Others have reported that C. albicans colonies 

may produce a similar dark colour to C, dubliniensis (Schoofs et al., 1997; Tintelnot et a l ,  

2000). Tintelnot et al. (2000) studied 170 light and dark green colonies following primary
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isolation on CHROMagar® from a total o f  150 oral rinse samples and only 30 o f  the 53 C. 

dubliniensis isolates recovered showed the dark green pigmentation. They concluded that 

both species can produce light green coloured colonies on CHROMagar® Candida m edium  

following primary culture indicating this medium was not reliable for the differentiation o f 

C  dubliniensis and C. albicans (Tintelnot et al., 2000). Tintelnot et al. (2000) concluded 

that if  CHROMagar® is used for the primary identification o f  C. dubliniensis the actual 

prevalence o f  C. dublin iensis  will be underestim ated. For these reasons, it has been 

recom m ended that this agar be used only for the presum ptive identification o f  C. 

dubliniensis on primary isolation from clinical specimens (Sullivan et al., 1999).

On Methyl blue-Sabouraud agar, C. albicans colonies fluoresce with a yellow colour 

under W oods lam p illum ination (UV), w hereas colonies o f  C. dublin iensis  do not. 

However, an absence o f  fluorescence has been observed in some isolates o f C. albicans 

(Schoofs et al., 1997).

V elegraki & Logotheti, (1998) reported that C  dubliniensis isolates reduce the 

compound 2,3,5-triphenyltetrazolium  chloride from red to maroon colonies on Pagano- 

Levin agar. In contrast, the colour o f C. albicans colonies on this medium varies from 

whitish to pale pink. However, examination o f the colonial morphology o f 50 isolates each 

o f C. dubliniensis  and C. albicans on agar containing 2,3,5-triphenyltetrazolium chloride 

revealed that the colour o f the C. dubliniensis colonies ranged from white through pink to 

purple, and were indistinguishable from C. albicans colonies (S. Donnelly & D. Coleman, 

personal communication).

Tween 80 m edium  is another differential agar that has been used to differentiate C. 

dubliniensis from C. albicans. It indicates whether an isolate produces esterase when grown 

on the medium by the presence o f  a hyphal fringe around an inoculated site on the Tween 

medium 2 to 3 days post-inoculation. Slifkin (2000) reported that C. albicans isolates (n= 

15) tested produced a hyphal fringe on this medium but C. dubliniensis isolates (n=16) did 

not.

1.2.5.1.2 Chlamydospore production, germ tube production and serotyping ofC.  

dubliniensis

The ability o f  both C. dublin iensis  and C. albicans to produce germ tubes and 

chlamydospores has contributed to the misidentification o f some C. dubliniensis isolates as
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C. albicans (Sullivan et al., 1995; Odds et a i ,  1998; Jabra-Rizk, 2000). Prior to the first 

description o f C. dubliniensis in 1995, chlam ydospores and germ tubes form ation were 

commonly used to for the definitive identification o f C. albicans clinical isolates. However, 

C. dubliniensis also produces chlamydospores often in contiguous pairs, triplets or larger 

groups when grown on media such as rice Tween 80 agar (RAT), Tween 80-oxgall-caffeic 

acid (TOC) or cornm eal agar, w hereas C. alb icans  isolates usually produce single 

chlamydospore attached to a single suspensor cell (Sullivan et a l ,  1995; Jabra-Rizk et al., 

1999a; Koehler et al., 1999). However, the formation o f multiple chlamydospores attached 

to a single suspensor cell has not been found to be reproducible with all C. dubliniensis 

isolates tested and, therefore, chlamydospore production as a single phenotypic test, can not 

be used to differentiate between C. albicans and C. dubliniensis  (Schoofs et al., 1997; 

Kirkpatrick e t a l ,  1998).

All isolates o f C. dubliniensis tested to date have been found to react with C. albicans 

serotype A antiserum  as determ ined by agglutination reactions with antibodies raised 

against Candida  antigenic factor No. 6, and with serotype A-specific antisera using flow 

cytom etry hence classifying them as serotype A (Sullivan et a i ,  1995; M ercure et a i ,  

1996). Furthermore, several studies have shown that C. dubliniensis, like C. albicans, is 

also capable o f  germ tube production upon incubation in serum (Sullivan et a l ,  1995), 

although, unlike C. albicans, it does not produce germ tubes when incubated in N-acetyl 

glucosamine-containing medium (Gilfillan et a l ,  1998).

1.2.5.1.3 Lack o f  growth at 42 °C and 45 °C

The inability o f C. dubliniensis strains to grow at 42°C com pared to C. albicans 

strains was first thought to be a potentially useful test for differentiating C. dubliniensis 

from C. albicans (Sullivan et a l ,  1995). However, reports o f C  dubliniensis isolates that 

were able to grow poorly or well at 42°C soon appeared in the literature (Coleman et a l,  

1997a & 1997b; Schoofs et a l ,  1997; Sullivan et a l ,  1997; Sullivan & Coleman, 1998; 

K irkpatrick et a l ,  1998; Pinjon et a l ,  1998). Subsequently, a study that investigated the 

grow th o f  C. dub lin iensis  at 45°C suggested that C. dublin iensis  isolates could be 

discriminated from C. albicans isolates based on the inability o f the former to grow at 45 °C 

(Pinjon et a l ,  1998). Although to date no C. dubliniensis isolates that can grow at 45°C 

have been reported, K irkpatrick et al. (1998) described C. albicans isolates that were
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incble to grow at 45°C. In another study, Gales et al. (1999) studied 100 C. albicans 

iioates out o f which 23 (23%) yielded poor or no growth at 45°C. Therefore growth o f C. 

cuUiniensis isolates at 45°C can not be used as a reliable method for the differentiation o f 

C. lubliniensis from C. albicans.

j. 2.5.1.4 Carbohydrate assimilation profiles

A variety o f commercially available yeast identification systems including the API ID 

32C, the API 20C AUX, the RapID Yeast Plus, the VITEK YBC and the VITEK 2 ID-YST 

s/sem s have been used to discriminate between isolates o f C. dubliniensis and other yeast 

species. H owever, prior to updating the respective system  databases to include C. 

a/b'iniensis profile, these systems provided numerical codes that did not correspond with 

aiy known species. In addition, some isolates generated codes that gave low discrimination 

p-onles which corresponded to poor identification o f species such as C. stellatoidea, and C. 

sake (Boerlin et al., 1995; McCullough et al., 1995; Sullivan et a!., 1995; Coleman et al., 

U9^a; Schoofs et al., 1997; Sullivan et a l ,  1997; Kirkpatrick et a l ,  1998; Salkin et al., 

U95; Gales et a l ,  1999; Jabra-Rizk et a l ,  1999a; Tintelnot et a l ,  2000). Pincus et al. 

(19S9) studied the efficacy o f the API 20C AUX, ID 32 C, RapID Yeast Plus, VITEK 2 ID- 

YST and VITEK YBC systems to provide rapid, accurate and reproducible identification of 

C cubliniensis. The substrate reactivity profiles o f 80 C. dubliniensis  isolates were 

compared with that o f C. albicans profiles in each system database and the results were 

o.piessed as percent C. dubliniensis and percent C. albicans. Any substrate that showed 

>50'/o difference in reactivity was considered useful in differentiating the species. In 

general, Pincus et al. (1999) found that assimilation o f methyl-alpha-D-glucoside (MDG), 

trehalose (TRE), and D -xylose (XYL) proved to be the m ost useful for species 

differentiation by the majority o f the commercial systems they tested. Using the API 20C 

A ’JX  and the API ID 32 C systems, Pincus et al. (1999) found that 15% and 30%, 

respectively, o f the 80 C. dubliniensis isolates they tested were TRE positive. This finding 

is in contrast to what is provided in the databases o f these systems which indicates that C. 

dhblniensis is TRE negative. In addition, the data indicated that XYL assimilation was the 

most effective test in separating C. dubliniensis from C. albicans. Using the API 20C AUX 

and the API ID 32 C systems, Pincus et al. (1999) found that 100% and 100%, respectively, 

o f the 80 C. dubliniensis  isolates they tested were XYL negative while 88%> and 98%,
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nsfectively, o f the C  albicans were XYL positive. This finding is in contrast to what is 

proaded in the databases o f these systems which indicates that Calbicans is XYL negative 

Therefore, Pincus et al. (1999) concluded that the incorporation o f  this variability in a 

fitire  update o f  the databases would correctly identify all isolates that were misidentified 

or midentified. As indicated in section 1.2.2, the API yeast identification system databases 

ver^ updated in 1998 to include a lim ited number o f  C. dubliniensis isolates profiles. 

Kovv^ever, clearly there is still a need for more extensive C. dubliniensis profiles to be 

inchded in the system databases to correctly and reliably identify C. dubliniensis isolates. 

This need was confirm ed in subsequent studies; Tintelnot et al. (2000) who tested the 

assinilation profiles o f 53 C. dubliniensis isolates with the API ID 32C yeast identification 

system but only two isolates were correctly identified as C. dubliniensis, whereas the 

remaining isolates were incorrectly identified as C. albicans.

1.2.5.1.5 intracellular ^-glucosidase test

A typical isolates w hich w ere subsequently identified as C. dublin iensis  were 

characterised as lacking in tracellu lar (3-glucosidase activity (Boerlin et al., 1995). 

Subsequently an assay was developed to distinguish C. dubliniensis from C. albicans based 

on this feature (Schoofs et al., 1997). Odds et al. (1998) reported that 12.4% (67/537) o f C. 

albicans isolates tested did not express (3-D-glucosidase activity (O dds et al., 1998). 

However, Tintelnot et al. (2000) showed that 13% o f C. albicans tested showed no 3- 

glacosidase activity and hence this phenotypic trait can not be used to differentiate between 

C  dubliniensis and C. albicans.

1.2.5.1.6 Pyrolysis-mass spectrometry, Fourier transform -infrared spectroscopy and gas 

liquid chromatography

Sophisticated techniques such as Fourier transform  infrared spectroscopy (FT-IR), 

P}rolysis mass spectrometry (PyMS) and fatty acid methyl ester analysis using gas liquid 

chromatography are not widely available in routine clinical diagnostic laboratories and are 

therefore not suitable for the routine identification o f C. dubliniensis (Timmins et a l,  1998; 

Tintlenot et al., 2000; Peltroche-Llacsahuanga et a l ,  2000a). Tintelnot at al. (2000) used 

FT-IR to successfully discriminate isolates o f C. dubliniensis from C. albicans. However, 

since this technique is based on detection o f  the com position and structures o f all cell
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com pounds within an intact cell environment, the discrim ination is achieved only when 

m ultiple statistical studies are applied to the analysis o f  a very com plex spectral data 

(Tintelnot et al., 2000). Fourier transform infrared spectroscopy (FT-IR) and Pyrolysis 

mass spectrometry (PyMS) were also used to analyze a group o f 29 clinical and reference 

Candida  isolates. Both techniques were shown to be capable o f successfully discriminating 

between isolates o f C. albicans, C. dubliniensis, and C. stellatoidea  in a relatively short 

time (2 min for PyMS and 10 s for FT-IR) (Timmins et al. 1998).

1.2.5.1.7 Other phenotypic tests

Jabra-Rizk et al. (1999b) showed that only C. dublin iensis  and not C. albicans 

coaggregates w ith Fusobacterium nucleatum  when grown at 37°C. F u so b a c te r iu m  

nucleatum  and other fusobacteria constitute the largest portion o f the microbial population 

in dental plaque. Therefore, C. dubliniensis aggregation with Fusobacterium  nucleatum  

may contribute to the ability o f C. dubliniensis to colonise the oral cavity. Subsequently 

Jabra-Rizk et al. (1999b) suggested a test to discriminate between both species based on 

this characteristic. The test was proven to be simple, fast, inexpensive and suitable for use 

in routine diagnostic laboratories. Another test based on im munological detection and 

differential localisation o f  antigens on C. diiblimensis blastospores and C. albicans germ 

tubes was reported by Bikandi et al. (1998). This method is very fast, it takes less than 2 h 

to perform and has been tested on 85 and 49 clinical isolates o f  C. dubliniensis and C. 

albicans, respectively (Bikandi et al., 1998). The anti-C. dubliniensis sera, which was 

raised in rabbits, reacted with specific components o f 25, 28, 37, 40, 52, and 62 kDa in the 

C. dubliniensis extract and was able to differentially label all tested C. dubliniensis isolates 

in an indirect immunofluorescence test.

M ore recently  an im m unochrom atographic m em brane (ICM ) test assay was 

developed to aid in the differentiation o f C. dubliniensis. The advantages o f this assay 

included speed, easy interpretation o f results and no complex instruments were needed to 

carry out the test (Marot-Leblond et al, 2004).
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1.2.5.2 Polymerase chain reaction fPCRVbased methods

As described above, a wide variety o f phenotypic tests for C. dubliniensis have been 

described in the literature, however, to date no single phenotypic characteristic is sufficient 

for the definitive identification o f this species. This is due to the fact that C. dubliniensis 

shares many phenotypic characteristics w ith C. albicans. Yet both species d iffer 

significantly at the genetic level. As a result, the most discriminatory methods available to 

date are molecular based methods such as PCR.

Since the first description o f C. dubliniensis as a distinct species within the genus 

Candida, several PCR based techniques have been developed for the identification o f C. 

dubliniensis and for its differentiation from C. albicans. PCR techniques are usually easy to 

perform , rapid, specific, and am enable to autom ation and to a large sample volume 

throughput. It is also a technique that is increasingly available to diagnostic laboratories 

world-wide.

Donnelly et al. (1999) developed a C. dubliniensis-s^QC\T\c PCR test using primers 

based on the y iC r/-a sso c ia ted  intron sequence o f C. dubliniensis which shares 83.4% 

identity with the C  albicans  sequence. These prim ers were used to amplify a DNA 

fragment o f 288 bp from C  dubliniensis template DNA. An extensive evaluation o f this 

PCR method carried out using 122 C. dubliniensis isolates, 53 C. albicans isolates and a 

number o f isolates from other Candida  species showed that positive identification o f C  

dubliniensis could be obtained in 4 h (Donnelly et al., 1999).

A num ber o f  other PCR methods have also been developed based on sequence 

differences between C. albicans  and C. dubliniensis  in the internal transcribed spacer 

region (ITS) o f the ribosomal gene cluster. Elie et al. (1998) tested 5 C. dubliniensis using 

C. dubliniensis-s^tc\i\c  primers that target the internal transcribed spacer region (ITS2) of 

the ribosomal gene cluster in different yeast species. Their method, however, was time 

consuming since it involved a PCR-ELISA. Similarly, the PCR-based line probe assay o f 

M artin et al. (2000) is com plex and would not be routinely available in a diagnostic 

laboratory. In one study, the sequence o f the ITS2 region was used to develop a molecular 

beacon probe for identification o f C. dubliniensis as well as C. albicans (Park et al., 2000). 

The designed probes were 100% accurate in identifying both species correctly. However,
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the technique was appHed to an unknown collection o f  23 strains that largely contained C. 

albicans and a smaller number o f C. dubliniensis (Park et a l ,  2000)

In other studies, restriction fragment length polymorphism o f the amplified ITSl and 

ITS2 regions was used as a means for distinguishing C. albicans and C. dubliniensis (Irobi 

et a l ,  1999; M cCullough et a l ,  1999a; W illiams et a l ,  2001; G raf et a l ,  2004). This 

method is relatively simple to apply but further m anipulation o f the PCR products are 

required thereby adding to the time before a positive identification for C. dubliniensis can 

be made.

Other PCR based methods for identifying C. dubliniensis and for distinguishing C. 

albicans  from C. dubliniensis have also been developed. M annarelli & Kurtzman (1998) 

designed primers based upon the D1/D2 region o f the large subunit rRNA gene. However, 

the prim ers were only tested against seven C. dubliniensis isolates. Kurzai et al. (1999) 

designed primers based upon sequence differences in the pH-regulated PH Rl  and PHR2 

genes o f the two species. These primers were designed specifically to identify C. albicans 

and hence a negative test will require additional experiment for definitive identification of 

C. dubliniensis.

1.2.5.3 M olecular typing tests for identification of C. dubliniensis

As previously discussed, the m ost reliable m ethods for identification o f C. 

dubliniensis are molecular methods based upon genetic differences e.g hybridisation with 

the repeat sequence probes Ca3 or 27A, hybridisation with the C. dubliniensis species- 

specific probe Cd25, hybridisation with the oligonucleotide probes (GGAT)4 , (GACA )4 , 

(GATA)4 , (GT)g and (GTG)s, karyotype analysis, RAPD, PCR fingerprinting with the M l3 

primer and RNA sequence analysis (Boerlin et al., 1995; M cCullough et al., 1995; Sullivan 

et al., 1995; Gilfillan et al., 1998; Joly et al., 1999; M eyer et al., 2001). In general these 

methods are not suitable for large-scale epidem iological investigation because they are 

labour-intensive, require specialised equipments and are expensive. However, PCR-based 

techniques are potentially valuable tools for the rapid and unequivocal differentiation o f C. 

dubliniensis. It would seem, therefore, that the most suitable methods for identifying C. 

dubliniensis in a diagnostic laboratory would be to presumptively identify the organism on 

a differential medium followed by PCR with C. dubliniensis-s^Qc[ '̂lc primers.
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1.2.6 Epidemiology of C. dubliniensis

It is believed that C. dubliniensis predates the AIDS pandem ic since the oldest 

confirm ed isolates o f C. dubliniensis were found in yeast culture collections that were 

deposited prior to the advent o f  AIDS. One o f these was originally m isidentified as 

Candida stellatoidea and deposited in the British National Collection for Pathogenic Fungi 

(Bristol, U.K.) as a reference strain for this species in 1957 (Sullivan et al. 1995) and 

another was deposited in the Centraalbureau voor Schimmelcultures collection (Baarn, the 

Netherlands) as C  albicans in 1952 (Meis et al. 1999). It has been suggested that the AIDS 

pandem ic and the widespread use o f fluconazole as a therapeutic and prophylactic agent 

during the mid 1980s have allowed this species to emerge as a significant agent o f disease 

and hence it's discovery in the mid 1990s (Sullivan et al., 2004)

Candida dubliniensis was initially recovered from the oral cavities o f HIV-infected 

patients from Ireland, Australia and the U.K. Subsequently, C. dubliniensis isolates have 

been identified from every continent and a large number o f countries all over the world 

(Pujol et al 1997; Schoofs e /a /., 1997; Sullivan et al 1997; Kirkpatrick e /a /., 1998; Odds e/ 

al 1998; Pinjon et al., 1998; Salkin et al 1998; Jabra-Rizk et al 1999a; M eiller et al 1999; 

Redding et al 2001; Gee et al 2002; Blignaut et al., 2003; Fotedar & Al Hedaithy 2003 & 

2004).

The vast majority o f C. dubliniensis isolates have been recovered from the oral 

cavities o f  H IV -infected individuals or, more frequently, from patients with AIDS 

including haem ophiliacs, intravenous drug users and hom osexuals, m ost often in 

com bination with C. albicans and /or other C andida  species (Coleman et al., 1997a & 

1997b; Ponton et al., 2000). One o f the first studies in the literature that investigated the 

prevalence o f this organism in the oral cavity comes from a study o f Irish individuals 

(Table 1.1) (Coleman et al., 1997b). According to this study, C. dubliniensis was recovered 

from 32% o f  Irish AIDS patients with clinical symptom s o f oral candidosis (n=76) and 

25% o f asymptomatic Irish AIDS patients (n=28). In contrast, C. dubliniensis was only 

recovered from 3% o f Irish HIV-negative healthy individuals. This evidence suggests that 

C. dubliniensis can exist as part o f  the norm al oral flora as well as an opportunistic 

organism  which can infect the oral cavities o f  individuals with im munodeficiency. The 

association between C  dubliniensis and the oral cavity o f  HIV-positive and AIDS patients
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Table 1.1. Epidemiology o f C. dubliniensis from different subject cohorts in Ireland."

Group Number of 
subjects*

% of subjects yielding C. 
dubliniensis and other 

Candida spp.

% of subjects yielding 
C. dubliniensis only

HIV+ 185 [+] 26 6
216 [-] 18 3

AIDS 82 [+] 32 10
3 6 [ - ] 25 8

Denture stomatitis 72 [+] 14 4

Diabetic 318 [-/+] 18 4

Normal healthy 202 [ -] 3.5 0.5

Vaginitis „„ 1 1 2 1 + ] ..... 3 1
" Modified from Ponton et al. (2000).
* [+], patient presented with clinical symptoms o f oral candidosis, [-], patient presented witiiout 
clinical symptoms o f oral candidosis.



was also confirm ed by the work o f Tintelnot et al., (2000) who found C. duhliniensis in 

34% of yeast-colonised HIV-infected patients. Other studies, predominantly from the USA, 

found the prevalence o f oral C  dubliniensis in HIV-infected individuals to be between 11% 

and 25% (Kirkpatrick et al., 1998; Jabra-Rizk et al., 1999a; M eiller et al., 1999; Brown et 

al., 2000). In contrast, other studies have reported significantly lower prevalence rates o f  C. 

dubliniensis colonising the oral cavities o f HIV-positive patients (Vargas & Joly 2002; 

Blignaut et al., 2003). Sullivan et al., 2004 suggested that the divergence in the prevalence 

o f C. dubliniensis in the reported studies could be due to differences in m ethods o f 

sampling and identification, geographical locations and differences in the cohorts o f  HIV- 

infected individuals included in theses reports (Sullivan et al., 2004).

A limited num ber o f C. dubliniensis isolates have also been recovered from the 

vaginal tracts o f H IV -negative women w ith vaginitis (Sullivan & Colem an, 1998, 

Polacheck et a l ,  2000). Similarly, C. dubliniensis isolates have been recovered from 

specimens from a variety o f other anatomical sites, including blood, faeces, sputum, urine, 

wounds and the respiratory tract (Odds et al., 1998; Polacheck et al., 2000; Gee et al., 

2002). More recently, the recovery o f C. dubliniensis from immunocompromised patients 

affected with different conditions such as m alignant diseases, diabetes and others has 

questioned its prevalence in these groups o f patients and the role C. dubliniensis may play 

in the pathogenesis o f disease and in the selection o f the appropriate treatment for these 

patients (Meis et al., 1999; Willis et al., 2000; Gottlieb et al., 2001; Davies et al., 2002)

In all studies to date, the prevalence o f C. dubliniensis isolates was higher in HIV- 

infected individuals than in non-H IV-infected individual (Coleman et a l ,  1997a & b; 

Ponton et al., 2000). Candida dubliniensis isolates from the oral cavity are most commonly 

recovered in mixed culture with other Candida  species, especially C  albicans. However, 

pure cultures o f  C. dubliniensis have been recovered from individuals exhibiting clinical 

symptoms o f oral candidosis, suggesting that this organism can be responsible for oral 

infections (Coleman et a l ,  1997a; Moran et al., 1997 & 1998). Indeed, epidemiological 

studies so far show cause for concern as this organism is prevalent in immunocompromised 

groups, particularly HIV-infected and AIDS patients. Candida dubliniensis has also been 

shown to rapidly develop resistance to fluconazole following exposure to the drug in vitro, 

and it has also been shown to develop resistance in vivo following fluconazole therapy 

(Moran et al., 1997 & 1998; Ruhnke et al., 2000).
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1.2.7 Virulence of C. dubliniemis

A lthough C. dubliniensis and the closely related species C. albicans share many 

significant phenotypic and genotypic characteristics, C. albicans  seem to be the more 

successful pathogen. Candida dubliniensis was recovered less frequently from the human 

oral cavity and vagina in healthy individuals compared to C. albicans (Ponton et al. 2000). 

In addition, the epidem iological data on the prevalence o f  candidaem ia showed that C. 

dubliniensis cause infections less frequently than C. albicans (Kibbler et a l,  2003; Sullivan 

et al., 2004). In a mouse model o f infection, Gilfillan et al. (1998) studied the virulence o f 

four C. dubliniensis isolates and demonstrated that they were less virulent than C. albicans 

isolates when an inoculum size o f 2x 10^ cells per mouse was used. W hen a higher 

inoculum was used (1 x 10^) there was a wide variation in the mean survival times amongst 

the mice infected w ith C. dubliniensis. Com petitive studies between the two species 

indicate that C. albicans has an advantage over C  dubliniensis in broth culture in vitro 

(K irkpatrick et al., 2000). However, the presence o f a supporting structure for biofilm 

formation enables C  dubliniensis to tolerate more successfully the competitive pressures 

from C. albicans. It was also suggested that the slower kinetics o f hyphal formation o f C. 

dubliniensis may contribute to its apparently lower virulence (Gilfillan et a l ,  1998). In this 

later study, the investigators used limited number o f isolates to study the kinetics o f  hyphal 

formation in both species. C. dubliniensis isolates production o f hyphae appeared to be 

slower in C. dublin iensis  than in a reference strain o f  C. albicans. In addition, C. 

dubliniensis, unlike C. albicans, did not produce hyphae following growth in N-acetyl-D- 

glucosamine medium (Gilfillan et al., 1998).

One o f the features which is usually associated with virulence in C. albicans is its 

ability to adhere to different human cells. M cCullough et al. (1995) reported that C. 

dubliniensis were more adherent than C. albicans to buccal epithelial cells. However, few 

other studies are in agreem ent with this report (G ilfillan et a l ,  1998; Jabra-Rizk et ah, 

2001). Gilfillan et al. (1998) demonstrated that C. dubliniensis isolates were more adherent 

to buccal epithelial cells than C. albicans when the organisms were grown in glucose-rich 

medium. In contrast, when different assay conditions were used Gilfillan et al. (1998) and 

Borg-von Zepelin et al. (2002) reported that C. albicans isolates were more adherent to 

buccal epithelial cells than C. dubliniensis. However, in the presence o f  fluconazole C.
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dubliniensis isolates showed increased adherence when compared with controls which 

might explain the high prevalence o f C. dubliniensis amongst AIDS patients receiving 

fluconazole therapy (Borg-von Zepelin et al., 2002).

Cell surface hydrophobicity expression varies greatly between C. albicans and C  

dubliniensis. Hydrophobic C. albicans cells may be induced by growth at 23°C which are 

less susceptible to phagocytic killing than hydrophilic cells which result from growth at 

37°C (Hazen & Glee, 1995). In contrast, C. dubliniensis cells have been reported to be 

hydrophobic under all environmental conditions tested (Hazen et al 2001; Jabra-Rizk et al., 

2001). However, despite this difference in hydrophobicity, there was no difference in the 

levels o f phagocytosis and induced oxidative burst and killing by human nuetrophils for 

both species (Peltroche-Llacsahuanga et a l,  2000b).

Secreted aspartyl proteinases (Saps) are believed to be involved, amongst other 

factors, in adherence of C. albicans to epithelial mucosa (Ray & Payne, 1988; Borg & 

Riichel, 1988; Ollert et al., 1993; Klotz et a l ,  1994; Watts et a l,  1998). McCullough et al. 

(1995) reported that oral C. dubliniensis isolates exhibited greater proteolytic activity than 

C. albicans isolates. Gilfillan et al. (1998) also demonstrated that C. dubliniensis possess 

homologues of seven C. albicans SAP genes. Using C. albicans DNA microarrays, Moran 

et al. (2004) performed comparative genomic hybridisation between C. albicans and C. 

dubliniensis in order to identify genomic differences that might account for the difference 

in virulence between the two species. In their work, the authors were able to identify a set 

o f C. albicans genes which may play a role in the increased prevalence and virulence of 

this species. Interestingly, the secreted aspartyl proteinase-encoding gene SAPS, among 

others, was found to be absent in C  dubliniensis. However, gene homologous to SAP4 and 

SAP6 o f C. albicans was found in this species (Moran et al., 2004).

Another factor which may contribute to C. albicans virulence is phenotypic 

switching. This phenomenon of phenotypic switching has been documented in C. albicans 

(Slutsky et al., 1985 and 1987; Gallagher et al., 1992). However, it has also been reported 

that C. dubliniensis isolates exhibited phenotypic switching more frequently than C. 

albicans which may contribute to its virulence (Hannula et al. 2000).
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1.3 Molecular typing of C a n d i d a  species using complex DNA

fingerprinting probes

Phenotypic analysis was first used as a method reflecting the genetic difference 

between fungal pathogens. Over the years, however, investigators have realised the 

shortcomings of biotyping and the fundemental problems that render them in some cases 

inadequate for discriminating among strains within a species (Sullivan et a l,  1996). In 

contrast, strain typing using DNA fingerprinting techniques provides investigators and 

clinicians with tools for tracking strains, identifying the sources o f particular infections and 

the detection o f the same or different strains from recurrent episodes o f infection in 

individual patients. Above all, strain biotyping is essential for epidemiological 

investigations since it gives valuable population information about isolates of the same 

species from separate individuals and patient groups (Sullivan et a l ,  1996; Soil 2000; 

Sullivan et al., 2004).

Soli, (2000) proposed a number of criteria for assessing the effectiveness of a DNA 

fingerprinting system. Firstly, the method should be resistant to environmental 

perturbations and high frequency genomic reorganisation. Secondly the data should reflect 

genetic distance at the resolution necessary to answer the questions posed. Thirdly, for 

some purposes, for example fingerprinting independent isolates, fingerprints must be stable 

over time. However, for studies on microevolution this is not a requirement. Fourth, 

fingerprints generated must be reproducible. Finally, the data generated should be amenable 

to computer-assisted analysis for retrospective analysis and for comparisons between 

laboratories. A number of fingerprinting methods that are in common use are discussed 

below, how'ever, not all of these methods fulfil all o f the requirements (Soil, 2000).

1.3.1 Multilocus enzyme electrophoresis (MLEE)

MLEE method uses changes in amino acid composifion of proteins as a result of 

nucleotide polymorphisms which can result in a change in the charge of the protein and 

thus affect the mobility of the protein. Therefore, when cell extracts are separated on starch 

gels and stained with enzyme-specific stains, strain-specific staining profiles can be 

obtained. For diploid organisms one or two bands are observed for each enzyme. Complex 

data profiles can be obtained by using several enzymes and subsequently analysis using
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computer-assisted methods. MLEE has been used to fingerprint many pathogens including; 

C. albicans (Caugant & Sandven 1993; Boerlin et al., 1995 & 1996; Le Guennec et al., 

1995) C. tropicalis (Lehmann et al., 1989), Candida parapsilosis  (Lin et al., 1995), 

Cryptococcus neoformans (Brandt et al., 1993 & 1996). However, one o f the drawbacks o f 

the method is that it is time-consuming since data collected from at least 10 enzymes that 

reflects the variation among isolates must be used (Soil, 2000).

1.3.2 Restriction fragm ent length polymorphism analysis

Restriction fragment length polym orphism (RPLP) analysis involves the digestion of 

chromosomal DNA by restriction endonucleases and the subsequent separation o f  the 

fragm ents by agarose gel electrophoresis. This technique was one o f the first DNA 

fingerprinting methods used to assess strain relatedness in fungi and has been applied to a 

variety o f fungi including C. albicans (Scherer & Stevens, 1987; Clemons et al., 1997), 

However, RFLP can result in the generation o f  com plex patterns o f  fragments that are 

ambiguous and difficult to interpret objectively. Nevertheless, studies using a variant o f this 

technique have shown improvement in the efficiency o f  discrimination between isolates. 

DNA is digested by restriction endonucleases that cleave DNA infrequently, thereby giving 

rise to large DNA fragments that can be subjected to RFLP analysis (Doebbeling et a i ,  

1993; King et al., 1995). However the inability o f this method to assess the relatedness of 

moderately related isolates coupled with the low precision o f RFLP analysis meant that this 

technique does not lend itself to studies in which cluster analyses o f  moderately related 

isolates are necessary and is not suitable for species identification (Sullivan et al., 1996; 

Soli, 2000).

1.3.3 Complex DNA fingerprinting probes

Another molecular approach that has been used to type isolates o f C  albicans and 

non-C. albicans Candida  species is Southern blot hybridisation o f  restriction enzyme- 

digested DNA with a complex DNA probe. It involves fingerprint analysis with species- 

specific DNA probes hom ologous to repetitive DNA sequences w hich are dispersed 

throughout the genome. The most commonly used C. albicans probes are the 27A and Ca3 

probes which contain the repefitive element RPS (Scherer & Stevens, 1988; Schmid et al., 

1990). While the 27A probe hybridises strongly to C. albicans £coRI-digested DNA
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producing com plex patterns o f bands (Scherer & Stevens, 1988), the fingerprint patterns 

obtained for C  dubliniensis isolates consist o f a small number o f weakly hybridising bands 

(M cCullough et al., 1995, Sullivan et al., 1995). Similarly, the Ca3 fingerprinting probe 

hybridises weakly to C. dubliniensis genomic DNA while it gives strong hybridisation 

bands with C. albicans genomic DNA (Boerlin et al., 1995). Complex probes have also 

been developed for C. parapsilosis, C. glabrata, C. tropicalis and C. dubliniensis (Joly et 

al., 1996 & 1999; Lockhart et al., 1997; Enger et ah, 2001). The hybridisation patterns 

generated by these probes must be accommodated for com puter-assisted analysis, storage 

and interpretation. The final interpretation must involve a measurement o f similarity o f  the 

data collected for every possible pair o f  isolates analysed. DNA fingerprinting methods 

using complex fingerprinting probes are now considered the gold standard method for 

fingerprinting Candida  species for studying populations o f isolates (Soil, 2000). However, 

this technique is considered labour-intensive and time-consuming and therefore it is not 

amenable for the rapid analysis o f a large number o f strains.

1.3.4 Random am plified polymorphic DNA analysis

Random am plified polym orphic DNA analysis (RAPD) uses PCR technology to 

rapidly differentiate between individual Candida  strains belonging to a particular species. 

However, RAPD differs from PCR in that it makes use o f  random primers o f short length 

(approximately 10-15 bp) in a PCR reaction with low annealing temperatures. Amplified 

products are separated on an agarose gel and stained with ethidium bromide. The RAPD 

method o f DNA fingerprinting has been popular for all infectious fungi including C. 

albicans (Del Castillo et al., 1997; Clemons et al., 1997), C. dubliniensis (Coleman et al., 

1997b), C. parapsilosis  (Lott et al., 1993) and others (King et al., 1995; Boekhout et al., 

1997). The technique, how ever, has the problem  o f  poor reproducibility  between 

laboratories. Reproducibility is usually affected by the methodological aspects o f the PCR 

including prim er to template ratio, differences in the brand o f PCR machine, temperature 

during amplification reaction and concentration o f magnesium in the reaction mixture (Soil, 

2000). Variations within laboratories have also been observed due to differences in batches 

o f Taq polym erase (Loudon et al., 1995). On the other hand, since little sample DNA is 

needed for RAPD and that PCR is rapid and easy to perform, RAPD has been used widely 

in the analysis o f  Candida populations.
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1.3.5 Electrophoretic karyotyping

During karyotyping, yeast chromosome-sized DNA fragments are separated 

according to size through agarose gels using an alternating electric field. Pulsed field gel 

electrophoresis (PFGE) can be used to discriminate between individual strains because the 

sizes o f individual chromosomes can vary widely within different Candida species. This 

technique has been used successfully in Candida epidemiology including C  albicans (Bart- 

Delabesse et a i ,  1993; Lott et a i ,  1993; Vazquez et a i,  1993; Barton et a l,  1995). 

However, it was demonstrated that the karyotype patterns varied among unrelated isolates 

of C. albicans. Using Southern blot hybridisation with cloned genes as probes, Thrash- 

Bingham & Gorman, (1992) demonstrated that in spite of karyotypic variability among 

strains o f  C. albicans, the general genomic organisation was maintained and that 

translocations contributed to karyotypic variability (Thrash-Bingham & Gorman, 1992). 

Nevertheless, Soli (2000) indicated that PFGE is not a technique that fulfil the necessary 

requirements for fingerprinting independent isolates of Candida species since the method is 

unsuitable. Soil, (2000) suggested a modified method to increase the resolution by 

digesting chrom osom e-length DNA with endonucleases prior to pulsed-field gel 

electrophoreses (Soli, 2000).

1.3.6 Multilocus sequence typing (MLST)

Multilocus sequence typing (MLST) was introduced in 1998 by Maiden et al., (1998) 

as a molecular typing method for Neisseria meningitidis. It has now been extended to 

involve a wide variety of bacterial species and some pathogenic fungi such as C. albicans, 

C. glabrata, Histoplasma capsulatum, Aspergillus flavus, Coccidoides immitis (Bougnoux 

et al., 2004). Sequencing o f a variety o f housekeeping genes is the preferred method for 

measuring relationships between species and within species. Furthermore, these genes are 

usually selected based on the assumption that they are under stabilising selective pressure 

(Soil, 2000).

Multilocus sequence typing (MLST) is a highly discriminatory method based on the 

analysis o f nucleotide polymorphisms within the sequences o f the internal fragments 

(400-500 bp) of housekeeping genes (loci). For each housekeeping locus, the different 

sequences are assigned as distinct alleles, and for each isolate, the alleles at each of the 

sequenced loci define an allelic profile or sequence type. Each isolate of a species is
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therefore characterised  by a series o f integers that correspond to the alleles at the 

houskeeping loci studied (Bougnoux et al., 2002). M LST is a highly reproducible method 

with the major advantage o f generating standardised data. However, so far no DNA region 

has been selected for sequencing to provide a highly accurate genotype within different 

species and it is only been exploited mainly for the analysis o f haploid microorganisms. In 

this regard, the application o f MLST to diploid organisms including C. albicans is subject 

to several constraints (Soli, 2000).

1.4 Antifungal agents used in the treatment of Candida infections

The need for antifungal agents has risen dramatically over the last decade due to the 

increase in the num ber o f im munocom prom ised patients, the em ergence of refractory 

fungal species and the development o f  resistance (Pfaller et al., 1994a & b; Redding et al., 

1994; Ruhnke et al., 1994; Ghannoum & Rice, 1999; Harbarth et al., 1999). Most o f  the 

antifungal agents used clinically, except for 5-FC, target the ergosterol biosynthetic 

pathway and this m echanism  include azoles, polyenes, allylam ines and m orpholine 

derivatives (W hite et al., 1998).

1.4.1 Azole derivatives

Azole derivatives are a class o f  antifungal agents which are characterised into N-1 

substituted imidazoles (ketoconazole, clotrimazole, miconazole ) and triazoles (fluconazole, 

itraconazole) and the new generation o f azoles (posaconazole, ravuconazole and 

voriconazole). Azole derivatives inhibit the synthesis o f lanosterol 14a-dem ethylase (Erg 

11 p), an enzyme w hich is encoded by the ER G  11 gene. This enzyme involved in the 

synthesis o f ergosterol which is the major sterol in the fungal plasm a membrane and is 

im portant for the survival and integrity o f the membrane and cell growth and division 

(Ghannoum & Rice, 1999).

O ther enzym es which were reported to be a target for azole antifungals were the 

enzyme sterol C22-desaturase, involved in the last step o f  ergosterol biosynthesis and the 

enzyme NADPH-dependent 3-ketosteroid reductase (Vanden Bossche et al., 1994; Kelly et 

al., 1997).
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Azoles are active against wide range o f C andida  species and each azole antifungal 

agent has distinct pharmacokinetics. Some azoles derivatives are, however, more active 

than others. For exam ple, fluconazole is totally ineffective against C. krusei (Zhao & 

Calderone, 2002; Sanglard, 2002; Sanglard & Bille, 2002). Azole antifungal agents are 

only fungistatic against most yeast species, with the exception o f C. neoformans.

1.4.2 Polyenes

Polyene antifungals are a class o f natural antifungal compounds discovered in the 

early 1950s. Amphotericin B and nystatin are considered the most commonly used polyene 

antifungals. Amphotericin B is a broad spectrum fungicidal compound primarily used in the 

treatment o f systemic fungal infections (Zhao & Calderone, 2002), whereas nystatin has 

proven a useful m edication for topical therapy o f  superficial candidosis (Ghannoum & 

Rice, 1999). The primary mode o f action o f polyenes is achieved through the binding o f the 

polyene antifungal agents to ergosterol, the major sterol com ponent o f  the fungal cell 

m em brane, which results in aqueous pores in the m em brane that are com posed o f 

aggregates o f drug and ergosterol. This results increased membrane permeability, leakage 

o f vital cytoplasmic components and finally death o f the organism (Ghannoum & Rice, 

1999). It has also been suggested that amphotericin B causes oxidative cell damage which 

could contribute to its fungicidal effect (Ghannoum & Rice, 1999). However, amphotericin 

B therapy is associated with renal toxicity; long-term kidney damage may occur if renal 

function is not carefully monitored during the course o f intravenous therapy. In order to 

reduce the toxicity associated with amphotericin B treatment, new liposomal formulations 

o f  amphotericin B have recently been introduced that have been associated with less severe 

toxic side effects (Richardson & Kokki, 1998; Ghannoum & Rice, 1999). The inherent 

toxicity o f polyenes to mammalian cells is thought to lie in their affinity for cholesterol, the 

principal sterol o f mammalian cell membranes (Zhao & Calderone, 2002).

1.4.3 5-fluocytosine

5-FC was first introduced in the 1950s to treat cancerous tumors. It is a fluorinated 

pyrim idine that has been used to treat infections caused by Candida  species, Aspergillus 

species and C. neoformans (Ghannoum & Rice, 1999). W hen 5-FC enters the cell o f  a 

susceptible yeast, it is converted to to 5-fluorouracil (5FU) by the enzym e cytosine
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deaminase. 5-fluorouracil is then converted by uridine monophosphate pyrophosphorylase 

(UMPP) into 5-fluorouridylic acid, which is incorporated into RNA resulting in aberrant 

protein synthesis and inhibition o f fungal cell growth (Ghannoum & Rice, 1999; White et 

al., 1998). Thus, 5-FC acts by interfering w ith pyrim idine metabolism, RNA, DNA and 

protein synthesis in the fungal cell. 5-FC is water soluble so it can be administered orally 

and intravenously. However, the use o f 5-FC as monotherapy is not recommended due to 

the high incidence o f resistance to this compound in Candida  species (Vanden Bossche et 

al., 1994). It is therefore used in com bination w ith other antifungal agents, mainly 

am photericin B. In addition, many clinically im portant fungal species exhibited high 

prevalence o f  prim ary resistance to 5-FC (e.g. C. albicans, C. glabrata, C. krusei, C. 

tropicalis and C. neoformans) (Coleman et al., 1998; Ghannoum & Rice, 1999; Sanglard & 

Bille, 2002). Since mammalian cells lack the enzyme cytosine deaminase, 5-FC show little 

toxicity (Sanglard & Bille, 2002). However, it has been reported that intestinal bacteria can 

convert 5-FC into 5FU, thus leading to possible clinical toxicity o f oral formulations 

(Sanglard & Bille, 2002).

1.4.4. Allylamine

Allylamine compounds target squalene epoxidase, the first poslsqualene enzyme of 

the ergosterol biosynthetic pathway. Allylamine compounds are reversible, noncompetitive 

inhibitors o f the epoxidase and their inhibitory effect is thought to be caused by ergosterol 

depletion and squalene accum ulation. The latter is thought to increase m em brane 

permeability, leading to disruption o f  cellular organisation (Ghannoum & Rice, 1999). The 

main allylamine compounds in clinical use are terbinafine, which can be used topically or 

systemically, and the topical agent, naftifine. Terbinafine is the antifungal drug o f choice 

for the treatment o f  superficial mycoses caused by dermatophytes (Ryder et al., 1998). 

A lthough terbinafine is fungicidal against dermatophytes and filamentous fungi, it is only 

fungistatic against the m ajority o f  C and ida  species including C. albicans  and C. 

dubliniensis (Ryder et al., 1998; Sanglard & Bille, 2002).

1.4.5 Morpholine derivatives
The only m orpholine derivative used clinically is am orolfine. The m orpholine

derivatives are totally synthetic compounds that inhibit two enzym es o f  the ergosterol 

biosynthetic pathway, the C-14 sterol reductase and C-8 sterol isomerase. These enzymes
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are encoded by the ERG 24  and ERG2  genes, respectively. Since am orolfine-m ediated 

inhibition o f growth results in the formation o f  ignosterol, a sterol by-product which was 

shown to accumulate in erg24 null mutants o f  S. cerevisiae, it has been suggested that C-14 

sterol reductase is the primary target o f am orolfine (Crowley et al., 1996). Clinically, 

im orolfm e is restricted to topical use in the treatm ent o f derm atophyte infections and 

/ulvovaginal candidosis (Sanglard & Bille, 2002).

1.4.6 Cyclic lipopeptides
Cyclic lipopeptides antifungal agents o f  the echinocandin class are targeting the

'ungal cell wall as an essential com ponent o f  the cell. The developm ent o f  the

jchinocandins has helped to fill the need for more efficacious antifungals that are useful

across different patient populations and have a good safety profile. It has been suggested

'.hat these antifungal agents block cell wall synthesis by inhibiting the enzyme P-1,3 glucan

synthase which is part o f the glucan polymers o f  most pathogenic fungi (Kurtz & Douglas,

997). The echinocandin chemical family includes three antifungal agents, caspofungin,

micafungin and anidulafungin. Anidulafungin is an intravenousl administered echinocandin

being developed to treat mucosal and invasive fungal infections. Caspofungin, however,

has been proven to be effective in the treatm ent o f  oropharyngeal and oesophageal

candidosis and is particularly indicated in the treatm ent o f  invasive aspergillosis.

Micafungin is fungicidal to susceptible yeast species, fungistatic against Aspergillus species

but has no activity against C. neoform ans, Trichosporon  species or Fusarium  solani

(Boucher et al., 2004).

1.5 Antifungal drug resistance

1.5.1 Definition o f  antifungal drug resistance

In a clinical setting, antifungal drug resistance is defined as the failure o f treatment 

and the progression or persistence o f infection despite appropriate antifungal drug therapy 

(White et al., 1998). There are many reasons why a fungal infection does not respond to 

antifungal agents, including the immune status o f the patients, the characteristics o f  the 

drug, patient compliance, presence o f a protected or persistent focus o f infection and the 

susceptibility o f the pathogen to the drug (white et al., 1998; Sanglard et al., 2002). Fungal
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species can be classified as either possessing primary resistance to drugs which is an 

intrinsic resistance present before exposure to antifungal drugs or a secondary resistance 

(aquired) which is a resistance that develops during the course o f therapy and may be stable 

or reversible (Vanden Bossche et al., 1994; white et a l ,  1998; Sanglard & Bille, 2002). In 

Candida species, primary resistance to 5-FC is common, whereas primary resistance to 

amphotericin B is considered rare. Both primary and secondary resistance to azole drugs 

has been described in Candida species.

1.5.2 Resistance to azoles

Primary and secondary resistance to azole antifungals in Candida species, particulary 

resistance to fluconazole, is well documented in the literature. The first reported case of 

resistance to an azole antifungal was in C. albicans against miconazole and ketoconazole 

(Johnson et al., 1995). Prophylaxis and prolonged treatment with fluconazole have been 

linked with the emergence of fluconazole-resistant Candida isolates especially among HIV- 

positive and AIDS patients with oral candidosis (Bille, 2000). Laguna et al. (1997) have 

reported the incidence o f C, albicans isolates with reduced susceptibility to fluconazole in 

HIV-infected patients to be as high as 50% (Laguna et al., 1997). Following the use of 

azole antifungals for a wide variety o f clinical settings and the development of antifungal 

resistance, the recovery o f isolates of non-C. albicans Candida species with elevated azole 

MICs has increased (Price et al., 1994; Nguyen et al., 1996; White et al., 1998). 

Interestingly, initial reports o f fluconazole-resistant Candida isolates involved non-C. 

albicans species such as C. glabrata and C  krusei (Chavanet et al., 1994).

Fluconazole resistance is often associated with cross-resistance to other azoles 

(Johnson & Warnock, 1995; Rex et al., 1995 & 1997; Klepser et al., 1997). While C. 

albicans isolates are generally susceptible to fluconazole, C. krusei isolates are considered 

to be intrinsically resistant to this drug (White, et al., 1998; Moran, et a l, 2002). Acquired 

fluconazole resistance in C  glabrata generally develops more rapidly than in C, albicans 

isolates because of the haploid nature of C. glabrata (Warnock, 1992).

1.5.3 Resistance to polyene antifungals

Aquired resistance in Candida species has remained rare despite more than 30 years 

of clinical use. However, intrinsic resistance to amphotericin B is common for C. lusitaniae
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isolates (Sanglard, 2002). The development o f  amphotericin B resistance in clinical isolates 

o f C. albicans has also been reported (Kelly et al., 1997; Nolte et al., 1997). Theses C. 

albicans clinical isolates were recovered from HIV-infected and leukaemic patients and 

exhibited cross-resistance to fluconazole.

Vazquez et al, (1998) demonstrated that amphotericin B-susceptible C. albicans cells 

exposed overnight to sub-inhibitory levels o f fluconazole or itraconazole in vitro lead to the 

development o f am photericin B resistance. However, this potential in vitro  selection o f 

resistance to amphotericin B following exposure to fluconazole is not thought to have a 

significant clinical impact.

Amphotericin B requires the presence o f ergosterol in the fungal cell membranes.for 

it to function. However, most polyene-resistant isolates have reduced ergosterol content in 

their membranes (Vanden Bossche et al., 1994; white et al 1998). Since amphotericin B 

requires the presence o f ergosterol to cause damage to fungal cells, the replacement o f 

ergosterol in fungal cell membranes by other sterols is thought to mediate resistance to this 

drug. It has also been suggested that resistance to am photericin B can be mediated by 

increased catalase activity which leads to a decreased susceptibility to oxidative damage 

caused by this agent (Sanglard & Bille, 2002).

1.5.4 Resistance to 5-FC

Microbiological resistance to 5-FC can be intrinsic or aquired. Acquired resistance to

5-FC is a common development in patients receiving 5-FC monotherapy (W hite et al., 

1998). As a result, 5-FC is best used in combination with other antifungal agents such as 

amphotericin B rather than as a single therapeutic agent (Ghannoum & Rice, 1999; White 

et al., 1998). Investigations on the molecular m echanisms o f resistance have shown that 

prim ary resistance to 5-FC is usually the result o f a m utation in cytosine deaminase as 

observed in S. cerevisiae and C. glabrata. Secondary resistance to 5-FC in C. albicans is 

due primarily to a decrease in the activity o f uracil phosphoribosyl transferase (UPRTase), 

which is involved in the synthesis o f 5-fluorouridine monophosphate (5-FUMP) (White et 

al., 1998). Bille, (2002) estimated that 10% o f C. albicans clinical isolates are intrinsically 

resistant to 5-FC and that 30% will develop secondary resistance.
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1.5.5 Azole susceptibility in C. dubliniensis

The relationship between fluconazole usage and the emergence of C. dubliniensis 

remains controversial. It has been suggested that the increased use of fluconazole treatment 

during the 1990s lead to a shift toward non-C. albicans Candida species which have the 

ability to successfully colonise the oral cavities of HIV-infected individuals receiving long 

term therapy with this drug. Evidence to support this suggestion was provided by Borg-Von 

Zepelin, et al. (2002) who showed that in the presence of fluconazole, the adherence of C  

dubliniensis to epithelial cells increased while the adherence o f C. albicans was decreased 

under the same conditions. However, the majority of C. dubliniensis isolates are susceptible 

tc the most commonly used antifungals (Moran et a/., 1997; Kirpatrick et a l,  1998; Odds et 

a,., 1998; Meiller et al., 1999; Pfaller et a l ,  1999a & b; Jabra-Rizk et al., 1999b and 2000; 

Brandt et a l, 2000; Polacheck et a l, 2000). Pfaller et al. (1999a) in an exhaustive study, 

showed that 69/71 (97%) of the C. dubliniensis isolates tested were susceptible to 

flaconazole. In the study, resistance was defined as MIC > 64 |ig/ml, as recommended by 

the NCCLS (1997). However, isolates with dose-dependent susceptibility have also been 

reported in other studies (Moran et a l ,  1997; Kirkpatrick et a l ,  1998; Odds, 1998). 

Compared to C. albicans, C. dubliniensis geometric mean MICs for fluconazole, 

itraconazole and ketoconazole tend to be significantly and consistently higher than those of 

C. albicans isolates (Odds, 1998). Furthermore, sequential exposure o f fluconazole- 

susceptible clinical isolates of C  dubliniensis to increasing concentrations of fluconazole in 

agar medium resulted in the recovery of fluconazole-resistant derivatives (MIC range 16-64 

Hg/ml) (Moran et al., 1997 & 1998). Moran et al. (1998) analysed the mechanism of 

resistance to fluconazole in both in vitro -generated fluconazole resistant derivatives and in 

fluconazole-resistant clinical isolates of C. dubliniensis. Overexpression o f the MDRl 

homologue, CdM DRl in C. dubliniensis has been shown to be involved in mediating 

reduced accum ulation o f drug in fluconazole-resistant clinical isolates and in 

v;7ro-generated derivatives (Moran et al., 1998). The importance of C d M D R l  in 

fluconazole resistance was later confirmed when both alleles o f the gene CdMDRl were 

deleted in the fluconazole-resistant strain CM2 which rendered the deletion derivative 

susceptible to fluconazol (Wirsching et al., 2001). Upregulafion o f CdCDRl, the C DR l  

homologue from C. dubliniensis has been observed in fluconazole-resistant clinical isolates 

and in v/Yro-generated derivatives (Moran et al., 1998). However, in a subsequent study,
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Moran et al. (2002) demonstrated that while CdCdrlp is important for mediating reduced 

susceptibility to itraconazole and ketoconazole, it is not required for fluconazole resistance. 

In contrast, in C. albicans, resistance to fluconazole is mainly associated with 

overexpression of C D R l (Moran et al., 1998). Recently, the molecular mechanisms 

responsible for reduced susceptibility to azole drugs in C. dubliniensis genotype 3 isolates 

obtained from an AIDS patient with fluconazole-resistant oral candidiasis was investigated 

(Pinjon et al., 2005). In contrast to previous studies, results showed that the reduced 

susceptibility to azole drugs in these isolates was associated with increased energy- 

dependent efflux mechanisms mediated by the overexpression of the CdCDRl and 

CdCDR2 genes and not with overexpression of the multidrug transporter CdMDRI (Pinjon 

et al., 2005). Furthermore, Moran et al. (2002) investigated the reasons for the differential 

regulation of C D R l expression in C. albicans and C. dubliniensis. The investigators 

reported the high prevalence (14/24, 58%) o f a nonsense mutation in the CdCDRl gene 

encoding a non-functional CdCdrlp protein amongst C. dubliniensis isolates (Moran et al., 

2002). Resistance to other antifungal drugs such as ketoconazole, amphotericin B has not 

yet been reported in C. dubliniensis (Ryder et a l ,  1998; Pfaller et a l,  1999a). However, 

itraconazole resistance in C  dubliniensis has been reported in vitro by serial exposure to 

itraconazole (Pinjon et al.., 2003). It was found that the resistant derivatives had mutations 

in CdERG3 alleles encoding the sterol C5,6-desaturase enzyme which results in altered 

membrane permeabilities in itraconazole-resistant derivatives (Pinjon et al., 2003).
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Aims of the study

Candida dubliniensis is a recently defined species which was originally identified in 

cases o f  recurrent oral candidosis in HIV-infected and AIDS patients (Coleman et a l ,  

1997a & b; Ponton  et a l., 2000). R ecen tly  it has been  repo rted  in o ther 

im m unocom prom ised groups such as diabetics and in patients with cancer (Sebti et al., 

2001; M anfredi et al., 2002). M ost o f the studies on C. dubliniensis were from isolates 

recovered in N orth A m erica and Europe. Therefore, there is very little inform ation 

available on the epidemiology or population structure o f C. dubliniensis for other part o f 

the world including the Middle East. In addition, in-depth epidemiological analyses o f  C. 

dubliniensis has been hampered by the lack o f a simple, accurate, inexpensive phenotypic 

test capable o f  differentiating C. dubliniensis from C. albicans in most clinical mycology 

laboratories.

•  The first aim o f this study was to evaluate the potential use o f  differential culture 

media, including bird seed agar (Staib agar), sunflower seeds agar (Pal's agar), tobacco 

agar and casein agar to distinguish isolates o f  C, dubliniensis from C. albicans using 

large collections o f  well characterised isolates o f  both species from different 

geographical locations.

•  The second aim o f this study was to investigate the oral mycological flora in a cohort o f 

patients receiving palliative care for advanced cancer with a particular reference to the 

prevalence o f  C. dubliniensis in this population. Susceptibility to fluconazole and 

itraconazole was also investigated by standard methods.

•  The third aim o f the present study was to investigate the population structure o f  C. 

dubliniensis oral isolates from Saudi Arabia and Egypt recovered from HIV-negative 

patients using Cd25-generated fingerprint profile analysis and genotyping based on the 

nucleotide sequence o f the ITS region o f the rDNA gene cluster. In addition, since two 

recent studies reported an unusually high prevalence o f 5-FC resistance among C. 

dubliniensis isolates from Saudi Arabia and Kuwait (Fotedar & Al Hedaithy, 2003; 

Ahm ad e t  al., 2004), it was decided to investigate the susceptibility o f  the C. 

dubliniensis isolates recovered form Saudi A rabia and Egypt to 5-FC and further 

investigate the molecular mechanism involved in resistance o f the isolates tested.
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Chapter 2 

Materials and Methods
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2.1 General M icrobiological M ethods

2.1.1 Culture media and growth conditions

All Candida  strains and clinical isolates were routinely cultured on Potato Dextrose 

Agar (PDA) medium (Oxoid, Basingstoke, Hants., UK) at pH 5.6 at 37°C for 48 h. For 

liquid culture, isolates were routinely grown in Yeast Peptone Dextrose (YPD) broth (per 

litre: 10 g yeast extract [Oxoid], 20 g peptone [Difco, Detroit, MI, USA], 20 g glucose, pH 

5.5) at 37°C for 18 h in a Gallenkamp (M odel G25) orbital incubator (New Brunswick 

Scientific Company Inc., Edison, New Jersey, USA) set at 200 rpm.

The Escherichia coli strain XL2-Blue MRF' {T){mcrA]183 ls[mcrCB-hsdSMR- 

mrr\173 endAl supE44 thi-1 recA l gyrA96 relAl lac[¥'proAB lacI'iZAM l5 T n ] 0 (Tet^) 

Amy Cam’̂ ]^’*̂ ; Sambrook et a l ,  1989) was routinely cultured on Luria-Bertani agar (LA), 

pH 7.4 (Lennox, 1955), at 37°C, and for liquid culture, in Luria-Bertani broth (LB), pH 7.4 

(Lennox, 1955), at 37°C for 18 h in an orbital incubator (G allenkam p) at 200 rpm. 

Escherchia coli XL2-Blue MRF' was used as the host strain for plasmid pBluescript II KS 

(-) (S tratagene, La Jolla, California, USA) and its recom binant derivatives and was 

maintained on LA containing 100 fig ampicillin/ml.

Escherichia coli strain LE 392 {supEAA, supF58, hsdR5\A, g a lK l ,  galT22, metBl,  

trpR55, lacYX) was used as the host for recom binant Lam bda bacteriophage and was 

cultured on LA medium supplemented with 10 mM M gS04 and 0.2% (w/v) maltose as 

described by Sambrook et a l ,  1989). For liquid culture, organisms for phage infection were 

routinely grown in LB medium containing 0.01 M MgS04 and 2% (w/v) maltose at 37°C 

for 18 h in an orbital incubator set at 200 rpm.

2.1.2 Chemicals, enzymes, radioisotopes and antifuungal drugs

All chemicals used were o f analytical-grade or m olecular biology-grade and were 

purchased from Sigma-Aldrich Ltd. (Tallaght, Dublin, Republic o f Ireland), BDH (Poole, 

Dorset, U.K.) or from Roche Diagnostic Ltd. (Lewes, East Sussex, UK). Enzymes for 

m olecular biology procedures were purchased from the Promega Corporation (Madison, 

W isconsin, USA.), Roche D iagnostics Ltd. or N ew  England Biolabs Inc. (Beverley, 

M assachusetts, USA). DNA molecular weight markers were purchased from Gibco BRL
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Life Technologies (Gaithersburg, M aryland, USA) and Promega. [a-^^P]dATP (6,000 Ci 

mmol; 222 TBq /mmol) was purchased from Amersham International Pic. (Little Chalfont, 

Buckinghamshire, UK). Custom-synthesised oligonucleotides were purchased from Sigma- 

Genosys Biotechnologies Europe Ltd. (Pampisford, Cambridgeshire, UK).

Fluconazole powder was a gift from Pfizer Central Research (Sandwich, Kent, UK) 

and was dissolved in 10% (v/v) dim ethyl sulfoxide at a concentration o f 1 mg/ml. 

Itraconazole was a gift from Janssen Pharmaceuticals (Cork, Republic o f  Ireland) and was 

dissolved in dimethyl sulfoxide with the aid o f  heating to 70°C at a concentration o f 1 

mg/ml. 5-fluorocytosine (Sigma-Aldrich Ltd.) was dissolved in water at a concentration o f 

1 mg/ml.

Zymolyase 20T (21,600 U/g) was purchased from the Seikagaku Corporation (Tokyo, 

Japan). RNase solutions were prepared by dissolving pancreatic RNase (RNase A, Roche) 

at a concentration o f 10 mg/ml in 10 mM Tris-HCl (pH 7.5), 15 mM NaCl. This solution 

was boiled for 15 min to inactivate any DNases, allowed to cool to room temperature and 

stored at -20°C. Proteinase K (Roche) solutions were prepared in sterile distilled water at a 

concentration o f 20 mg/ml and also stored at -20°C. DNA molecular weight markers were 

purchased from Gibco BRL Life Technologies (Gaithersburg, M adison, USA) and from 

Promega.

2.1.3 Buffers and solutions

Tris-EDTA (TE) buffer was used routinely in many experiments and consisted o f 10 

mM Tris-HCl, 1 mM EDTA, pH 8.0. TBE buffer was prepared at 5x concentration and 

consisted o f  0.45 M Trizma base, 0.45 M boric acid, 0.01 M EDTA. This was diluted in 

distilled w ater to 0.5x concentration and was used as the buffer for agarose gel 

electrophoresis. DNA loading dye was also prepared at lOx concentration and consisted o f 

30% (v/v) glycerol. 0.25% (w/v) bromophenol blue and 3.8% (w/v) EDTA.

SSC buffer was prepared at 20x concentration and consisted o f  3.0 M NaCl, 0.3 M 

tri-sodium citrate, pH 7. Liquefied phenol washed in Tris-buffer was purchased from Fisher 

Scientific Ltd. (Bishop Meadow Road, Loughborough, UK) and used in the preparation of 

phenol chloroform  (1:1), which was prepared by mixing an equal volume of liquefied 

phenol and chloroform. This solution was stored at 4°C for up to two months in the dark.
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Phosphate buffered saline (PBS) was prepared at lOx concentration and contained 1.45 M 

NaCl, 0.33 M NaH^PO^ 0.95 M Na2HP0 4  pH 7.5.

RNase solutions were prepared by dissolving pancreatic RNase (RNase A) at a 

concentration o f  10 mg/ml in 10 niM Tris-HCl (pH 7.5), 15 mM NaCl. This solution was 

boiled for 15 min to inactivate any DNases, allowed to cool to room temperature and stored 

at -20°C.

2.1.4 Storage of Candida strains and isolates

Candida strains and clinical isolates were maintained on plastic beads in Protect cryo- 

vials (Technical Service Consultants Ltd., Lancashire, UK) at -70°C. Cells were activated 

by sub-culture onto PDA plates and incubated for 48 h at 37°C.

2.2 Identification of Candida isolates

2.2.1 Chlamydospore production

Candida dubliniensis isolates were tested for their ability to produce chlamydospores 

on rice-agar-Tw een m edium  (RAT medium, bioM erieux, M arcy I'Etoile, France) as 

described by Sullivan et al. (1995). Test isolates were cultured on PDA for 24-48 h at 37°C. 

Single colonies (3-4 mm diameter) were removed from PDA plates with a sterile wire loop 

and used to inoculate the RAT medium by cutting shallow grooves in the surface o f  the 

agar medium. A glass coverslip was then placed over the inoculated area to create semi- 

anaerobic conditions and the plate was incubated at room tem perature for 2-3 days in the 

dark. Plates were stained by spotting lactophenol cotton blue stain directly onto an 

inoculated RAT agar plate to enhance the detection o f chlamydospores. Lactophenol cotton 

blue p referen tially  stains chlam ydospores m ore in tensely  than  suspensor cells, 

pseudom ycelium , and blastospores (Larone, 1993). The stained area was recovered by 

replacing the coverslip. Plates were then examined microscopically (x 40 objective lens) 30 

min after staining for the presence o f pseudohyphae, hyphae and chlamydospores. The C. 

albicans oral reference strain 132A (Gallagher et al., 1992) and the C. dubliniensis type 

strain CD36 (Sullivan et al., 1995) were used as positive controls for chlam ydospore 

production in all tests.

40



2.2.2 Carbohydrate assimilation profiles

Biotyping was carried out using the API ID32C yeast identification system 

(bioMerieux) which identifies Candida  isolates to the species level using a series of 

standard substrates contained in 32 separate cupules on a plastic strip with a specially 

adapted database (Pincus et a l ,  1999). Tests were carried out according to the 

manufacturer's instructions. For each test isolate, an inoculum was prepared from 24-48 h- 

old colonies cultured on PDA medium. Four colonies of 3-4 mm in diameter were 

resuspended in sterile water to a turbidity equivalent to a 2 McFarland standard. This 

suspension was then used to inoculate an aliquot of 'C medium', which was supplied by the 

manufacturers. Each of the cupules in the strip was then inoculated with 135 |al of the C 

medium suspension and incubated for 48 h at 30°C. Readings were made at 24 h and 48 h 

by visually assessing the growth of the test isolate in each of the cupules compare to that in 

the negative control cupule. The presence or absence of growth was recorded for each 

cupule on a result sheet supplied by the manufacturers, and the substrate assimilation 

profile of the isolate was converted into an eight-digit numerical profile. These profiles 

were then cross-referenced in the APILAB ID32C software package (version 3.3.3) 

(bioM erieux). In the database, each profile is listed along with a percentage of 

identification (% id), which is an estimate of how closely the profile corresponds to that of 

a particular taxon, relative to all the other taxa in the database and the T index, which is an 

estimate of how closely the profile corresponds to the most typical set of reactions for a 

particular taxon. Based on these parameters, a set of reactions which closely resemble those 

of a particular taxon will be classed as an 'excellent' or 'good' identification, and will yield 

an identification to the species level, whereas atypical results will be classed as having 

'poor' or 'low' discriminatory powers and are usually unable to yield a reliable 

identification.
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2.2.3 Growth at 45 °C

All isolates were tested for the ability to grow on PDA at 37°C and 45°C. Most 

Candida albicans isolates grow at both temperatures, whereas C. dubliniensis isolates w'ere 

found to grow well at 37°C, but not at 45°C (Pinjon et a l ,  1998).

®2.2.4 Growth on CHROMagar Candida medium

C H R O M ag a r Candida is a com m ercially available agar m edium  containing 

chrom ogenic substrates, which allow colonies o f several m edically im portant Candida  

species to be presum ptively identified on the basis o f  colony colour and morphology. 

Colonies o f C. albicans  (light green colonies), C. glabrata  (pink colonies), C. krusei 

(rough, spreading colonies with pale pink centers and a white edge) and C. tropicalis 

(purple) can easily be distinguished from each other upon prim ary isolation, and the 

medium has been shown to be clinically useful in the presumptive identification o f these 

species (Odds & Bernaerts, 1994). Candida dubliniensis  colonies following primary 

isolation from clinical samples are dark green on this medium but can lose the ability to 

yield dark green colonies following subculture or storage (Schoofs et a l ,  1997; Coleman et 

a l ,  1997a; Kirkpatrick et al., 1998).

2.2.5 PCR identification o f  C. dubliniensis

A single colony from a culture grown for 48 h at 37°C on PDA or CHROM agar 

Candida medium was suspended in 50 |il sterile distilled water. Cell suspensions were 

boiled for 10 min and the lysed cells subjected to a clearing spin for 5 min at 20, 000 x g in 

an Eppendorf (model 5417C) microfuge (Eppendorf, Hamburg, Germany). Template DNA 

contained in 25 |il supernatant was used for PCR amplification (Donnelly et al., 1999).

PCR identification o f  C. dubliniensis using the C. dubliniensis-s,\iQcii\c primer pair 

DUBF/DUBR (Donnelly et al., 1999) was carried out in a 50 |j1 final volume containing 10 

pmol each o f the forward and reverse primers, 2.5 mM M gClj, 10 mM Tris/HCl (pH 9.0 at 

25°C), 10 mM KCl, 0.1 % (v/v) Triton X-100, 2.5 U Taq DNA polymerase (Promega) and 

25 )il template DNA. Each reaction mixture also contained 10 pmol each o f the universal 

fungal primers RNAF/RNAR (Fell, 1993), which amplify approximately 610 bp from all 

fungal large-subunit rRNA genes and were used as an internal positive control. Cycling 

conditions consisted o f 6 min at 95°C followed by 30 cycles o f 30 s at 94°C, 30 s at 58°C,
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30 s at 72°C, fo llow ed  by 72°C for 10 min. Am plification products were separated by 

electrophoresis through 2.0 % (w/v) agarose gels containing 0.5 |0,g ethidium bromide/ml 

and were visualised on a U V  transilluminator.

2.3 Isolation of genomic DNA and DNA fingerprinting

2.3.1 Extraction o f  genom ic DNA from  Candida species

Genomic D N A  was prepared from cells grown in 50 ml o f  YPD broth in a 250 ml 

flask (Erlenmyer) at 37°C in an orbital incubator at 200 rpm. for 18 h. Cultures were 

decanted into 50 ml Falcon tubes (Beckton Dickinson, N ew  Jersey, U SA ) and centrifuged 

in a bench top centrifuge (Sepatech M egafuge 1.0, Heraeus, Germany) at 2,500 x for 5 

min. The supernatant was decanted and the pellet was resuspended in 500 |ul o f  a solution 

consisting o f  1 M sorbital, 20 mM phosphate buffer and transferred to 1.5 ml microfuge 

tube. Cell walls were digested by the addition o f  15 mg Zym olyase 20T and incubation at 

37°C for 30 min in a shaking waterbath. The resulting protoplasts were harvested by 

centrifugation at 2 ,500  x g  for 10 min and the pellet was resuspended in 500 îl o f  Ix  TE 

containing 1 % (w /v) sodium dodecyl sulphate (SD S). Proteinase K was added to a final 

concentration o f  2 m g/ml and the cell lysates were incubated for 18 h at 55°C. Protein was 

precipitated by the addition o f  250 |al o f  5 M potassium acetate and incubated on ice for 30 

min. The cell lysates were centrifuged at 2,500 x g  for 10 min. The cleared supernatant was 

extracted three tim es using an equal volum e o f  a mixture o f  phenol-.chloroform (1:1) and 

precipitated with the addition o f  two volum es o f  ice-cold  isopropanol. The resulting 

precipitate was spooled from the solution with a sterile loop and transferred to a fresh 

m icrofuge tube. The D N A  precipitate was then washed in 500 |il ice-cold 70 % (v/v) 

ethanol, dried briefly at room temperature and resuspended in 40 fil sterile distilled water. 

D N A  suspensions were stored at 20°C.

The concentration o f  D N A  samples were assessed by measuring their absorbance at 

26'0 nm using a spectrophotom eter (m odel G enosys 2, ThermoSpectronic, supplied by 

A G B , Dublin, Ireland) and calculating the concentration using the follow ing formula; 1 

unit o f  A 26o= 50 |ig  DN A.
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23.2 Restriction endonuclease digestion o f  genomic DNA and agarose gel electrophoresis 

Large scale restriction endonuclease digestions o f genom ic DNA for Southern 

aralysis were carried out in a 40 |il volume containing 20 U o f restriction enzyme and the 

appropriate restric tion enzym e buffer according to the m anufacturer's instructions. 

Horizontal 0.65 % (w/v) agarose gels made up in 0.5x TBE buffer containing 0.5 |ig/ml 

ethidium bromide per ml were cast into horizontal gel trays. DNA loading dye was added 

to the restriction enzym e-digested DNA samples at a final concentration o f Ix  and the 

samples were loaded into the gel wells. A DNA size standard was loaded on each gel. 

Elictrophoresis was carried out at 64 V with constant current. Gels were visualised on a 

UV transillum inator (w avelength 345nm) and photographed using an ImageStore 7500 

Version 7.22 Gel Documentation System (Ultra-Violet products Ltd (UVP), Cambridge, 

UK).

2.:. 3 Southern transfer o f  DNA from  agarose gels

Follow ing the separation o f  restriction endonuclease digested DNA fragments by 

agarose gel electrophoresis, DNA was transferred to nylon membranes by capillary action 

using the method o f Southern (1975). Reference size standards were marked on the agarose 

gels using sterile Pasteur pipettes The DNA was then depurinated by soaking the gels in 

0.02 M HCl with gentle shaking. Following depurination, the DNA was denatured by 

soaking the gel in denaturation solution (1.5 M NaCl, 0.5 M NaOH) for 45 min with gentle 

agitation, after which the gels were placed in a neutralisation solution (1 M Tris-HCl, pH 

7.5, 1.5 M NaCl) for a further 45 min with shaking.

DNA fragm ents w ere transferred  to M agnaG raph nylon m em branes (M SI, 

W esborough, M assachusetts, USA) by capillary transfer using 20x SSC as the transfer 

buffer according to the method o f Southern (1975). Following transfer, the positions o f 

DNA reference size standards were then marked on the membrane using a ball-point pen. 

The membrane was then rinsed in 2x SSC, dried and baked at 80°C for 1 h to fix the DNA 

or the DNA was fixed using a crosslinker (CL-508, UVI tec, Cambridge, UK) set at 0.120 

J/cm^.
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32
23.4 Random prim er labelling o f  DNA fragm ents with [ a -  PJdATP

DNA fragments were labelled with [a - PJdATP by random prim er labelling using 

tie Prime-a-gene kit purchased from Promega. DNA fragments were denatured by boiling 

for 2-3 min. Denatured DNA was then added to a reaction mixture containing Ix labelling 

biffer, dNTP's (dTTP, dCTP and dGTP), bovine serum album in (BSA), 2 |il o f  [a- 

^"P]dATP (6,000 Ci/mmol; 220 TBq/mmol) and 5 U of Klenow DNA polym erase. The 

nixture was incubated at room temperature for 1-2 h. Unincorporated nucleotides were 

removed prior to hybridisation by passing the reaction m ixture through a colum n 

containing a size exclusion matrix (SigmaSpin™  post-reaction columns, Sigma-Aldrich 

LFd.) following the protocol outlined by the manufacturer.

23.5 Southern hybridisation

H ybridisation reactions were carried out in a rotary oven (Hybaid, Teddington, 

Middlesex, UK) in 25 x 3.5 cm bottles (Hybaid) by the method o f Sambrook et al. (1989). 

N /lon  m em branes were rinsed in 6x SSC prior to hybridisation to remove excess salt. 

Membranes were then prehybridised at 65°C in 15 ml o f  a solution containing Ix 

Denhardt's solution (1 % [w/v] Ficoll, 1 % [w/v] polyvinylpyrrolidone, 1 % [w/v] BSA), 6x 

SSC, 100 ^g/ml denatured salmon sperm DNA and 0.5 % (w/v) SDS for 2 h.

Radiolabelled probe (> 2 x 10  ̂ d.p.m .) was denatured by boiling for five min 

followed by incubation on ice. The denatured probe was then added to the prehybridisation 

solution and incubated with the membrane at 65°C for 18 h. Unbound probe was removed 

from the membranes following hybridisation by washing the membrane in the bottle with a 

solution o f 2x SSC, 0.1 % (w/v) SDS at room temperature for 5 min, followed by a wash at 

room temperature in O.lx SSC, 0.5 % (w/v) SDS for 15 min, and finally a high stringency 

wash at 65°C in O.lx SSC, 0.5 % (w/v) SDS for 30 min. After washing, the membranes 

were wrapped in Saran wrap (Dow Chemical Co., Stade, Germany) and placed in an 

autoradiography cassette w ith a Kodak BioM ax intensifying screen (Eastm an Kodak 

Company, Rochester, New York, USA) and exposed to Kodak Biomax MS-1 X-ray film 

for 24 to 72 h at-70°C. Autoradiograms were developed using Kodak GBX developer and 

fixed in Kodak GBX fixer according to protocols supplied by the manufacturer.
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In order to reuse membranes in subsequent hybridisation experiments, bound probe 

was removed from membranes by immersing them in boiling distilled water, followed by a 

brief rinse in 2x SSC.

2.4 Recombinant DNA Techniques

2.4.1 Small scale isolation o f  plasmid DNA from  E. coli

Small scale preparations of plasmid DNA from E. coli were prepared by the method 

o f Sambrook et al. (1989). Briefly, E. coli cultures were grown overnight in LB medium in 

the presence of selective antibiotic (100 [ig ampicillin/ml in the case of pBluescript II KS 

[-]). A 2 ml aliquot o f this culture was pelleted at 10,000 x g  for 30 s in a microfuge 

(Centrifuge 5417C, Eppendorf) and resuspended in 100 |il ice cold solution 1 (50 mM 

glucose, 25 mM Tris-HCl, 10 mM EDTA, pH 8.0). Cell were lysed by the addition of 200 

l-il solution 2 (0.2 N NaOH, 1% [w/v] SDS) and left on ice for 5 min. Protein was then 

precipitated by the addition of 150 |il solution 3 (5 M potassium acetate, 11.3% (v/v) acetic 

acid). The mixture was vortexed and centrifuged at 10,000 x g  for 5 min in a microfuge. 

The supernatant was transferred to a fresh microfuge tube and extracted once with an equal 

volume of phenol:chloroform (1:1), and the DNA precipitated by the addition of 2 volumes 

o f ice-cold ethanol. The precipitate was pelleted again at 10,000 x g  for 5 min and 

resuspended in 50 |il sterile distilled water. RNA was removed by incubating the DNA 

solution with 0.1 mg/ml RNase A for 30 min.

2.4.2 Polymerase chain reaction (PCR) and purification o f PCR amplimers from  agarose 

gels

Oligonucleotide primers were synthesised by Sigma-Genosys Ltd. (Cambridge, UK) 

and stored at a stock concentration o f 1 mM in sterile water at -20'C. Amplification 

reactions were carried out in 0,5 ml microfuge tubes (Eppendorf) in a thermal cycler 

(Thermo Hybaid Px2, MBS, UK) in 100 |il volumes containing Ix Taq reaction buffer, 1.5 

mM M gCb, 200 |iM (each) dATP, dTTP, dCTP, dGTP (Promega), 300 nM (each) of a 

forward and reverse primer, 100 ng genomic DNA template and 2.5 \} Taq  DNA 

polymerase (Promega).
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Alternatively, if  the PCR product was to be sequenced or cloned into an expression 

vector, the reactions were carried out using the high fidelity proof reading enzyme mix 

Expand High Fidelity PCR System purchased from Roche and the buffers provided by the 

manufacturer. Amplification conditions and specific primers are described in the relevant 

sections.

PCR products were purified using the GenElute PCR DNA purification kit® (Sigma- 

Aldrich Ltd.) or from agarose gels using the W izard M inpreps PCR DNA Purification 

System® (Promega) according to the manufacturers' instructions. Occasionally restriction 

endonuclease-generated DNA fragments were purified from agarose gels using NA45 

DEAE m em branes (Schleicher and Schuell BioScience, Inc., U SA).The NA45 DEAE 

membranes were pre-treated by soaking 1 cm strips in 2 M NaCl for 5 min, followed by 3 

washes in sterile distilled water for 5 min each. The strips were then stored at 4°C in 1 mM 

EDTA, pH 8.0. Fragments were electrophoresed as described in section 2.3.2 in agarose 

gels and viewed on a UV transillum inator (345^^^). Using a clean scalpel blade, a small 

rectangular trough was excised from the gel immediately ahead o f the fragment o f  interest, 

and a piece o f NA45 DEAE paper was placed in the trough and the excised fragment o f gel 

was replaced to hold the paper in place. The electrophoresis was allowed to continue until 

the fragment had run onto the paper, which could be verified by the fluorescent staining of 

the paper with ethidium bromide. The paper was then placed in 0.5 ml 1 M NaCl and 

placed in a water bath at 37°C for at least 1 h to elute the fragment. The DNA solution was 

then extracted twice with iso-butanol to remove the ethidium  bromide, and once with 

phenolxhloroform  (1:1). The DNA was precipitated with two volumes o f ice-cold ethanol, 

pelleted at 10,000 x g  in a microfuge and resuspended in 5-10 |il sterile distilled water.

2.4.3 Ligation o f  DNA fragm ents

Purified DNA fragments were ligated to pBluescript II KS (-) phagemid digested with 

the appropriate restriction enzyme. Ligation o f PCR products to pBluescript was carried out 

via restriction sites which had been designed within the oligonucleotide primers used in the 

amplification reactions. Purified DNA fragments were ligated directly into the appropriate 

restriction enzyme-generated site in the cloning vector. Ligation reactions were carried out 

in a 10 |,il volume, with a 3:1 ratio o f insert to vector DNA in Ix ligase buffer, with 1 U of 

T4 DNA ligase (Promega). Reactions were carried out for 18 h at 25°C.
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2.4.4 Transformation o f  competent E. coli prepared using CaCl2

Transformation o f E. coli with CaCl2 was carried out by the method o f Sambrook et 

al. (1989). Escherichia coli DH5a was inoculated from an overnight broth culture into 100 

ml LB and grown at 200 rpm in an orbital incubator at 37°C for 3 h to an Â qq o f -0 .5 . The 

culture was then decanted into ice-cold 50 ml Falcon tubes and chilled on ice for 10 min. 

Cells were then pelleted by centrifugation at 5,000 x ^ in a Sorvall SS34 rotor (Dupont Co., 

Denver, Colorado, USA) at 4°C for 10 min. Each pellet was resuspended in 10 ml o f ice- 

cold 0.1 M CaCb, and centrifuged as before. The pellets were then resuspended in a 

volume o f 2 ml 0.1 M CaCl2 for each 50 ml o f original culture.

A 200 |nl aliquot o f this cell-suspension was transferred to a sterile microfuge tube on 

ice for each transformation experiment. Plasmid DNA (up to 50 ng) was added to each tube 

and incubated on ice for 30 min. A known amount o f a standard plasmid preparation was 

added to a separate tube as a positive control, and a second negative control tube was also 

included which contained no plasmid DNA. The tubes were then heat shocked at 42°C for 

exactly 1.5 min and rapidly transferred to an ice bath. The cells were then incubated at 37°C 

in a water bath in the presence o f 800 fil LB medium to allow the cells to recover and 

express the antibiotic resistance marker (ampicillin resistance in the case o f pBluescript II 

KS [-]). A 100 )al aliquot o f this suspension was then spread on LA plates containing 

antibiotic (100 fig ampicillin/ml in the case o f pBluescript II KS [-]), 1 mM isopropyl-P-D- 

thiogalactopyranoside (IPTG, Boerhringer Mannheim) and 100 |jg (5-bromo-4-chloro-3- 

indoyl-(3-D -galactopyranoside (X -gal, Roche) and incubated for 20 h at 37°C. 

Recombinants were identified using blue-white selection as described by Sambrook et al. 

(1989).

2.4.5 Extraction o f  recombinant phage lambda DNA

Recombinant phage stocks were maintained at a titre o f approximately 1 x l o "  pfu/ml 

in SM broth (50 mM Tris-HCl, pH 7.5, 100 mM NaCl and 10 mM M gC y supplemented 

with 0.01 %(w/v) gelatin. Phage lysates were prepared from these stocks by the plate 

method o f Sambrook et. al. (1989). Briefly, 100 |xl o f phage stock were mixed with 100 |J.l 

of mid-exponential phage plating bacteria (LE 392, prepared as described in section 2.1.1) 

and incubated for 20 min at 37°C. To this mixture was added 3 ml o f molten (47°C) TB top
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agar (Tryptone 10 g/m l’NaCl 5 g/ml, Bacto Agar 8 g/ml). This was poured onto a 90 mm 

plate containing LM agar (LB agar supplemented with 2 % (w /v) m altose and 0.01 M 

M gSO J. The plate was incubated at 37°C overnight until confluent lysis was achieved. 

Three millitres o f  SM broth were added to the plate and it was stored at 4°C for 1 h. The 

SM and the soft top agar were scraped into a tube using a sterile bent glass rod. The agar 

suspension was incubated with 0.1 ml o f  chloroform with shaking for 15 min at 37°C. The 

tube was then centrifuged at 4000 x g  for 10 minutes at 4°C. Approximately 500 |al o f  

phage stock were propagated to yield 10 ml o f  phage lysate. D N A  was extracted from this 

lysate using the Wizard Lambda Preps DN A Purification System  (Promega) according to 

the manufacturer's instructions. Ten ml o f  phage lysate yielded approximately 5 |0,g o f  

recombinant phage DNA.

2.5 DNA sequence analysis

DN A sequencing was performed commercially by Lark (Saffron Walden, Essex, UK) 

using the dideoxy chain termination method o f  Sanger et al. (1977), using an automated 

Applied Biosystem s 373A  D N A sequencer (Foster City, California, USA) and dye-labelled  

terminators. The sequencing primers used were either the M l3 forward and reverse primers 

or in the case o f  direct sequencing o f  PCR amplimers the PCR primers were used as 

sequencing primers.

Chromatograms were analysed using the 373A Data Analysis program version 1.2.0 

(Applied Biosystem s). Sequence analysis was carried out using the D N A Strider™ version 

1.3f l l  software for D N A  and protein analysis (CEA /Saclay, G if-sur-Yvette, France). 

Searches o f  the EMBL and GenBank databases for nucleotide and amino acid sequence 

similarities were performed using the BLAST series o f  computer programme (Altschul et 

a l ,  1990). A lignm ents o f  nucleotide and amino acid sequences were carried out using 

CLUSTAL W sequence alignment computer program (Thompson et al., 1994).
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2.6 Antifungal drug susceptibility testing procedures

2.6.1 Rodriguez-Tudela and Martinez-Sudrez (1995) modified broth microdilution (BMD) 

assay

The broth microdilution assay was used for susceptibility testing o f C. dubliniensis 

clinical isolates to the antifungals fluconazole and 5-FC and was carried out by the method 

of Rodriguez-Tudela and Martinez-Suarez (1995), which is a modification of the broth 

macrodilution method outlined in the NCCLS document M-27A, a reference standard for 

antifungal susceptibility testing. In the NCCLS M-27A document, the recommended 

medium to be used in the test was RPMI-1640 (Sigma-Aldrich Ltd.). This medium was 

however modified by the addition of 2% (w/v) glucose which gives improved growth with 

C andida  species and allows MIC determination following 24 h incubation at 37°C 

(Rodriguez-Tudela & Martinez-Suarez, 1995). The medium was buffered with 0.165 M 

morpholinepropanesulphonic acid (MOPS) (Sigma-Aldrich Ltd.) and adjusted to pH 7.0 

using a stock solution o f 10 N NaOH. The assay was carried out in sterile 96-well 

microtitre plates (Corning, New York, USA).

Eight MIC determinations were carried out on each 96-well microtitre plate. Wells 

one and twelve of each row were dispensed with 0.1 ml of RPMI-2% (w/v) glucose and 

were used as a sterility control and a positive growth control, respectively. Antifungal 

susceptibility testing was carried out in a final volume of 100 fil in wells two to eleven, 

ranging in concentration from 0.125 to 64 |ag/ml for fluconazole and 0.12 to 128 |ig/ml for 

5-FC.

The inocula were prepared from 24-48 h old PDA plates. Three to four colonies (3-4 

mm in diameter) of each isolate to be tested were resuspended in 3 ml of sterile saline. The 

cell density o f each suspension was adjusted to 1 x 10  ̂ cfu./ml using an Improved 

Neubauer haemocytometer (Neubauer bright line haemacytometer, Hausser Scientific, 

Horsham, USA). This suspension was then diluted in RPMI-2% (w/v) glucose and 10 |il 

aliquots were dispensed in wells two to twelve, yielding a final cell density o f 1 x 10“̂ 

cfu/ml and 1.5 ± 1 cfu/ml for fluconazole and 5-FC, respectively.

Test plates were covered with the lids supplied by the manufacturers, wrapped in 

cling film and incubated for 24 h at 37“C. Prior to spectrophotometric reading of MIC end 

points, the plates were agitated for 2 min using a vortex (Spinmix model, Gallenkamp). End
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points were determined spectrophotometrically by measuring the turbidity in each well at 

405nm (A405) with an automated plate reader (Spectra I; SLT-Labinstruments, Salzburg, 

Austria). An endpoint (IC50), termed the MIC, was determined by the method of Galgiani & 

Stevens (1976) as the lowest drug concentration which fulfilled the criterion VoT > % 7^ + 

0.5(100-%7^), where T is the transmission from a microtitre plate well containing 

fluconazole and the organism being tested, and Tk is the transmission from the fluconazole- 

free growth control well containing the organism being tested. The IC50 represents the drug 

concentration that inhibited growth by 50%, as determined by transmission, compared with 

the growth of controls, as described by (Rodriguez-Tudela & Martinez-Suarez, 1995). All 

tests were performed in duplicate on at least two separate occasions.
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Chapter 3

Development and assessment of novel culture 

media to differentiate between 

C albicans and C, dubliniensis
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3.1 Introduction

Due to the increasing incidence o f fungal infections and the recent em ergence o f 

novel opportunistic fungal pathogens, there is a growing need for the developm ent o f 

simple, rapid, and accurate identification methods for potential fungal pathogens recovered 

in the clinical microbiology laboratory (Reiss et a l ,  1998). This is particularly true for the 

newly described yeast species C. dublin iensis. A lthough first associated w ith oral 

candidiasis in human im munodeficiency virus (H lV )-infected patients (Sullivan et al., 

1995), it has more recently been recognised as a cause o f  superficial and systemic disease 

in HIV-negative individuals (Sullivan et a l ,  1997; Pinjon et al., 1998; M eis et al., 1999; 

Brandt et al., 2000; Polacheck et al., 2000; W illis et al., 2000). The close genotypic 

relationship between C. dubliniensis and C. albicans results in their sharing a broad range 

o f phenotypic characteristics, which hampers the accurate and rapid differentiation o f the 

two species (Sullivan et a l ,  1997). Although the majority o f C. dubliniensis isolates are 

susceptible to currently used antifungal drugs, it has been shown that isolates o f  this 

species, unlike C. albicans, can rapidly develop stable resistance to fluconazole upon 

exposure in vitro  (M oran et al., 1997 & 1998). This ability, the em ergence o f  C. 

dubliniensis world-wide, its growing importance as a cause o f systemic disease, and the 

introduction o f novel antifungal agents all indicate that a thorough investigation o f the 

prevalence and epidemiology o f C. dubliniensis is required. In order to be able to achieve 

this, simple and reliable tests for differentiating C. dubliniensis from C. albicans need to be 

developed. The "gold standard" methods for the identification o f C. albicans are based on 

its ability to produce germ tubes and chlamydospores (chlamydoconidia) on appropriate 

nutrient media. However, since C. dubliniensis also produces these structures, many 

isolates o f C. dubliniensis have been m isidentified as C. albicans (Sullivan et al., 1991 \ 

Odds, 1998; Pincus et al., 1999). Therefore, in order to perform  urgently required 

epidem iological studies o f  C. dublin iensis  in fections, there is a need to develop 

inexpensive, accurate, and easy to perform tests that will allow  the differentiation o f 

isolates o f the two species which have been recovered from clinical samples. In this regard, 

a variety o f procedures have been developed and assessed in laboratories around the world, 

including, among others, colony color on CHROMagar® Candida medium (Schoofs et al., 

1997), lack o f growth at 45°C (Pinjon et al., 1998), immunofluorescence (Bikandi et al..
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1998), carbohydrate assim ilation profile analysis (Pincus et a i ,  1999), (3-glucosidase 

activity (Boerlin et al., 1995), coaggregation with Fusobacterium nucleatum  (Jabra-Rizk et 

al., 1999b), and PCR tests (Donnelly et al., 1999). Some o f these tests (e.g., PCR) are very 

reliable but are not yet used routinely by many clinical microbiology laboratories, while 

others rely on reagents which are not widely available (e.g., immunofluorescence with anti- 

C  dubliniensis antibodies) and yet others (e.g., colony color on CHROM agar Candida 

medium) are unreliable.

In the original description o f  C. dubliniensis, it was noted that this species produces 

much higher numbers o f chlamydospores than C. albicans when grown on rice-agar-Tween 

agar (RAT) (Sullivan et al., 1995) but subsequent studies have shown that this trait does not 

provide a definitive means o f  differentiating between the two species (Kirkpatrick et al., 

1998). H owever, in 1999 Staib & M orschhauser reported that C. dubliniensis  forms 

abundant chlamydospore on Staib agar on which C. albicans grows in the yeast form only 

and that this trait could be used to differentiate betw een the two species (Staib & 

Morschhauser, 1999).

The aim o f  this part o f  the present study w as to investigate w hether colony 

m orphology and chlam ydospore production on a variety o f different culture media, 

including Staib agar, caffeic acid-ferric citrate agar (CAF), Pal's agar, and tobacco agar 

could be used to reliably differentiate between isolates o f  C. dubliniensis and C. albicans 

using a large collection o f well characterised C. dubliniensis  isolates from around the 

world.

3.1,1 Staib and CAF agars

Staib agar (syn. G uizotia  abyssin ica  creatinine agar) is a m edium  originally 

developed for the identification o f  C. neoformans. In a recent study o f 14 C. dubliniensis 

and 11 C. albicans strains, Staib & M orschhauser (1999) reported that colony morphology 

and chlamydospore production by C. dubliniensis on Staib agar could form the basis o f a 

simple and accurate test for distinguishing this species from C. albicans. Therefore, it was 

decided to investigate the usefulness o f  colony morphology and chlamydospore production 

on Staib agar using a larger collection o f C. dublin iensis  isolates recovered from 

individuals in 18 different countries around the world. In addition, it was decided to 

investigate CAF agar since it is a more defined medium containing caffeic acid extracted 

from G uizotia abyssinica  seeds. CAF agar was originally developed by Strachan et al.
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(1971) to aid in the identification of C  neoformans based on the production of brown 

pigmentation by colonies of C. neoformans on this medium.

3.1.2 Pal's agar

Pal's medium contains sunflower seed {Helianthus annus) extract which was 

originally used for the identification o f C. neoformans (Staib et al., 1987). Since both 

Helianthus annus and Guizotia abyssinica belong to the same botanical family (Asteraceae) 

and since this medium has never been used to differentiate between C. dubliniensis and C. 

albicans, it was decided to investigate the ability of Pal's agar to differentiate between C. 

dubliniensis and C. albicans by comparing colony morphology and chlamydospore 

production on this medium.

3.1.3 Tobacco agar

Tobacco agar is a new agar which is useful in selecting colonies of C. neoformans 

from mixed cultures in environmental and clinical samples. Colonies of this particular 

species produce brownish colour on this medium. Unlike some other fungi which can make 

pigments endogenously, pigment production in C.neoformans depends upon presence of 

exogenous substrates which accumulates in the fungal cell due to an enzyme laccase. 

Taking this as a basis and the fact that tobacco has substrates responsible for melanin-like 

pigment deposition on teeth, Tendolkar et al. (2003) hypothesised that the substrate found 

in tobacco could be used as a base for a medium to identify C. neoformans. However, 

tobacco agar has never been used before to aid in the identification of any other Candida 

species,

3.1.4 Casein agar

Casein agar is a medium which is usually used to differentiate microorganisms such 

as actinomycetes that can produce enzymes to break down the main two components of the 

agar; starch, as the only carbon source and casein (milk protein) as the only protein source. 

However, it has never been used before to aid in the differentiation of C. dubliniensis.
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3.2 Materials and Methods

3.2.1 Yeast isolates

All isolates included in this part o f the present study w ere from  the culture 

collection o f  the M icrobiology Research Unit, School o f Dental Science, Trinity College, 

University o f Dublin, Dublin, Republic o f Ireland. Each isolate was originally recovered 

from one or more specimens from a separate individual, and its identity was confirmed as 

described in chapter 2 section 2.2. All isolates w ere also tested for chlam ydospore 

formation on rice agar-Tween agar, and all the C. dubliniensis and C. albicans isolates 

investigated produced chlamydospores on this medium.

Stock cultures o f yeast isolates were maintained on plastic beads in Protect cryovials 

at -80°C. For each isolate, two or three plastic beads were removed from their respective 

cryovials using a sterile plastic loop, allowed to thaw, and then used to inoculate PDA 

(Oxoid) or Sabouraud glucose agar media (Difco). Forty-eight-hour-old PDA medium 

cultures grown at 37°C were used as the source o f  inoculua for subsequent experiments 

with Staib agar, CAF agar. Pal's agar, casein agar and tobacco agar.

All o f  the isolates included in the present study were examined on Staib agar, CAF 

agar, Pal's agar, casein agar and tobacco agar on at least two separate occasions with 

different batches o f  media prepared from different lots o f  reagents. In addition, all media 

were used fresh and within 5 days to ensure consistent results.

3.2.2 Staib and CAF agars

The yeast isolates and reference strains used in this part o f the study are listed in 

Table 3.1. A total o f 296 isolates were studied, including 130 C. dubliniensis isolates and 

166 C  albicans isolates. In addition, five C. glabrata, five C. tropicalis  and six C. 

parapsilosis isolates were also examined on Staib and CAF agars (Table 3.1).

Staib agar was prepared by first making an aqueous extract o f  Guizotia abyssinica  

seed (Power Seeds, Kildare, Republic o f Ireland) by pulverizing 50 g o f seed in a domestic 

blender (M oulinex B57, Ireland) for 2.5 min and then adding the ground seeds to 1 liter of 

distilled water, followed by boiling for 30 min. The seed extract was cooled and filtered, 

and the following ingredients were added: glucose, 1 g; KH 2PO 4 , 1 g; creatinine, 1 g. The 

pH was adjusted to 5.5, the volume was readjusted to 1 liter, and 15 g o f agar (Difco) was
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Table 3.1 Yeast isolates tested on Staib and CAF media.

Yeast species and 
source or country of 
isolation

No. of isolates Specimen Source/reference(s)

C. dubliniensis
Argentina 1 Oral Sullivan et a i ,  1997, Gee et a i ,  2002
Australia 1 Oral Sullivan et a i ,  1995, Gee et al., 2002
Belgium 5 Oral Pinjon et a i ,  1998, Gee et a i ,  2002
Canada 6 Oral Pinjon et al., 1998, Gee et al., 2002
Finland 1 Oral Pinjon et al., 1998, Gee et al., 2002
France 9 Oral This study
Germany 4 Oral Pinjon et al., 1998, Gee et al., 2002
Greece 1 Oral Pinjon et al., 1998, Gee et al., 2002
India 1 Oral Gee et al., 2002
Israel 2 Sputum Polacheck et al., 2000, Gee et al., 

2002
1 Vagina 2000, Gee et al

Ireland 41 Oral Pinjon et al., 1998, Sullivan et al., 
1995, Gee et al., 2002, this study

Japan 1 Unavailable* Gee et al., 2002
Malta 3 Oral This study
Norway 5 Oral Gee et al., 2002
Spain 5 Oral Bikandi et al., 1998, Gee et al., 2002
Switzerland 3 Oral Sullivan et al., 1998, Gee et al., 2002
UK 14 Oral Pinjon et al., 1998, Gee et al., 2002

2 Stool Pinjon et al., 1998, Gee et al., 2002
1 Blood Pinjon et al., 1998, Gee et a i ,  2002
1 sputum Pinjon et al., 1998, Gee et al., 2002

USA
T O T A L

22
130

Oral Pincus et al., 1999; this study

C. albicans
Australia 1 Oral Pinjon et al., 1998
Hong Kong 6 Oral Pinjon et al., 1998
Ireland 61 Oral Pinjon et al., 1998
UK 2 Oral Pinjon et al., 1998
USA
T O T A L

96
166

Oral Pincus et al., 1999, this study

C. glabrata 5 Oral This study
C. tropicalis 5 Oral This study
C. parapsilosis 6 Oral This study

The original source of the isolate was not available.



Table 3.2 Yeast isolates tested on Pal's agar.

Yeast species and 
source or country 
o f isolation

No. of  
isolates

Specimen Source/reference(s)

C. dubliniensis
Argentina 1 Oral Sullivan et a l ,  1995, Gee et a i ,  2002
Australia 2 Oral Sullivan et a i ,  1995, Gee et al., 2002
Brazil 7 Oral Milan et a i ,  2001, this study
Canada 3 Oral Pinjon et al., 1998, Gee etal.,  2002
France 6 Oral This study
Germany 2 Oral Pinjon et al., 1998, Gee et al., 2002
Israel 9 Sputum Gee et al., 2002, Polacheck et al., 2000, this

2 BAL
study 
This stud

2 RT Gee et al., 2002, Polacheck et a l ,  2000
2 Urine Gee et al., 2002, Polacheck et al., 2000, this

2 Vagina
study
Gee et al., 2002

1 Wound Gee et al., 2002
Ireland 43 Oral Sullivan etal.,  1995, Pinjon e /a /., 1998,

Malta 3 Oral
Gee et al., 2002, This study 
This study

New Zealand 3 Oral This study
Spain 2 Oral Bikandi et al., 1998, Gee et al., 2002, this

Switzerland 2 Oral
study
Sullivan et a i ,  1998, Gee et al., 2002

The Netherlands 2 Blood Meis et al., 1999, Gee et al., 2002
1 Sputum Meis et al., 1999, Gee et al., 2002

UK 22 Oral Pinjon et al., 1998, Gee et al., 2002, this

2 Stool
study
Pinjon et al., 1998, Gee et al., 2002

1 Sputum Pinjon et al., 1998, Gee et al., 2002
1 Blood Pinjon et al., 1998, Gee et al., 2002

USA 7 Oral Pincus et al., 1999, this study

T O T A L
C. albicans
Greece

128

8 Oral This study
Hungary 5 Oral This study
Ireland 61 Oral Pinjon et al., 1998, this study
UK 2 Oral Pinjon et al., 1998
USA 48 Oral Pincus et al., 1999, this study
T O T A L  

C. glabrata

124

5 Oral This study
C. tropicalis 4 Oral This study
C. parapsilosis 5 Oral This study
C. krusei 1 Oral This study
Abbreviations: RT, respiratory tract; BAL, bronciieoalveolar lavage.



then added before autoclaving. The composition o f  CAF (per liter) was as follows: NHSO4, 

5 g; glucose, 5 g; yeast extract, 2 g; K2HPO4, 0.8 g; M gS0 4 .7H2 0 , 0.7 g; caffeic acid, 0.18 

g; chloramphenicol, 0.05 g; ferric citrate, 0.002 g.

3.2.3 Pal's agar

The yeast isolates and reference strains used in this part o f  the investigation are listed 

in Table 3.2. A total o f  124 C. albicans and 128 C. dubliniensis isolates were included in 

the study. In addition, five C. glabrata, four C. tropicalis, five C. parapsilosis, and a single 

C. krusei isolate were also examined on Pal's medium (Table 3.2)..

Pal's agar was prepared freshly with extract o f unsalted sunflower seeds (including 

kernels and shells). First, an aqueous extract o f  sunflow er seeds was prepared by 

pulverizing 50 g o f  seeds in a domestic blender for 5 min and then adding the ground seeds 

to 1 liter o f distilled water, followed by boiling for 30 min. Next, the seed extract was 

cooled and filtered, and the following ingredients were added: glucose (1 g), KH2PO4 (1 g), 

and creatinine (1 g). The pH was adjusted to 5.5, the volume was readjusted to 1 liter, and 

15 g o f agar (Difco) was added before the mixture was autoclaved at 110°C for 20 min.

3.2.4 Tobacco agar

The yeast isolates and reference strains used in this part o f the investigation are listed 

in Table 3.3

Fifty -three C. dubliniensis isolates and 35 C. albicans isolates were included in this 

part o f the study. In addition, seven C. glabrata, five C. tropicalis, five C. parapsilosis, two 

C, krusei and a single Saccharom yces cerevisiae  were also exam ined on tobacco agar 

(Table 3.3). For tobacco agar, 50 g o f com mercialy available tobacco (Delux mixture, 

Denmark) was mixed with 1 liter o f distilled water. The mixture was boiled for 30 min, 

filtered and 20 g o f  agar is added to it then the volume was made up to 1 liter. Next, the pH 

o f the agar was adjusted to 5.4 and then autoclaved at 12TC for 15 min.

3.2.1.4 Casein agar

All clinical and reference isolates included in this part o f the present study are shown 

in Table 3.4. One hundred and nine C. dubliniensis isolates and 120 C. albicans isolates 

were tested on casein agar. In addition, fifty-seven non-C. albicans isolates were also
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Table 3.3 Yeast isolates tested on tobacco agar.

Yeast species and No. of Specimen Source/reference(s)
source or country of isolates
isolation

C. dubliniensis
Australia 4 Oral Sullivan et a i ,  1995, Gee et al., 2002
Brazil 1 Oral Milan et al., 2001
Canada 2 Oral Pinjon et al., 1998, Gee et al., 2002
Germany 2 Oral Pinjon et al., 1998, Gee et al., 2002
Ireland 20 Oral Sullivan et al., 1995 & 1997, Gee et al., 2002
Israel 3 CF This study

2 Sputum Polacheck et al., 2000, Gee et a i ,  2002.
2 RT Polacheck et a i ,  2000, Gee et al., 2002.

The Netherlands 2 Blood Meis et al., 1999, Gee et al., 2002.
New Zealand 2 Oral This study
Spain 4 Oral Pinjon et al., 1998, Quindos et al., 2000, Gee et

al., 2002,
Switzerland 3 Oral Boerlin et al., 1995, Gee et al., 2002
UK 6 Oral Schoofs et al., 1997, Pinjon et al., 1998, Gee et

a i ,  2002
TO TA L 53

C. albicans
Greece 3 Oral This study
Ireland 16 Oral Pinjon et al., 1998, This study
USA 16 Oral Pincus et a i ,  1999, This study

TO T A L 35

C. glahrata 7 Oral This study
C. tropicalis 5 Oral This study
C. parapsilosis 5 Oral This study
C. krusei 2 Oral This study
S. cerevisiae 1 Oral This study
Abbreviations: CF, cystic fibrosis; RT, respiratory tract.



Table 3.4. Yeast isolates tested on casein agar

Yeast species and No. of Specimen Source/reference(s) 
source or country isolates
of isolation______________________________________________________
C. dubHniensis
Argentina I Oral Sullivan et al., 1997, Gee et ai,  2002
Australia 3 Oral Sullivan et al., 1995, Gee et al., 2002
Canada 5 Oral Pinjon et al., 1998, Gee etal., 2002
Finland 5 Oral Pinjon et al., 1998, Gee et al., 2002
Germany 4 Oral Pinjon etal., 1998, Gee etal., 2002
Greece 1 Oral Pinjon et al., 1998, Gee et al., 2002
Ireland 24 Oral Sullivan et al., 1995 & 1997, Gee et ai, 

2002
4 Blood Gee et al., 2002, this study
I Vaginal Moran et ai,  1997

Italy 3 Oral This study
Israel 2 RT Gee et al., 2002; Polacheck et ai,  2000

2 Sputum Gee et ai,  2002; Polacheck et ai, 2000
I Urine Gee et ai,  2002; Polacheck et ai, 2000
2 Vaginal Gee eta i,  2002
1 Wound Gee e ta i,  2002

The Netherlands 2 Blood Meis et ai,  1999, Gee et ai,  2002
1 Sputum M eise /a /., 1999, Gee eta i,  2002

Spain 33 Oral Pinjon et ai,  1998, Quindos et ai,  2000, 
Gee et ai,  2002, this study

1 Blood Salesa et ai,  2001
1 Vaginal This study

Switzerland 7 Oral Boerlin et ai,  1995, Gee et ai,  2002
United Kingdom 6 Oral Schoofs et ai,  1997, Pinjon et ai,  1998, 

Gee et ai,  2002
1 Blood Schoofs e /a /., 1997, Pinjon eta i,  1998, 

Gee et ai,  2002
1 Faecal Pinjon e ta i,  1998; Gee eta i,  2002

Culture collection 

T O T A L

NCPF
3108
109

N/A Sullivan et ai,  1995

C. albicans
Argentina 9 Oral This study
Greece 4 Oral This study
Ireland 6 Oral This study
Hong Kong I Oral Pinjon et ai,  1998
Spain 45 Oral This study

36 Vaginal This study
1 Urine This study
1 Penis This study

United States 9 Oral Pincus et ai,  1999, Al Mosaid et ai, 
2001

Culture collections 
T O T A L

8̂*
120

N/A N/A

Continued overleaf



Table 3.4 continued
Yeast species and No. of Secimen Sources/reference(s)
source or country isolates
of isolation

C. glabrata
Spain 9 Oral This study
Culture collection NCPF

3203
N/A N/A

C. guilliermondii
Spain 6 Oral This study

1 Vaginal This study
Culture collection NCPF

3099
N/A N/A

C. krusei
Spain 3 Oral cavity This study
Culture collection ATCC

6258
N/A N/A

C  lusitaniae
Spain 1 BA This study

1 Faecal This study
1 Urine This study

C. parapsilosis
Spain 5 Oral This study
C. rugosa
Bulgaria 6

1
Blood
Urine

This study 
This study

1 PV This study
C. stellatoidea
type I

Culture collection ATCC
11006

N/A N/A

C. stellatoidea
type II

Culture collection ATCC
20408

N/A N/A

C. tropicalis
Ireland 5 Oral This study
Spain 10 Oral This study
Culture collection NCPF

3111
N/A N/A

“ Culture collection strains included; NCPF 3153 & 3 156, ATCC 26555, 64385, 64548, 64550, 
90028 and 90029.
Abbreviations; RT, respiratory tract; BAL, broncheoalveolar lavage; PV, prosthetic valve; BA, 
bronchial aspirate; N/A, not applicable; ATCC, American Type Culture Collection; NCPF, 
National Collection of Pathogenic Fungi (UK).



examined to determ ine whether they could be distinguished from isolates o f C. albicans 

and C. dubliniensis (Table 3.4).

Casein agar was prepared as described by Larone, (1993). Briefly, 10 g o f skim milk 

(Marvel dried skimmed milk; Premier Brands, M erseyside, UK) was dissolved in 90 ml o f 

distilled water, and 3 g o f agar was dissolved in 97 ml o f  distilled water. After autoclaving 

o f both solutions separately at 121°C for 15 min, they were allowed to cool to 45 to 50°C 

and were then m ixed together and dispensed in 25-ml amounts into 90 mm-diameter petri 

dishes.

A 48-h-old single colony from a PDA medium plate culture o f each isolate to be 

tested was separately streak inoculated with a sterile wire loop onto Staib and CAF agars, 

Pal's, and tobacco agars, respectively, contained in 90-mm-diameter petri dishes (25 ml o f 

agar per plate) and incubated at 30°C for 72 to 120 h. Caesin agar plates were inoculated 

with culture growth ftom a 48-h-old Sabouraud agar by cutting several shallow parallel 

groves in the agar with a wire loop, followed by incubation at 24°C for 48 h.

Gross colony m orphologic features were exam ined visually on all media at 24-h 

intervals, and the data were recorded. Yeast colonies were also evaluated microscopically 

to detect the presence or absence o f chlam ydospore formation following 48 to 120 h o f 

incubation. For each isolate, 10 well-separated single colonies were chosen at random and 

stained by the addition o f 1 drop o f 1% (wt/vol) lactophenol cotton blue stain (Larone, 

1993) to enhance the detection o f chlamydospores. Colonies were allowed to stain for 5 

min and then covered w ith sterile glass coverslips (22 by 22 mm) and exam ined 

microscopically under bright-field illum ination using a x40 objective (Sullivan et al., 

1995). Plates containing isolates that did not exhibit detectable chlamydospore formation 

within 120 h were re-examined following further incubation at intervals o f 24 h for up to 3 

weeks in total.
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Figure 3.1 Morphological appearance of C. dwliniensis and C. albicans colonies on 
Staib medium following 72 h incubation at 30°(. (A) Smooth colonies exhibited by C. 
albicans isolate 132A (Gallagher et al., 1992), omposed exclusively of blastospore^; 
(B) C. dubliniensis isolate CD36 (Sullivan e ta l  1995) colonies displaying a hyphal 
fringe, containing abundant hyphae, pseudohypiae and chlamydospores.



3.3 Results

3.3.1 Growth of Candida isolates on Staib and CFA agars

All 296 yeast isolates grew on both Staib agar and CAF agar and yielded grey-white 

colonies. On Staib agar, all o f the 166 C. albicans isolates tested produced smooth, shiny 

colonies after 48 h o f incubation (Fig. 3.1). In all but three isolates, the colonies were found 

upon microscopic examination to be composed only o f blastospores. Colonies o f the three 

remaining isolates consisted mainly o f blastospores with a few pseudohyphal elements after 

48 and 72 h o f incubation. Similar findings were observed after 96 and 120 h o f incubation. 

In contrast, 127 (97.7%) o f the 130 C. dubliniensis isolates tested on Staib agar yielded 

rough colonies, the majority (84; 64.6%) o f which also exhibited a hyphal fringe around the 

colonies visible to the naked eye after 72 h o f incubation (Fig. 3.1). The rough colonies 

w ere composed o f mycelial forms (predominantly pseudohyphae) and blastospores. The 

three remaining C. dubliniensis isolates (two from Norway and one from Canada) produced 

smooth, shiny colonies on Staib agar that were similar in appearance and composition to 

those o f C. albicans isolates, even after 2 weeks o f incubation. A part from these three 

isolates, the difference between the C. dubliniensis and C. albicans isolates was particularly 

evident on Staib agar after 48 h o f incubation, and became further enhanced after 72 h o f 

incubation, in the area o f heavy culture growth where the primary inoculum was streaked 

(i.e., the C. dubliniensis culture growth appeared rough and the C. albicans culture growth 

appeared smooth and shiny). The five oral C. glabrata  isolates tested yielded smooth, grey- 

white colonies similar to those o f C. albicans on this medium. Furthermore, o f the five C. 

tropicalis isolates tested, three yielded rough colonies similar to those o f  C. dubliniensis 

and two yielded smooth colonies similar to those o f C. albicans. O f the six C. parapsilosis 

isolates tested, four yielded smooth, shiny colonies similar to those o f  C. albicans and two 

yielded rough colonies similar to those o f C. dubliniensis.

On CAF agar, o f the 166 C  albicans isolates included in the study, 145 (87.4%) 

yielded rough colonies with a m ycelial halo visible to the naked eye after 5 days 

incubation. The remaining 21 (12.6%>) isolates yielded smooth, non-shiny colonies on this 

medium. In comparison, 122 (93.8%) o f the 130 C. dubliniensis isolates, including the 3 

isolates which exhibited a smooth-colony phenotype on Staib agar, yielded rough colonies
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with a mycelial halo after 5 days o f incubation. The remaining eight (6.2%) isolates yielded 

rough colonies w ithout a mycelial halo. Colonies o f the C. dubliniensis isolates were 

noticeably smaller (~2 mm in diameter) than the C. albicans colonies (~3 mm) after 5 days 

o f incubation on CAF.

3.2.2 Chlamydospore production on Staib and CAF agars

None o f the 166 C. albicans isolates tested produced chlamydospores on Staib or 

CAF agars, even after prolonged incubation periods o f up to 3 weeks (Table 3.1). In 

contrast, all isolates produced chlamydospores within 48 to 72 h on RAT agar. Similarly, 

all 130 o f the C  dubliniensis  isolates formed chlamydospores on RAT agar but not all 

produced chlamydospores on either Staib or CAF agars (Tables 3.1 & 3.5). A total o f 111 

(85.4%) o f  the 130 C. dubliniensis isolates formed chlamydospores on Staib agar, and 100 

(90.1%) o f  these 111 produced abundant chlamydospores within 72 h, whereas 11 (9.9%) 

o f  them produced relatively few chlamydospores, which were only detected following 

incubation periods o f  up to a week. Similarly, 109 (83.8%) o f the 130 C dubliniensis 

isolates produced chlamydospores on CAF, all but 5 within 120 h (Tables 3.1 and 3.2). 

Eighty-three (63.9%) o f  the C  dubliniensis isolates produced chlamydospores on both 

Staib and CAF agars, whereas the remainder produced chlamydospores on one or the other 

medium only (Table 3.5).

3.3.3 Growth of Candida isolates on Pal's agar

All o f  the yeast isolates tested grew well on Pal's agar (Table 3.2). Following 48 to 72 

h o f incubation, all 124 C. albicans and all 128 C. dubliniensis isolates tested grew as 

smooth creamy-gray colonies (Fig. 3.2A & B). However, all the C  dubliniensis isolates 

exhibited a hyphal fringe (Fig. 3.2B), whereas none o f the C. albicans did (Fig. 3.2A). 

However, thirty-six o f  124 C. albicans isolates (29%) were observed to produce a fringe 

follow ing 10 days o f  incubation. M icrobiological analysis revealed that the fringe 

surrounding C. dubliniensis colonies was found to be comprised o f hyphae, pseudohyphae, 

and blastospores (Fig. 3.2A).
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Table 3.5 Chlamydospre production by C. dubliniensis isolates on different media.

Media No. of isolates tessted No. of isolates

Chlamydospore-positive (Vo)

Staib 130 111 (85.4)

CAF 130 109 (83.8)

Pal's 128 120 (93.75)

Tobbaco 53 52(98)

Casein 109 106 (97.2)



Figure 3.2 Morphological appearance of C. dubliniensis and C. albicans colonies on 

Pal’s medium following 72 h incubation at 3)°C. (A) Smooth colonies exhibited by C. 

albicans isolate 132A (Gallagher et al., 1991), composed exclusively of blastospore^; 

(B) C. dubliniensis isolate CD36 (Sullivan it al., 1995) colonies displaying a hyphal 

fringe, containing abundant hyphae, pseudohy^hae and chlamydospores.



One C. tropicalis isolate, two C. glabrata  isolates, and three C. parapsilosis isolates 

yielded smooth colonies similar to those o f C  albicans. Three C. tropicalis isolates, two C. 

pirapsilosis  isolates, and the single C. krusei isolate formed rough colonies with a fringe 

s.milar to that formed by C. dubliniensis.

3.3.4 Chlamydospore production on Pal's agar

None o f the C. albicans isolates produced chlamydospores on Pal's agar, even after 

I)  days o f incubation, whereas 120/128 (93.75%) o f  the C. dubliniensis  isolates tested 

produced chlam ydospores w ithin 48 to 72 h. The rem aining 8 C  dubliniensis isolates 

(6.25%) were chlamydospore-negative even after 10 days o f incubation.

3.3.5 Growth of Candida isolates on tobacco agar

All 107 yeast isolates grew on the medium except a single Saccharomyces cerevisiae 

isolate which did not grow at all (Table 3.3). Two oral C. dubliniensis Irish isolates grew 

very poorly on this medium. Fifty-one o f the 53 (96.2%i) C. dubliniensis isolates tested 

yielded rough, yellowish-brown colonies with hyphal fringe around the colonies visible to 

the naked eye after 48 to 72 h (Fig. 3.3A). The rough colonies were composed mainly o f 

pseudohyphae and blastospores. The remaining two isolates (both isolates were oral 

isolates, one recovered from the UK and the other from Canada) produced smooth, white- 

creamy colonies similar to the appearance o f  C. albicans  isolates on this medium. In 

contrast, 31/35 (88.5%) C. albicans isolates yielded smooth, white-creamy colonies with no 

hyphal fringe after 48 to 72 h (Fig. 3.3B). O f the remaining four C. albicans isolates, two 

isolates (5.7%>) (both were Irish oral clinical isolates) produced smooth, white-creamy 

colonies with a hyphal fringe especially around the primary inoculum site. One o f the 

remaining C. albicans isolates, (recovered in the USA) yielded yellow-brownish, rough 

colonies with a hyphal fringe around the colonies sim ilar to those o f C. dubliniensis, 

whereas the other isolat (an Irish oral clinical isolate) did not grow at all. The seven oral C. 

glabrata  isolates examined produced smooth, creamy white colonies similar to those o f C. 

albicans on this medium. O f the five C. tropicalis isolates examined, four yielded smooth, 

creamy white colonies with no hyphal fringes similar to those o f C. albicans and one
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Figure 3.3 Morphological appearance o f C. dubliniensis and C. albicans colonies on 

tobacco agar following 72 h incubation at 30°C. (A) smooth, white-creamy colonies 

exhibited by C. albicans isolate 132A (Gallagher et al., 1992), composed exclusively o f 

blastospore^; (B) C. dubliniensis isolate CD36 (Sullivan et al., 1995) exhibiting 

yellowish-brown colonies with a hyphal fringe, containing abundant hyphae, 

pseudohyphae and chlamydospores.



produced smooth, creamy white colonies with a hyphal fringe. Furthermore, o f the three C. 

parapsilosis isolates tested on this medium, tw o isolates produced smooth brownish 

colonies with no hyphal fringe and the third isolate exhibited smooth, white creamy 

colonies with a hyphal fringe. The two C. krusei isolates yielded rough, creamy colonies 

with a hyphal fringe.

3.3.6 Chlamydospore production on tobacco agar

O f the 53 C. dubliniensis isolates tested on tobacco agar, 52/53 (98%) produced 

chalmydospores after 48 to 72 h. In contrast, none o f the 35 C. albicans isolates produced 

chalm ydospore even after prolonged incubation o f up to a week. Colonies o f  the C. 

a lb ica n s  isolates tested consisted m ainly o f  blastospores w ith a few pseudohyphal 

elements.

3.3.7 Chlamydospore production on casein agar

All 109 C. dubliniensis isolates tested produced chlamydospores on casein agar after 

48 h o f incubation at 24°C. Chlamydospores were stained dark blue by lactophenol cotton 

blue and were very abundant and arranged in groups around pseudomycelial growth (Fig. 

3.4A), but in some cases isolated chlamydospores were also observed. The vast majority 

(111/120, 92.5%) o f the C. albicans isolates tested did not produce chlamydospores on 

casein agar after 48 h o f incubation. In these isolates, only blastospores stained a light blue 

colour by lactophenol cotton blue were observed (3.4B). However, 9/120 (7.5%) o f the C  

albicans isolates tested produced chlamydospores on casein agar. These chlamydospores, 

although indistinguishable from those produced by C. dubliniensis, were difficult to 

observe due to their low number. The ability to grow at 45°C was studied in an attempt to 

differentiate the nine C. albicans isolates producing chlamydospores on casein agar from 

the C. dubliniensis isolates. While no growth was found with any o f the 109 C. dubliniensis 

isolates at 24 and 48 h on Sabouraud dextrose agar at 45°C, all 120 o f the C. albicans 

isolates grew well at 45°C.

The production o f  chlamydospores on casein agar by Candida  species other than C. 

dubliniensis and C. albicans was also investigated (Table 3.4). No chlamydospores were
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produced by the C. tropicalis, C. krusei, C. parapsilosis, C. guilliermondii, C. glahrata, C. 

lusitaniae, C. rugosa and C. stellatoidea isolates tested (Table 3.4).
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3.4. Discussion

As a consequence o f  the increasing num ber o f  reports on the isolation o f  C. 

dubliniensis, it is important to be able to rapidly and accurately identify this species in most 

clinical mycology laboratories. However, identification o f C. dubliniensis is difficult 

because o f its close relationship with C. albicans, a situation that has sometimes led to the 

misidentification o f isolates o f C. dubliniensis as C. albicans (Sullivan et al., 1999). At 

present, the most accurate differentiation between isolates o f the two species is performed 

in reference laboratories with the use o f molecular-based techniques such as PCR or DNA 

fingerprinting with repetitive sequence-containing DNA probes (Tintelnot et al., 2000; 

Sullivan et al., 2004). However, these sophisticated techniques are not suitable and often 

not readily applicable for use in small clinical mycology laboratories where simple and 

rapid methods are needed. Phenotypic methods for the identification o f C. dubliniensis 

isolates, including the inability o f  C. dublin iensis  to grow at 45°C, colony colour on 

Chromagar Candida® medium, and other ancillary phenotypic tests as described in chapter 

1 section 1.2.2 have been developed for discrim inating between C. dubliniensis and C. 

albicans isolates (Coleman et al., 1997a; Pinjon et al., 1998; Tintelnot et al., 2000; Sullivan 

et al., 2004). However, whereas these tests are useful for the presumptive identification of 

C. dubliniensis, they are not definitive.

3.4.1 Differentiation of C. dubliniensis from C. albicans on Staib and CAF agars

Staib agar was originally developed as a m eans o f  identifying colonies o f  C. 

neoformans, which, unlike other members o f this genus, develops dark pigmentation on this 

medium. Unlike all o f the C. albicans isolates which produced smooth, shiny colonies 

com posed o f blastospores after 48 h o f incubation (Fig. 3.1A), 97.7% o f the 130 C. 

dubliniensis isolates tested on Staib agar exhibited rough colonies with the majority 

(84/130, 64.6%) showing a hyphal fringe around the colonies composed o f mycelial forms 

and b lastospores (Fig. 3 . IB ). These findings indicated that the different colony 

m orphologies exhibited by isolates o f  C. du b lin ien s is  and C. alb icans  were due 

predominantly to the production o f mycelial forms by C. dubliniensis isolates. These results 

confirm the findings recently reported by Staib & M orschhauser (1999) that Staib agar can
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be used as a useful means to discriminate between isolates o f  C. dublin iensis  and C. 

albicans. However, the method is not absolute, as a small minority (3/130, 2.3%) o f the C. 

dubliniensis isolates tested were indistinguishable from  C. albicans based on colony 

morphology on Staib agar.

Several isolates each o f C. tropicalis, C. glabrata  and C. parapsilosis were also tested 

on Staib agar in order to determine whether they could be distinguished from isolates o f  C. 

albicans and C. dubliniensis in the present study. The results, however, indicated that it 

would not be possible to identify colonies o f C. albicans and C. dubliniensis  based on 

colony morphology alone following primary isolation from a clinical specimen on Staib 

medium  since C. tropicalis, C. glabrata  and C. parapsilosis  isolates exhibited colonies 

similar to one or both species.

Strachan et al., (1971) demonstrated that C. neoformans produces brownish colonies 

when grown on a medium containing caffeic acid extracted from Guizotia abyssinia seeds. 

Since Staib agar was found to be excellent for distinguishing between C. dubliniensis and 

C. albicans, we investigated the usefulness o f the more defined CAP agar to differentiate 

between isolates o f these species. However, the results obtained indicated that unlike that 

on Staib agar, colony morphology on CAP agar could not be used to differentiate between 

C. dubliniensis and C. albicans isolates since the majority o f both species (87.4% of the C. 

albicans isolates and 93.8% o f the C. dubliniensis isolates) yielded rough colonies with or 

w ithout a mycelial hyphal fringe. Purthermore, 111/130 (85.4%) and 109/130 (83.8%) o f 

the C. dubliniensis isolates formed chlamydospores on Staib and CAP agars, respectively. 

In addition, 83/130 (63.9%) o f the C. dubliniensis isolates produced chlamydospores on 

both Staib and CAP agars, whereas the remainder produced chlamydospores on one or the 

other medium only (Table 3.2). Two studies one by Lees & Barton et al., (2003) and the 

other by MahnB et al., (2005), both published after the publication o f the present work, 

reported a higher prevalence o f C. dubliniensis isolates producing chlamydospres on Staib 

agar. However, both o f  these reports included a smaller number o f C. dubliniensis isolates 

than the present study (nine and six C. dubliniensis isolates in the Lees & Barton et al., 

(2003) and MahnB et al., (2005) reports, respectively) which very likely explains the 

difference in the results between the present study and the other two.

In the present study, none o f  the 166 C. albicans isolates tested  produced 

chlamydospores on Staib or CAP agars. Nevertheless, when MahnB et al. (2005) examined
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94 C. albicans isolates on Staib agar, they reported that 14/94 (14.9%) o f the C. albicans
• t h  °isolates tested were chlamydospores-positive at the end o f the 8 day o f incubation at 30 C. 

However, the identity o f the C. albicans isolates included in MahnB et al. (2005) study is 

doubtful since the formation o f germ tubes in serum-free YPD-broth was observed in only 

25%  o f the C. albicans strains included in their study after 1 h. In another study, Lees & 

B arton  (2003) exam ined the ability  o f  495 c lin ical yeast iso la tes to produce 

chalm ydospores on Staib agar. The authors reported that 419/495 (84.6% ) o f the yeast 

isolates tested were germ tube-positive and failed to produce chamydospre on staib agar. 

However, the investigators identified these yeast isolates as C. albicans w ithout further 

laboratory tests to confirm the identity o f these isolates. Furthermore, Lees & Barton (2003) 

rep o rted  tha t 4 C. dublin iensis  isolates w ere germ  tube-positive and produced 

chlamydospore on Staib agar. In addition, one C. dubliniensis isolate was found to be germ 

tube-negative and chlam ydospore-negative on Staib agar. All C. dubliniensis  isolates 

included in their study, however, were identified using API 32 C with no further tests to 

confirm  the identity o f these isolates. Therefore, the data reported in Lees & Barton (2003) 

study is not reliable since the identity o f  the yeast isolates included in their study was not 

confirm ed. In addition, Lees & Barton (2003) exam ined the yeast isolates for the 

production o f  chlamydospore after 24 h o f incubation at 37°C which is considered a short 

period  o f incubation when com pared to o ther studies in the literature to evaluate 

chalmydospre production by C. dubliniensis and C. albicans. However, on the basis o f our 

data, we agree with Staib & M orschhauser, (1999) study that growth on Staib agar is an 

efficient means o f discriminating between C. dubliniensis and C. albicans. However, our 

results suggest that colony morphology, rather than chlamydospore formation, is a more 

accurate criterion for species identification, since a significant proportion o f C. dubliniensis 

isolates failed to produce chlamydospores on Staib agar. The disparity between our data 

and that o f the Staib & M orschhauser, (1999) could be due to either different supplies o f 

Guizotia abyssinica  seed, to seed o f different ages, or to seed storage conditions. However, 

the m ost likely explanation lies in the larger and more diverse group o f C. dubliniensis 

isolates examined in the present study.
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3.4.2 Differentiation of C. dubliniensis from C. albicans on Pal's agar

In order to develop a medium with even greater discriminatory ability, we investigated 

the effect o f replacing Guizotia abyssinica seed extract with extracts from the seeds o f other 

plants. One such medium is Pal’s agar, which contains sunflower {Helianthus annus) seed 

extract and is another medium originally developed for the identification o f C. neoformans 

(Staib et al., 1987). Since both Helianthus annus and Guizotia abyssinica  belong to the 

same botanical family (Asteraceae), and since Staib agar is a good but not an absolutely 

reliable m edium  for d ifferentiating betw een C. dublin iensis  and C. albicans, we 

investigated the use o f Pal’s medium for this purpose. It was found that all C. albicans and 

C. dubliniensis isolates tested (n=252) yielded smooth creamy-gray colonies (Fig. 3.3A). In 

addition, all the C. dubliniensis isolates exhibited a hyphal fringe (Fig. 3.3B), whereas none 

o f the C. albicans did. However, these findings are in contrast to previous data obtained by 

using Staib agar, on which 127/130 C. dubliniensis isolates tested (97.7%) formed rough 

colonies, many (65%) with a hyphal fringe, and all 166 C. albicans tested grew as smooth 

colonies. Four other Candida  species were also tested on Pal's agar (Table 3.2). However, 

the results indicated that theses species can not be differentiated from C  dubliniensis and 

C. albicans  on Pal's agar. Furtherm ore, all C. albicans  isolates were chlamydospore 

negative w hile 120/128(93% ) o f the C. dubliniensis isolates produced chlamydospres 

w ithin 72 h. Interestingly, in the previous study with Staib agar, none o f the 166 C. 

a lb ica n s  isolates tested produced chlam ydospores w hereas only 19 o f 130 o f  the C. 

dubliniensis isolates examined (14.6%) were chlamydospore-negative. Twelve o f these 19 

chlamydospore-negative C. dubliniensis isolates were included in the present study; 7 were 

chlamydospore positive on Pal's agar, and the remaining 5 were chlamydospore negative.

In the present study reproducible results were obtained with all isolates tested on 

separate batches o f  Pal's agar prepared from the same batch o f sunflower seeds, in each 

case w ith seeds purchased from two separate suppliers. H owever, it was found that 

incubation o f  the plates at 37 C rather than 30 C resulted in poorer discrimination between 

the two species.

Shortly after the publication o f this part o f the present study Khan et al. (2004) 

evaluated Pal's agar and another simplified form o f the same agar (without creatinine and 

KH2PO4) to differentiate between isolates of C. dubliniensis (n=25) and C. albicans (n=53).
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Khan et al. (2004) found that all C. albicans isolates (n = 53) yielded smooth colonies with 

no evidence o f chlamydospore formation and that all C. dubliniensis isolates tested 

developed rough colonies, all in agreement with the result of the present study. However, 

Khan et al. (2004) reported that all C. dubliniensis isolates tested (25/25, 100%) formed 

abundant chlamydospores after incubation for 24-48 h at 28 C which is in contrast to the 

finding of the present study in which 6.25% of the C  dubliniensis isolates tested were 

chalmydospre-negative. The disparity between our data and that of Khan et al. (2004) could 

be due to either different supplies of sunflower {Helianthus annus) seed, to seed of different 

ages, or to seed storage conditions. However, the most likely explanation lies in the larger 

and more diverse group o f C  dubliniensis isolates examined in the present study.

The results o f this part of the present study demonstrated that the formation of a 

hyphal fringe surrounding C. dubliniensis colonies on Pal's medium following incubation 

for 48 to 72 h at 30 C provides a definitive means of discrimination between this species 

and C. albicans. However, since colonies o f some isolates belonging to other Candida 

species also produce a fringe on Pal's agar, this medium should be used only to screen germ 

tube- and/or chlamydospore-positive isolates.

3.4.3 Differentiation of C. dubliniensis from C. albicans on tobacco agar

Tobacco agar was first used for the identification of C. neoformans which yields 

brownish colonies on this medium (Tendolkar et al., 2003). During the course of the 

present study, Khan et al. (2004) reported the use of tobacco medium to differentiate C. 

dubliniensis from C. albicans. Khan et al. (2004) reported that 30/30 (100%) of the clinical 

C. dubliniensis isolates tested produced rough, yellowish-brown colonies with hyphal 

fringes and abundant chlamydospores while 54 C. albicans isolates yielded smooth, white- 

to-cream coloured colonies and were chlamydospores negative. In contrast, the present 

study showed that although 51/53 (96%) of the C. dubliniensis isolates tested produced 

yellowish-brown colonies with a hyphal fringe, 2/53 (3.7%) of the C. dubliniensis isolates 

tested yielded smooth, white creamy colonies similar to that produced by C. albicans after 

48 h at 30°C. Furthermore, o f the 35 C. albicans isolates examined, one isolate (2.8%) did 

not grow on tobacco agar, another isolate (1/35, 2.8%) exhibited yellowish-brown colonies 

very similar to that produced by C. dubliniensis and 2/35 (5.7%) C. albicans isolates
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produced white creamy colonies with a hyphal fringe after 72 h of incubation at 30°C The 

remaining 31/35 C. albicans isolates produced smooth, white-creamy colonies with no 

hyphal fringe. Furthermore, 52/53 (98%) C. dubliniensis isolates produced abundant 

chlamydospores within 72 h while one (1/53, 1.8%) isolate did not. In contrast, none of the 

C. albicans isolates (35/35, 100%>) examined produced chlamydospores even after 

prolonged incubation at 30°C. for a week.

Examination of isolates of some non-C. albicans species on tobacco agar revealed 

that these species could not be differentiated from isolates o f C. dubliniensis and C. 

albicans. Therefore, we agree with Khan et al. (2004) that tobacco agar is a useful medium 

for the differentiation of C. dubliniensis from C. albicans. However, the agar does not 

identify C. dubliniensis with 100% accuracy as indicated in their study and therefore 

further identification methods are needed. The most likely explanation for the difference 

betv/een our data and that of Khan e? al. (2004) could be due to the larger and more diverse 

group of C. dubliniensis isolates examined in the present study. However, the disparity in 

the result is unlikely to be due to the different commercial brands o f tobacco used since 

reproducible results were obtained in both studies, even when different commercial brands 

of tobacco were used.

3.4.4 Differentiation of C. dubliniensis from C. albicans on casein agar

Casein agar has been traditionally used to study the decomposition of casein by aerobic 

actinomycetes and dematiaceous fungi (Larone, 1993). However, results presented in the 

present study show, for the first time, that casein agar is a good medium to induce the 

production o f chlamydospores by C. dubliniensis isolates, a feature that can be used to 

differentiate C. dubliniensis from C. albicans. Although 106/109 (97.2%) of the C. 

dubliniensis isolates tested produced abundant chlamydospores on casein agar, nine isolates 

o f C. albicans isolates also produced a few chlamydospores. Attempts to improve 

discrimination between the two species by decreasing the temperature of incubation or by 

modifying the composition of casein agar by varying the amount of skim milk added or by 

incorporating 1% Tween 80 were unsuccessful (data not shown). Nevertheless, casein agar 

seems to be suitable for studying chlamydospore production by fresh isolates, since, when 8 

fresh C. dubliniensis oral isolates and 10 fresh C. albicans oral isolates were tested, all of
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the C. dubliniensis isolates produced abundant chlamydospores within 48 h, whereas none 

o f the C. albicans isolates did. It should be noted, however, that discrimination between C. 

dubliniensis isolates and the nine C. albicans isolates that produced chlamydospores on 

casein agar was achieved by incubating the isolates at 45°C, since all nine C. albicans 

isolates grew well at that temperature, whereas the 109 C, dubliniensis isolates included in 

the study did not (data not shown). Nevertheless, although growth at 45°C alone permitted 

discrimination between C. albicans and C. dubliniensis isolates in the present study, it has 

been reported that some C. albicans isolates are not able to grow at 45°C (Kirkpatrick et a i ,  

1998; Pinjon et a l ,  1998; Milan et al., 2001).

3.4.5 Conclusions

A ttem pts to differentiate C. dublin iensis  from  C. a lb ica n s  on the basis o f  

chalmydospore production and/or colony morphology on the media described above proved 

to be useful. They are easy to prepare in routine clinical mycology laboratories and are 

amenable to large numbers o f clinical samples. In addition, they provide a simple and 

inexpensive means o f differentiating isolates o f C. dubliniensis and C. albicans. In the vast 

m ajority o f  cases, isolates producing abundant chlam ydospores on those media can be 

presumptively identified as C. dubliniensis. However, although casein agar was the least 

expensive and the easiest to be prepared, Pal's medium has an important advantage over all 

the m edia described above in that it perm its an absolute discrim ination between C. 

dubliniensis and C. albicans based on colony morphology o f both species on this medium. 

In general, germ tube-positive oral isolates from HIV-positive and AIDS patients, as well 

as germ tube-positive isolates from sterile sites from other immunocompromised groups, 

should be tested on these readily available media in association with other phenotypic tests 

for C. dubliniensis. These media will also be o f benefit for researchers interested in 

studying the incidence and epidemiology o f this emerging pathogen. In addition, they will 

facilita te  m o lecu la r analysis o f  chlam ydospore developm ent since they induce 

chlamydospore production by C. dubliniensis but not by C. albicans.
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Chapter 4

Identification of a distinct clade of Candida 

dubliniensis from Saudi Arabia and Egypt
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4.1 Introduction

4.1.1 Epidemiological analysis of C. dubliniensis recovered from Saudi Arabia and 

Egypt
Candida dubliniensis was initially associated with oral carriage and infection in Irish 

and Australian HIV-infected and AIDS patients (Sullivan et al., 1995). It has also been 

found as an oral carriage organism in a small percentage of normal healthy individuals, and 

more recently has been implicated as an agent of oral colonisation and disease in other 

immunocompromised groups, such as diabetics and in patients with cancer (Polacheck et 

al., 2000; Sebti et al., 2001; Manfredi et al., 2002; McMullan et al., 2002; Tekeli et al., 

2004). Furthermore, numerous reports have confirmed the presence of C. dubliniensis in 

the oral cavities of HIV-infected individuals from widespread geographic locations 

(Coleman et al., 1997a; Sullivan et al., 1997; Sullivan & Coleman , 1998; Ponton et al., 

2000; Sullivan et al., 2004). However, most reported isolates of C. dubliniensis have been 

recovered from individuals in Europe, the USA, South America and Australia (Polacheck et 

al., 2000; Gee et al., 2002; Sullivan et al., 2004) but there is relatively little information on 

the prevalence or the population structure of this organism in the Middle East. There have 

been a few reports of the isolation of C. dubliniensis in Israel, Saudi Arabia and Kuwait 

(Polacheck et al., 2000; Lefler et al., 2001; Gee et al., 2002; Fotedar & Al-Hedaithy, 2003 

& 2004; Ahmad et al., 2004; McCullough et al., 2004) but little is known about the 

relatedness of C. dubliniensis isolates from this area to isolates from the rest of the world.

The development of the C. dubliniensis species-specific complex DNA fingerprinting 

probe Cd25 by Joly et al. (1999) has allowed the genetic relatedness of individual isolates 

and the population structure of C. dubliniensis to be investigated in detail. Computer- 

assisted analysis of Cd25-generated fingerprint profiles of 57 independent C. dubliniensis 

isolates from 11 different countries by Joly et al. (1999) revealed the existence of two 

distinct C. dubliniensis populations. The results of this study were subsequently confirmed 

by Gee et al. (2002) with 98 C. dubliniensis isolates recovered from 94 separate individuals 

from 15 different countries. In the latter study, Cd25 fingerprint group I isolates were found 

to be associated predominantly with HIV-infected individuals (67.6%), whereas Cd25 

fingerprint group II isolates were associated predominantly with non-HIV-infected 

individuals (70.4%). Cd25-group I isolates were found to consist of closely related isolates
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(average similarity coefficient (S^g) value of 0.8), whereas Cd25-group II isolates were 

found to be less closely related (average value of 0.57) and contained a number of 

distantly related sub-populations and outliers (Gee et ah, 2002). The study of Gee et al. 

(2002) also revealed that Cd25 fingerprint group I isolates consisted of a single genotype 

(genotype 1) based on the nucleotide sequence of the internal transcribed spacer region 

(ITS) of the rDNA gene cluster, whereas Cd25 fingerprint group II isolates were found to 

consist of three genotypes (genotypes 2-4).

The first aim of this part of the present study was to investigate the prevalence of C. 

dubliniensis in oxdA-Candida-^osiixvQ cohorts of immunocompromised patients in Saudi 

Arabia and Egypt.

The second aim was to investigate the relatedness of C. dubliniensis isolates 

recovered from individuals in Saudi Arabia and Egypt to isolates recovered in many 

different countries world-wide by analysis of genotypes and Cd25-generated fingerprint 

profiles.

4.1.2 Resistance to 5-Flucvtosine

5-FC was discovered in 1957 during a search for novel antineoplastic agents. While 

devoid of anticancer properties, it became apparent that it was a potent antifungal agent. 5- 

FC is a water-soluble pyrimidine analogue that is related to the chemotherapeutic agent 5- 

fiuorouracil (5-FU) (White et al., 1998). The antifungal agent 5-FC is metabolised via the 

pyrimidine salvage pathway (Fig. 4.1). 5-FC is taken up by fungal cells via the enzyme 

cytosine permease. It is converted intracellularly to 5-FU by cytosine deaminase, encoded 

by the gene FC Yl. The enzyme uracil phosphoribosyltransferase (UPRTase), encoded by 

the gene FURJ then converts 5-FU to 5-fluorouridine monophosphate (5-dUMP). 5- 

fiuorouridine monophosphate is then converted to 5-fiuorouridine triphosphate which 

disrupts protein synthesis when incorporated into RNA. 5-FU is also reduced to 5- 

fiuorodeoxyuridine monophosphate which inhibits the enzyme thymidylate synthetase and 

hence DNA synthesis. Since human cells lack the enzyme cytosine deaminase, they are 

unable to convert 5-FC to its active metabolites (Whelan & Kerridge, 1984). 5-FC 

resistance however, is mediated through altered metabolism of the drug. Several previous 

studies have indicated that the majority of C. dubliniensis clinical isolates reported in the 

literature are susceptible to commonly used antifungal drugs, including azoles.
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Figure 4.1. Schematic view of 5-Flucytosine metabolism.

Abbreviations; 5-Flucytosine; 5-FU, 5-fluorouracil;. 5-FUMP, 5-fluorouridine monophosphate; UPRT, uracil phosphoribosyltransferase; 
FUDP, 5-fluorouridine triphosphate, FdUMP, 5-fluorodeoxyuridine monophosphate



am photericin B and 5-FC (M oran et a i ,  1997 & 2002; Pfaller et a i ,  1999a & 2002; 

Quindos et a i,  2004). Pfaller et al. (2002) assessed prim ary resistance to 5-FC in 8,803 

clinical isolates o f Candida species, including C. albicans, C. glabrata, C. parapsilosis, C. 

tropicalis, C. krusei, C. duhliniensis, C. guilliermondii, C. lusitaniae, C. fam ata, C. kefyr 

and others. O f the 8,803 isolates investigated, 95% w ere susceptible to 5-FC. A similar 

study to investigate 5-FC resistance in 1,021 Spanish clinical isolates o f Candida  species 

reported that 83.4% o f the isolates studied were susceptible to 5-FC. All C. duhliniensis 

isolates included in both studies (90 isolates from the Pfaller et al. study and 41 isolates 

from the Quindos et al. study) were susceptible to 5-FC. In contrast, two recent studies 

reported an unusually high prevalence o f 5-FC-resistance among C. duhliniensis isolates 

from Saudi Arabia and Kuwait (Fotedar & Al Hedaithy, 2003; Ahmad et al., 2004).

Prim ary resistance to 5-FC in C. alhicans  w as initially recognised in isolates 

belonging to serogroup B. More recently, resistance to 5-FC in C. albicans was linked to a 

single clade (Pujol et al., 2004). A study by Dodgson et al. (2004) demonstrated that 5-FC 

resistance in C. albicans is linked to a point m utation at nucleotide position 301 in the 

FUR}  gene encoding uracil phosphoribosyltransferase (UPRTase) activity that results in 

the replacem ent o f  arginine with cysteine at amino acid position 101 in the translated 

protein. A nother recent study reported that a point mutation in the C  albicans FC Yl gene 

(encoding cytosine deaminase) resulting in a glycine to aspartate substitution at position 28 

in the translated protein may also be associated with 5-FC resistance (Hope et al., 2004).

The third aim  o f the present study sought to further investigate the association 

between the C  duhliniensis isolates recovered from the Middle East and resistance to 5-FC. 

In addition, the m olecular mechanisms o f  prim ary 5-FC resistance in C. duhliniensis 

isolates was also investigated by analysis o f mutations in the C. duhliniensis F U R l and 

F C Yl genes.
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4.2 Materials and Methods

4.2.1 C. dubliniensis clinical isolates

The C. dubliniensis  clinical isolates used in this study that were recovered from 

individual patients in Saudi Arabia, Egypt and Israel are listed in Table 4.1. A total o f 309 

Saudi Arabian patients at the Riyadh Medical Center and the Jeddah Kidney Center, Saudi 

Arabia, and 125 Egyptian patients at the National Institute o f  Diabetes and the National 

Institute o f  Cancer, Cairo, Egypt were tested for the presence o f  oral C. dubliniensis. Prior 

to sampling, the presence o f oral clinical signs and symptoms indicative o f oral candidiasis, 

including pseudom em branous candidiasis, erythem atous candidiasis, m edian rhomboid 

glossitis and angular cheilitis (Coleman et a l ,  1997a), w ere recorded. Swab specimens 

from the mid-dorsum o f the tongue were taken using sterile cotton wool swabs (Venturi, 

Transystem , Copan, Italy). Saudi patients were sampled by m yself (Asmaa Al Mosaid) 

under the supervision o f Dr. N isreen Khan (the Riyadh M edical Center) and Dr. Faisal 

Shaheen (the Jeddah Kidney Center). Egyptian patients w ere sampled by Dr. M otaz 

Kabadaya under the supervision o f Dr. Osama Soliman. Follow ing sampling, each swab 

was placed in a tube o f  sterile hydrated sodium alginate supplied with the swab, labelled, 

packaged and transferred  to laboratory for culture. All sw abs w ere plated onto 

CHROM agar Candida medium (Coleman et al., 1997a; Sullivan & Coleman, 1998). After 

48 h o f incubation at 37°C, the number o f colonies present on each plate, their colour and 

relative abundance were recorded.

In addition, five other C. dubliniensis clinical isolates (SAIOO to SA104) previously 

recovered from various specimens from separate patients at the King Faisal and King 

K halid Hospitals, Riyadh, Saudi Arabia and 16 C  dubliniensis  isolates recovered from 

various specimens from patients at the Hadassah Medical Center, Jerusalem, Israel, were 

included in the study (Table 4.1).

The identity o f all isolates was confirmed as described in chapter 2 section 2.2.

4.2.2 Preparation of yeast DNA and Southern hybridisation

The preparation o f yeast genomic DNA, £coRI restriction enzyme digestion and 

Southern hybridisation with the Cd25 probe were as described in chapter 2 sections 2.3.1 to 

2.3.5.
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Table 4.1. C. dubliniensis clinical isolates used in the study.

C. dublin iensis"  
isolate

Country* 
o f  origin

Y r o f  isolation U nderlying
patient
condition

Sam ple 5FC MlCso' 
Hg/ml

C d25‘'
fingerprint
group

G enoty

E g200 ' Egypt 2002 D iabetes Oral 128 III 4
Eg201 Egypt 2002 C ancer Oral 128 III 4
E g202 Egypt 2002 C ancer Oral 128 III 4
Eg203 Egypt 2002 C ancer Oral 0T 25 1 1
Eg204 Egypt 2002 C ancer Oral 0.125 I 1
Eg205 Egypt 2002 D iabetes Oral 0.125 1 1
Eg206 Egypt 2002 D iabetes Oral 0.125 1 I
Eg207 Egypt 2002 D iabetes Oral 128 HI 4A''

SAIOO' S. A rabia 2002 Leukem ia Oral 128 III 3
s A i o r S. A rabia 2002 Leukem ia Oral 0.125 1 1
SA 102 ' S. A rabia 2002 Leukem ia Blood 0.125 1 1
SA103 S. A rabia 2002 Pneum onia BAL 128 III 3
SA104 S. A rabia 2002 Pneum onia Oral 128 III 4
SA 105 ' S. A rabia 2002 D iabetes Oral 0.125 I I
SA106 S. A rabia 2002 Diabetes Oral 0.125 1 1
S A 107 ' S. A rabia 2002 D iabetes Oral 128 HI 3
SA108 S. A rabia 2002 D iabetes Oral 128 III 3
SA 109 S. A rabia 2002 D iabetes Oral 128 III 3
S A IIO S. A rabia 2002 D iabetes Oral 128 111 3
S A l l l S. A rabia 2002 D iabetes Oral 128 111 3
SA112 S. A rabia 2002 D iabetes Oral 128 111 3
S A 113 ' S. A rabia 2002 D iabetes Oral 128 111 4
SA 114 S. A rabia 2002 D iabetes Oral 128 111 3
SA115 S. A rabia 2002 D iabetes Oral 0.125 I 1
SA116 S. A rabia 2002 D iabetes Oral 0.125 I 1
SA 117 S. Arabia 2002 D iabetes Oral 128 III 3
SA118 S. A rabia 2002 S/P renal Tx Oral 128 111 3
S A 1I9 S. A rabia 2002 S /P renal Tx Oral 128 111 3
SA 120 S. A rabia 2002 S /P renal Tx Oral 128 111 3
SA121 S. A rabia 2002 s /p renal Tx Oral 128 111 4

ls34 Israel 2000 Liver transplant BAL 0.125 N D 3
ls35 Israel 2001 N ephritis Oral 0.125 11 4B
ls36 Israel 2001 CF Sputum 0.125 11 3

Is38 Israel 2001 SBE Urine 0.125 ND 1

Is39 Israel 2001 Stroke Sputum 0.125 ND 1
ls40 Israel 2002 Renal Failure Throat 0.125 ND 1

Is41 Israel 2002 CF Sputum 0.125 ND 1
Is42 Israel 2002 L eukem ia Throat 0.125 ND 1
Is43 Israel 2002 CF Sputum 0.125 ND 1
Is44 Israel 2002 CF Sputum 0.125 ND 1
ls45 Israel 2002 CF Sputum 0.125 1 1
ls46 Israel 2002 Traum a BAL 0.125 N D 1

Is47 Israel 2002 C iliary D yskinesia Sputum 0.125 I 1

Is48 Israel 2002 CF Sputum 0.125 N D 1
Is49 Israel 2003 CF Sputum 0.125 11 2

Is5l Israel 2003 Post surgery ENT 0.125 N D I



“ Isolates marked with an asterisk had their F C Yl and FU R l genes amplified and sequenced.
* Egyptian and Saudi Arabian isolates were all recovered from Arab individuals, whereas Israeli isolates 
were recovered from Jewish individuals apart from Is35, Is40, Is43 and Is44, which were recovered from 
Arab individuals in Israel.

MIC values were determined according to theN CCLS document 27-A2 (NCCLS, 1997).
Refers to m ajor groups o f isolates (Fig. 5.6) identified following com puter-assisted analysis o f  Cd25- 

generated hybridization fingerprint profiles o f & oR I-d igested  genom ic DNA using the DENDRON 
computer software package. Only 5 selected Israeli isolates were fingerprinted in the present study although 
all sixrteen were genotyped.

Determined by PCR using the genotype-specific primers described by Gee et al. (2002).
^The nucleotide sequence o f the ITS region o f the variant genotypes 4A and 4B differed from the genotype 
4 ITS consensus sequence at one and two nucleotide positions, respectively
Abbreviations: S. Arabia, Saudi Arabia; BAL, broncheoalveolar lavage; ENT, endotrachael aspirate; SBE, 
subacute bacterial endocarditis; S/P renal Tx, stage-post renal transplantation; CF, Cystic fibrosis; ND, not 
done.



4.2.3 Preparation of the Cd25 fingerprinting probe

Cd25 is a genomic sequence containing a dispersed repetitive element cloned from C. 

dubliniensis into bacteriophage Lambda EMBL3 (Joly et al., 1999). Cd25 DNA was 

prepared as described in chapter 2 section 2.4.5.

4.2.4 Computer assisted analysis of DNA fingerprint profiles

Computer-assisted analysis of DNA fingerprint patterns of C. dubliniensis isolates 

generated with the C. dubliniensis-s,^QQ.\f\c repetitive sequence containing probe Cd25 were 

performed as described previously (Schmid et al., 1990; Joly et a l, 1999). To analyse DNA 

fingerprint patterns, DNA hybridisation patterns on autoradiographs were digitised using 

the DENDRON software package version 4.0 (Solltech, Iowa City, Iowa, USA) using an 

Epson scanner (Seiko Epson Corp., Japan). The fingerprint pattern o f the C. dubliniensis 

isolate CM6 (Sullivan et a l, 1995) was used as a reference in each experiment as a 

universal standard to link data from different autoradiographs. Distortions in autoradiogram 

images were corrected using the unwarping and straightening options o f DENDRON. 

Lanes and bands were automatically identified and analysed. Patterns o f different C. 

dubliniensis isolates were compared by computing similarity coefficient values (S^g) 

between every possible pairwise combination of isolates studied. The S^g computation was 

based on band positions alone according to the formula 5ab=2E (2E +a+b), where E is the 

number of bands in patterns A and B sharing the same positions, a is the number of bands 

in pattern A with no correlates in pattern B and b is the number of bands in pattern B with 

no correlates in pattern A. An S^g of 0.00 indicates A and B patterns with no bands in 

common, an S^g of 1.00 indicates A and B patterns with all bands matching and S^g's from 

0.01 to 0.99 represent patterns with increasing numbers of bands at the same position. The 

unweighted pair group method was used to create dendrograms using DENDRON based on 

S^Q values (Soil, 2000).

4.2.5 Genotyping using PCR amplification

Template DNA from each of the Saudi Arabian, Egyptian and Israeli C. dubliniensis 

isolates investigated in this study was tested in separate PCR amplification experiments 

with each of the primer pairs GIF/GIR, G2F/G2R, G3F/G3R, and G4F/G4R to identify the 

genotype of the isolates as described by Gee et al. (2002). Genotypes are ascribed based on
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Table 4.2 International Candida dubliniemis iso la te s te s ted  for susceptibility to 5-FC.

C. dubliniensis 
isolates

C ountry  of 
origin

Y ear of 
isolation

Body
site

5 FC M IC m 

Hg/nil
G enotype ^ Reference

CM6 Australia 1992 Oral 0.125 1 Sullivan et a l ,  1995, Gee et a l ,  2002

Can6 Canada 1996 Oral 0.125 2 Pinjon et a l ,  1998, Gee et a l ,  2002

Can9 Canada 1996 Oral 0.125 2 Pinjon et a l ,  1998, Gee et a i ,  2002

CD516 Finland 1996 Oral 0.125 1 Pinjon et a i ,  1998, Gee et a i ,  2002

CD96.54 Germany 1996 Oral 0.125 1 Pinjon et a i ,  1998, Gee et a i ,  2002

CD159 Greece 1995 Oral 0.125 1 Pinjon et a i ,  1998, Gee et a i ,  2002

CD98923 India 1998 Oral 0.125 1 Al Mosaid et a l ,  2001, Gee et a l ,  2002

CD 36‘ Ireland 1988 Oral 0.125 1 Sullivan et a l ,  1995, Gee et a l ,  2002

CD506* Ireland 1989 Oral 0.125 2 Pinjon et a l ,  1998, Gee et a i ,  2002

CD514* Ireland 1995 Oral 0.125 3 Gee et a i ,  2002

CD519* Ireland 1997 Oral 0.125 3 Pinjon et a i ,  1998, Gee et a l .  2002

CD531 Ireland 1998 Oral 0.125 2 Gee et a!., 2002

P7276 Israel 1999 RT 0.125 3 Polacheck et a!., 2000, Gee et a i ,  2002

P6265' Israel 1999 Sputum 0.125 3 Polacheck et a l, 2000, Gee et a i,  2002

P6785 Israel 1999 Urine 0.125 3 Polacheck et al.. 2000, Gee et a i .  2002

P7718* Israel 1999 wound 0.125 4 Gee et al., 2002

CBS 8501 Netherlands 1998 Blood 0.125 1 Meis eta \.. 1999, Gee e ta l .  2002

CBS2747 Netherlands 1952 sputum 0.125 2 Meis e ta l ,  1999, Gee a/., 2002

CDI9398 Norway 1998 Oral 0.125 1 Al Mosaid et a i ,  2001, Gee et a l ,  2002

CD249I Spain 1994 Oral 0.125 1 Pinjon et a l ,  1998, Gee et a i ,  2002

CD75043 UK 1975 Oral 0.125 2 Pinjon et a l ,  1998, Gee e ta l ,  2002

CD541 UK 1997 Blood 0.125 2 Pinjon et a l ,  1998, Gee et a l ,  2002

m26b UK 1995 Oral 0.125 2 Pinjon et a l ,  1998, Gee el a i ,  2002

m l96cd UK 1995 Oral 0.125 1 Pinjon et a l ,  1998, Gee et a i ,  2002

"The C. dubliniensis isolates were included in a previous study by Gee et a i ,  (2002).
* MIC values were determined according to the NCCLS document 27-A2 (NCCLS, 1997). 
'^Determined by PCR using the genotype-specific primers described by Gee et al.

(2002 ).
Isolates marked with an asterisk had their F C Yl and F U R l genes amplified and sequenced. 
Abbreviations; RT, respiratory tract.



the nucleotide sequence o f  the internal transcribed spacer 1 and 2 (IT Sl and ITS2, 

respectively) regions and the intervening 5.8S rRNA gene (White et al., 1990). Template 

DNA from the four reference C. dubliniensis isolates (CD36, genotype 1; Can4, genotype 

2; CDS 19, genotype 3 and p7718, genotype 4) previously described by Gee et al. (2002) 

was used in control experiments. Each PCR was carried out with one pair o f  genotype- 

specific primers and the universal fungal primers R N A F/R N A R  (Fell, 1993), which  

amplify approximately 610 bp from all fungal large-subunit rRNA genes and were used as 

an internal positive control. PCR was carried out using Taq D N A polymerase (Promega). 

Each 100 (il PCR reaction with genotypes 1, 2 and 3 specific  primers, respectively, 

contained 10 mM KCl, 0.1% (v/v) Triton X -100, dATP, 10 mM Tris/HCl (pH 9.0 at 25°C); 

dTTP, dCTP and dGTP at 200 |iM  each; 2.5 U o f  Taq polymerase; 300 nM o f  each primer, 

1.5 mM M gCl2  and either 100 ng o f  purified template D N A  or rapidly prepared template 

DNA obtained by boiling yeast cells. Template D N A  obtained by the latter method was 

prepared by boiling a single 48-h old PDA-grown colony in 50 |j,l o f  sterile ultrapure H2 O 

for 10 min. After boiling, the debris was pelleted by centrifugation and the D N A contained 

in 25 [il o f  the supernatant was used as template for subsequent PCR reactions. The PCR 

cycling conditions were as follows: initial denaturation for 3 min at 95°C, followed by 30 

cycles o f  1 min at 95°C, 1 min at 50°C, 20 sec at 72°C and a final extension for 10 min at 

72°C. Genotype 4-specific PCR was carried out as described above except 20 )^M dNTPs 

v/ere used and the annealing temperature was 55°C. Follow ing PCR, 10 |il aliquots o f  the 

aniplification mixture from genotype 1 -, 2-, 3 and 4- specific PCR reactions were separated 

by electrophoresis through 2.4% (w/v) agarose gels containing 0.5 |ag/ml ethidium bromide 

aid were visualised on a UV transilluminator. Genotyping experiments were performed on 

a m inimum o f  two occasions with each isolate tested using separately prepared C. 

aubliniensis template DNA.

Two isolates (Eg207 and ls35 . Table 4.1) failed to yield amplimers with any o f  the 

ginotype-specific primer sets described above. The ITS1/ITS4 primer pair were used to 

anplify the internal transcribed spacer 1 and 2 (IT Sl and ITS2, respectively) regions and 

the intervening 5.8S rDNA gene o f  these C. dubliniensis  isolates as described previously 

(Gee et al., 2002). These primers are complementary to conserved regions o f  the fungal 

HS (small ribosomal subunit gene) and 25S (large ribosomal subunit gene) rDNA genes, 

respectively, w hich flank the IT Sl and ITS2 regions (W hite et al., 1990). PCR
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am plifications were performed using the High Fidelity PCR System (Roche Diagnostics 

Ltd.) following the recommendations o f the manufacturer. In brief, each 100 |o,l reaction 

contained 120 mM Tris-HCl (pH 7.5 at 25°C); 100 mM KCl; 1 mM dithiothreitol; 0.1 mM 

EDTA; 0.5% Tween 20 (v/v); 0.5% Nonidet P40 (v/v); 50% glycerol (v/v); dATP, dTTP, 

dCTP and dGTP at 200 (iM each; 2.6 U o f Expand High Fidelity PCR System enzyme mix; 

300 nM  o f IT S l, 300 nM o f ITS4; 1.5 mM M gCl2  and 100 ng o f tem plate DNA. 

Amplification reactions were carried out in a thermal cycler (MBS) with initial denaturation 

for 3 min at 95°C, followed by 35 cycles o f 1 min at 95°C, 1 min at 58°C, 2 min at 72°C and 

a final extension for 10 min at 72°C. Following amplification, the amplimers were purified 

as described in chapter 2 section 2.4.2 and cloned into pBluescript II KS(-) by conventional 

methods (Sambrook et al., 1989).

4.2.6 Antifungal susceptibility testing

The 22 Saudi Arabian, the 8 Egyptian and 16 Israeli C. dubliniensis isolates (Table 

4.1) investigated in this study were tested for susceptibility to flucytosine (5-FC) by the 

broth microdilution method described in the National Committee for Clinical Laboratory 

Standards (NCCLS) document M27-A2 (NCCLS, 1992). In addition, 24 C. dubliniensis 

isolates (Table 4.2) from the Gee et al. study (2000) recovered from 12 different countries 

were also tested (these included 10 Cd25-group I isolates (genotype 1) and 14 Cd25-group 

II isolates (eight genotype 2, five genotype 3 and one genotype 4). A stock solution o f 5-FC 

(Sigma-AIdrich Ltd.) was prepared in water at a concentration o f 1 mg/ml. Serial dilutions 

were then made in RPMI 1640 medium (Sigma-Aldrich ltd.) buffered to pH 7.0 with 0.165 

M morpholinepropanesulfonic acid. Testing was carried out in a final volume o f 100 |̂ 1 in 

96-well plates containing final concentrations o f 5-FC ranging from 0.12 to 128 [ig/ml with 

an inoculum density o f  1.5± 1 x 10  ̂ cfu. Drug-free and yeast-free controls were included in 

each plate. After 48 h o f incubation at 30°C, the cell density was measured at 450 nm with 

an autom ated plate reader (Spectra I, SLT, Austria). The MICs were determined as the 

lowest concentration o f 5-FC that reduced turbidity by 50% (MIC50) relative to the growth 

o f the drug-free growth controls. All isolates were tested on a minimum of two occasions in 

separate experiments. The results were interpreted according to the criteria o f the NCCLS 

using the following breakpoints: susceptibility, <4 |ig per ml; intermediate resistance, 8 to 

16 ^g per ml; resistance, >32 |igper ml.
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Table 4.3 Nucleotide sequence" of PCR primers used to amplify the C. dubliniensis FURl and 
FCY] genes.

Primer Sequence (5' to 3') Nucleotide coordinates*

FCY IF CGGCATATTAATTCCGCTTG -145 t o -164

FCYIR CGAATTCTCTTCTGCTTCTG +106 t o +125

FURIF ATGTGGGTTACATCAGAAGA -198 to -217

FURIR TCTCGCGACCCTCCTCTAAC +205 to +224

“ The nucleotide sequence o f  the C. dubliniensis F U R l  and F C Y l  genes were obtained from the C. 
dubliniensis genome sequence database (http://www.sanger.ac.Uk/Proiects/C dubliniensis/l.
* Nucleotide coordinates for C. dubliniensis  genes F U R l  and F C Y l  are as indicated with the first base o f  
the ATG start codon designated + 1.



Amplification and sequencing of C  dubliniensis F C Y l and F U R l genes

The sequences o f the C. albicans genes F C Y l (GenBank accession no. U55194) and 

7Vhl (Stanford orf6.3823) were used in a BLAST search against the C. dubliniensis  

geicme sequence database (The Wellcome Trust Sanger Institute C. dubliniensis genome 

5e(}u;nce project; http://w w w .sanger.ac.uk/Projects/C_dubliniensis/) to identify the C. 

dwlniensis homologous. The primer pairs F C Y IF I/FC Y IR I and FU R IFI /FU R IR I were 

ce'igned to amplify the complete ORFs o f each o f the C. dubliniensis genes including some 

ipjtieam and downstream  sequences (Table 4.3). The com plete open reading frames 

(DjlFs) o f the C. dubliniensis genes encoding uracil phosphoribosyltransferase {CdFU Rl) 

and cytosine deaminase (CdFCYI) were amplified by PCR from 7 selected Middle Eastern 

isola'.es, including four 5-FC-resistant (M IC 50  >128 |xg/ml) and three 5-FC-susceptible 

(VIIC50  <0,125 ug/m l) isolates and their nucleotide sequences determ ined (Table 4.1). 

Thjse were compared with the corresponding sequences o f  the 5-FC-susceptible reference 

STcirs CD36 and CM 6  (genotype 1), CD506, Can6  and CD541 (genotype 2), CDS 19 and 

p5I65 (genotype 3) and p7718 (genotype 4) (Table 4.2) which were described previously 

by Gee et al. (2002). PCRs were performed in 100 |ul volum es containing 100 ng o f 

purified tem plate DNA, 120 mM Tris-HCl (pH 7.5 at 25°C); 100 mM KCl; 1 mM 

d;thiothreitol; 0.1 mM EDTA; 0.5% (v/v) Tween 20; 0.5% (v/v) Nonidet; P40 50% (v/v) 

g!y:erol; dATP, dTTP, dCTP and dGTP at 200 |iM  each; 2.6 U o f  Expand High Fidelity 

PCR. System enzyme mix; 200 nM, each o f  either F C Y IF I/FC Y IR I or FU R IFI /FU R IR I 

and 2 mM M gCl2 . The reaction mixtures were subjected to initial denaturation for 7 min at 

94'^C; 30 cycles o f  1 min at 94°C, 1 min annealing at 50°C for F C Yl or 52.5°C for FURl, 

and 1 min at 74°C. The final extension was for 10 min at 72°C. Amplification products 

vtere purified as described previously in chapter 2 section 2.4.2 and sequenced in both the 

forward and reverse directions with the primers used for their amplification. PCRs with 

each isolate tested were performed a minimum of three times in separate experiments with 

separately prepared template DNA. At least three am plim ers from each separate PCR 

experiment were sequenced for each isolate tested.

4.2.8 DNA Sequence analysis

Sequencing was carried out as described in chapter 2 section 2.5.
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Table 4.4 R ecovery o f  oral C  du b lin ien s is  from Saudi A rabian and Egyptian patients".

No. patients
Underlying
disease

No. with 
oral candid-

• aasis

No. oral
Candida-
positive

No. yielding 
C. dubliniensis^

Saudi Arabia‘S
160 RT 42(26.3%) 104(65%) 4(2.5%)
132 DM 9(6.8%) 78(59%) 13(9.9%)
17 HIV+ 0(0%) 12(70.6%) 0(0%)

Egypt
58 Neoplasia 12(20.7%) 39(67.2%) 4(6.9%)
67 Diabetes 6 (8.9%) 49(73.1%) 4(6.0%)

'otal 432 69(16% ) 282(65.3%) 25(5.8%)

Swabs from all individuals with clinical symptoms indicative o f oral candidiasis yielded semi-confluent or 
onfluent growth o f Candida species.
Six o f the 25 C. dubliniensis isolates were recovered as pure cultures, whereas the remaining 19 were 
solated in mixed culture with other Candida species, predominantly C. albicans.
n addition to the isolates referred to above, five additional C. dubliniensis isolates, recovered from various 
oecimens from separate Saudi Arabian individuals (SAIOO to SA104, Table 5.1) were included in the 
mdy but details on whether they were isolated with other yeast species was not available, 
abbreviations: RT, Renal transplant; DM, diabetes mellitus; H1V+, HIV-infected.
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specim ens from separate Saudi Arabian individuals (SAIOO to SA104, Table 5.1) were included in the 
study but details on whether they were isolated with other yeast species was not available.
Abbreviations; RT, Rena! transplant; DM, diabetes mellitus; HIV+, HIV-infected.



4.1 Results

4.3.1 Candida dubliniensis from Saudi Arabian and Egyptian patients

Oral swab samples were obtained from 434 im munocom promised patients in four 

hospitals in Saudi Arabia and Egypt. The proportion o f  individuals sampled from each 

country that were oral-Ca«<i/(ia-positive was similar (Saudi Arabia 62.8%, Egypt 70.4%) as 

was the proportion o f  individuals that yielded C. dubliniensis (Saudi Arabia 5.5%>, Egypt 

6.4%). Details o f the Saudi Arabian and Egyptian cohorts sampled and the prevalence o f 

oral C. dubliniensis and other Candida species recovered from these cohorts are shown in 

Table 4.4. In total, 17 Saudi Arabian and 8 Egyptian C. dubliniensis  isolates were 

recovered from the patient cohorts sampled. Five additional Saudi Arabian C. dubliniensis 

isolates were obtained from patients in two other hospitals in Saudi Arabia, resulting in a 

collection o f 30 Saudi Arabian and Egyptian isolates for this study. An additional 16 C. 

dubliniensis isolates recovered in an Israeli hospital were included for comparison (Table 

4.1).

4.3.2 Genotyping of C. dubliniensis isolates

In order to begin to investigate the population structure and diversity o f C. 

dubliniensis isolates recovered in Saudi Arabia and Egypt, the 30 C. dubliniensis isolates 

recovered from separate Saudi Arabian (22 isolates) and Egyptian (8 isolates) patients were 

genotyped by PCR analysis. Sixteen C. dubliniensis  isolates recovered from individual 

patients in Israel were used for comparison. Template DNA from each isolate was tested 

separately in PCR experiments with each o f the genotype-specific prim er pairs G IF /G IR , 

G2F/G2R, G3F/G3R and G4F/G4R previously described by Gee et al. (2002). These 

primers allow C. dubliniensis isolates to be grouped into one o f  four genotypes based on 

the nucleotide sequence o f the ITSl and ITS2 regions and the intervening 5.8S rRNA gene 

region o f  the rDNA gene cluster. W hile all C. dubliniensis isolates should produce a 

product o f approxim ately 610 bp with the RNAF/RNAR prim ers, only C. dubliniensis 

isolates belonging to the correct genotype should yield a product o f  approximately 330 bp 

with the appropriate genotype-specific primer pair. Six (27.3%) o f the Saudi Arabian and 4 

(50%)) o f the Egyptian isolates tested were found to belong to genotype 1, whereas none o f  

the Saudi Arabian or Egyptian isolates tested belonged to genotype 2. Thirteen (59.1%) o f 

the Saudi Arabian isolates but none o f the Egyptian isolates belonged to genotype 3. The
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rem aining 3 Saudi A rabian isolates and three o f  the four rem aining Egyptian isolates 

belonged to genotype 4 (Table 4.1).

One Egyptian isolate (Eg207) failed to yield an amplimer with any o f  the genotype- 

specific primer pairs G IF/G IR , G2F/G2R, G3F/G3R and G4F/G4R. In order to investigate 

Eg207 further, the ITS region from this isolate was amplified by PCR using the ITS1/ITS2 

prim er pair (W hite et al., 1990), cloned and its nucleotide sequence determ ined and 

compared with the corresponding ITS sequences o f genotypes 1 -4 previously reported by 

Gee et al. (2002). The ITS sequence o f Eg207 was found to differ from the C. dubliniensis 

genotype 4 consensus sequence at nucleotide position 82 (T to C transition) using the 

num bering system o f Gee et al. (2002). Isolate Eg207 was deemed to be a genotype 4 

variant termed genotype 4A (Fig. 4.2).

O f the 16 C. dubliniensis isolates from Israel included in the study, 12/16 (75%) 

belonged to genotype 1, 1/16 (6.3%) belonged to genotype 2 and 1/16 (6.3%) belonged to 

genotype 3. The remaining isolate (Is35) failed to yield an am plim er with any o f the 

genotype-specific primer pairs and had its ITS region amplified and sequenced as described 

above for Egyptian isolate Eg207. The ITS sequence o f Is35 was found to differ from the 

C. dubliniensis genotype 4 ITS consensus sequence at nucleotide positions 63 (T to C 

transition) and 82 (T to C transition) and was deemed to be a genotype 4 variant termed 

genotype 4B (Fig. 4.3).

These results demonstrated that genotype 3 and genotype 4 isolates predominated 

(20/30, 66.6%i) among the combined Saudi Arabian and Egyptian isolates studied. This is 

in contrast with the Israeli isolates, where genotype 1 isolates predominated (12/16, 75%>), 

and with the 98 C. dubliniensis isolates from the Gee et al. study (2002) recovered in 15 

different countries from around the world where genotype 1 isolates predominated (71/98, 

72%).

4.3.3 DNA fingerprint analysis of Saudi Arabian and Egyptian C. dubliniensis isolates

In order to investigate the unexpectedly high prevalence o f genotype 3 and genotype 

4 isolates and the range o f  genetic diversity among C. dubliniensis isolates from Saudi 

A rabia and Egypt the 30 isolates included in the study were fingerprinted with the C. 

dubliniensis-s^QCific com plex DNA fingerprinting probe Cd25. Only 5 o f the Israeli
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Figure 4.2 Alignment of the sequences of the ITSl, 5.8S rRNA gene, and ITS2 regions of 
C. dubliniensis strains representative o f genotypes 1 (CD33), 2 (CD520), 3 (CDS 19), 4 
(p.7718) and the 4A variant Egyptian isolate Eg207 generated using the Clustal W software 
package. The central 5.8S rRNA gene sequence is shown in italics, whereas the ITSl and 
ITS2 sequences located 5' and 3', respectively, are shown in plain text. Identical nucleotides 
are indicated by asterisks and gaps are indicated by hyphens. Sequences o f the C. 
dubliniensis genotype-specific primers GIF/GIR, G2F/G2R, G3F/G3R, and G4F/G4R are 
underlined.



isolates were fingerprinted because the m ajority (12/16) belonged to genotype 1 and a 

previous study from this laboratory dem onstrated that genotype 1 Israeli C  dubliniensis 

isolates belong to Cd25 fingerprint group I (Gee et al., 2002). The Israeli isolates 

fingerprinted included the two genotype 1 isolates Is45 and Is47, the genotype 2 isolate 

Is49, the genotype 3 isolate Is36 and the genotype 4B variant isolate Is35 (Table 4.1). The 

Cd25 DNA fingerprint profiles were subjected to com puter-assisted analysis with the 

fingerprint profile analysis software package DENDRON. S ab  values were computed for 

every possible pairw ise com bination o f  isolates and these data were used to construct 

dendrogram s show ing the relationships betw een the isolates. Exam ination o f  the 

dendrogram  constructed from fingerprint data obtained w ith the Saudi A rabian and 

Egyptian isolates revealed that the 30 isolates could be clearly divided by a node at an S ab  

value o f  0.05 into two distinct main populations o f  isolates, the first corresponding to 

genotype 1 and the second to genotypes 3 and 4, respectively, (Fig.4.4). The total collection 

o f Saudi Arabian and Egyptian isolates had an average S a b  value o f 0.28 ± 0.27. The first 

sub-population (genotype 1) o f isolates had an average Sab value o f 0.86 ± 0.27, whereas 

the second subpopulation (genotype 3 (average S a b  value 0.47 ± 0.15) and genotype 4 

(average S a b  value 0.53+0.22) had an average S ab  value o f 0.35±0.19.

In order to investigate the relationships between the two populations o f Saudi Arabian 

and Egyptian isolates identified in this collection and the two groups (Cd25-group I and 

Cd25-group II, respectively) identified in isolates from countries around the world by Joly 

et al. (1999) and verified by Gee et al. (2002), a mixed dendrogram was generated from the 

30 Saudi Arabian and Egyptian isolates, the 5 Israeli isolates and 51 independent isolates 

from 13 countries from the Gee et al. study (2002) (which included 32 isolates from Cd25- 

group I and 19 isolates from Cd25-group II. Exam ination o f  the mixed dendrogram  

revealed that the isolates could be clearly divided at an S a b  node o f 0. 05 into three distinct 

populations (Fig. 4.5). The first group o f isolates (average Sab value o f  0.63 ± 0.12) 

consisted solely o f genotype 1 isolates and corresponded to Cd25-group I previously 

described by Joly et al. (1999) and Gee et al. (2002). This group contained the 6 Saudi 

Arabian (S A lO l, SA102, SA105, SA106, SA I15 and SA116), the 4 Egyptian (Eg203, 

Eg204, Eg205 and Eg206) and the 2 Israeli (Is45 and Is47) genotype 1 isolates 

fingerprinted in this study mixed with isolates from the Gee et al. (2002) study. The second 

group o f isolates (average 5"ab value o f  0.37 ± 0.30) corresponded to Cd25-group II
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Figure 4.4 D endrogram  generated from  the sim ilarity  coeffic ien ts (Sabs) com puted for every possib le 
pairw ise com bination  o f  30 C. dubliniensis  isolates recovered  from  individual patients in Saudi A rabia and 
Egypt fm gerprin ted  w ith  Cd25. The provenance o f  the isolates is show n in Tables 1 and 2. A t an 5'ab node 
o f  0.05, the isolates are divided into tw o m ain populations. The first o f  these populations consists so lely  o f  
genotype 1 isolates and are closely related w ith an average S ab value o f  0.86±0.27. The second population 
consists o f  genotype 3 and genotype 4 isolates that are less closely  related to  each other than genotype 1 
isolates w ith an average value o f  0.35±0.19. A t an 5'ab node o f  0.22 the second population is divided 
into tw o sub-populations consisting o f  genotype 3 and genotype 4 isolates, respectively.



previously described by Joly et al. (1999) and Gee et al. (2002) and did not contain any 

Saudi A rabian or Egyptian isolates, but contained the other three Israeli isolates 

fingerprinted in this study including Is49 (genotype 2), Is36 (genotype 3) and Is35 

(genotype 4B) mixed with isolates from the Gee et al. (2002) study. The third group o f 

isolates (average S a b  value o f 0.35 ± 0 .1 9 ) consisted o f the 20 genotype 3 and genotype 4 

Saudi Arabian and Egyptian isolates included in this study together with the genotype 4 

Israeli isolate p7718 from the study o f Gee et al. (2002). This latter isolate was a distinct 

outlier within Cd25-group II in the study o f Gee et al. (2002). None o f the Saudi Arabian or 

Egyptian genotype 3 or genotype 4 isolates mixed with any o f  the Cd25-group I or Cd25- 

group II isolates from the Gee et al. (2002) study. These findings dem onstrated that 

genotype 3 and genotype 4 Saudi Arabian and Egyptian C. dubliniensis isolates consist o f a 

hitherto undescribed clade o f  isolates that is prevalent in Saudi Arabia and Egypt, but apart 

from the Israeli isolate p7718, was absent from the international collection o f isolates from 

the study o f  Gee et al. study (2002). The third group o f C. dubliniensis isolates forming the 

novel Saudi Arabian and Egyptian clade was termed Cd25-group III (Fig. 4.5).

The Cd25-generated fingerprinted patterns o f  C. dubliniensis  isolates within the 

Cd25-group III clade are very distinct from the corresponding patterns o f Cd25-group I and 

Cd25-group II isolates and can be easily distinguished by direct visual comparison (Fig. 

4.6). In particular, Cd25-group III isolates yield fingerprints with far fewer bands (i.e. 

between 8-13 bands) compared with Cd25-group I and Cd25-group II fingerprint profiles 

(i.e. 15-20 bands). More strikingly, the majority o f Cd25-group III isolates investigated in 

this study have no or very few bands below 3.5 kb (Fig. 4.6 & 4.7).

Examination o f  the dendrogram shown in Fig. (4.5) revealed the presence o f closely 

related clusters o f isolates (e.g. S ab  values >0.9) are evident among the Saudi Arabian and 

Egyptian isolates. In some cases clusters correspond to the hospital o f isolation and the 

country o f origin o f the isolates. For example, there are two pairs o f Saudi isolates, SA l 16 

and SA l 15 and SA105 and SA106, respectively, that are com prised o f isolates from the 

same hospital in Riyadh- Saudi Arabia. There is also another cluster o f  Saudi isolate 

(SAlOl )  with two Egyptian isolates (Eg206 and Eg205), the later recovered from two 

different patients in the same hospital. The two pairs o f  identical isolates (Eg206, Eg205 

and Eg202, Eg201) were collected from different patients attending the same hospital.
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Figure 4.6 Model generated using the DENDRON software package showing band position and intensity 
o f  Cd25-generated hybridization fingerprint patterns o f  £coRI-digested genomic DNA o f  C. dubliniensis 
isolates belonging to the major clades Cd25-group 1, Cd25-group II and the novel 5-FC-resistant Saudi 
Arabian and Egyptian clade Cd25-group III identified in this study. Molecular sizes in kilobases are shown 
on the left. The C. dubliniensis isolates from which the corresponding patterns in the lanes were obtained 
with the genotype (G) shown in parenthesis are as follows: lane 1, CM6 (Gl); lane 2, CDS 18 (Gl); lane 3, 
SA103 (Gl); lane 4, Eg204 (Gl); lane 5, Can9 (G2); Lane 6, CDS 14 (G2); lane 7, Is49 (G2); lane 8, p626S 
(G3); lane 9, SA103 (G3); lane 10, SA121 (G4); lane 11, SA119(G3); lane 12, Eg201 (G4).



W hether both patients in each case harboured the same strain which may be endemic to the 

respective hospital was not investigated.

4.3.4 Flucytosine resistance in C. dubliniensis isolates

All o f the Saudi Arabian, Egyptian and Israeli C. dubliniensis isolates included in the 

study (Table 4.1) were tested for susceptibility 5-FC using the Rodriguez-Tudela and 

M artinez-Suarez modified broth microdilution method (1995).

A selection o f 24 independent C. dubliniensis isolates from 12 different countries 

from the Gee et al. study (2002) were also included for com parison (which included 10 

Cd25-group I isolates (genotype 1) and 14 Cd25-group II isolates (eight genotype 2, five 

genotype 3 and one genotype 4) (Table 4.2). All 10 Cd25-group I (genotype 1) Saudi 

Arabian and Egyptian isolates, all 16 Israeli isolates and all 24 reference isolates from the 

Gee et al. study (2002) were found to be 5-FC susceptible (M IC50 <0.125 |ig/ml). In 

contrast, all 20 o f the Saudi Arabian and Egyptian isolates belonging to Cd25-group III 

(genotypes 3 and 4) were 5-FC-resistant (MIC50> 128 |ig/ml) (Table 4.1). Interestingly the 

Israeli isolate p7718 which belongs to this group was susceptible to 5-FC (M IC50 <0.125 

|ig/ml). These findings demonstrated that the Saudi Arabian and Egyptian isolates forming 

the novel CD 25-group III clade can be distinguished from  C. dubliniensis  isolates 

belonging to other groups on the basis o f resistance to 5-FC.

4.3.5 Analysis of C. dubliniensis FCYl and FURl gene sequences.

The complete ORFs o f C. dubliniensis F U R l and F C Yl genes together with flanking 

sequences were amplified by PCR with primers specific for the C. dubliniensis-FU Rl and 

FC Yl genes (Table 4.3). The C. dubliniensis F U R l gene is 841 bp in length and exhibited 

93.3% homology with the C. albicans gene (Fig. 4.8). The C. dubliniensis F C Y l gene is 

529 bp in length and exhibited 100% homology w ith the C. albicans  gene (Fig. 4.9). 

A m plim ers o f both genes were obtained and sequenced from the three 5-FC-resistant 

(M IC50 >128 |ag/ml) Saudi Arabian isolates SAIOO, SA107 (both genotype 3) and SAl 13 

(genotype 4), from three 5-FC-susceptible (M IC50 <0.125 |u.g/ml) Saudi Arabian isolates 

SA lO l, S A l02 and S A l05 (all genotype 1) and from the 5-FC-resistant (M IC50 >128 

|ig/m l) Egyptian isolate Eg200 (genotype 4). These sequences were compared with the 

corresponding sequences obtained from selected 5-FC-susceptible (M IC50 <0.125 |Xg/ml)
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Figure 4.7 Southern blot hybridisation fingerprinting profiles of Saudi Arabian (panel A) 
and Egyptian (panel B) C. dubliniemis isolates generated with the Cd25 probe. (A) Lane 
1, SAIOO (genotype 3); lane 2, SA113 (genotype 4); lane 3, SA115 (genotype 1); lane 4, 
SA106 (genotype 1); lane 5, SA105 (genotype 1); lane 6, SA103 (genotype 3) and lane 7 
the C. dubliniemis reference isolate CM6 (genotype 1). (B) Lane 1, Eg202 (genotype 4) 
and lane 2, Eg203 (genotype 1). The relative positions of molecular weight markers (in 
kilobases) are indicated to the right of the panels.
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ATGTCTGTTGCCAAAGCTGTGAGCAAGAflCGTTATTTTATTACCACAAACTAACCAATTA 
ATGTCTGTTGCCAAAGCTGTGAGCAAAAACGTTATTTTATTACCGCAAACCAACCAATTA 
*************************** ***************** ***** ********* 
ATTGGTTTGTATTCAATCATTCGTGATCAGCGTACTAAACGTGGAGATTTTGTTTTCTAT 
ATTGGTTTATACTCAATCATTCGTGATCAACGTACTAAACGTGGAGATTTTGTATTTTAT 
******** ** ***************** *********************** ** *** 
TCAGATAGAATCATTCGTTTATTAGTCGAAGAAGGTTTGAACCAATTACCAGTTGAAGAA 
TCAGATAGAATCATTCGTTTATTAGTTGAAGAAGGTTTGAACCAATTACCAGTTGAAGAA 
************************** ********************************* 

GCAATTATCAAGTGTCATGGTGGATACGAATACAAGGGGGCAAAGTTTTTAGGTAAAATT 
GCAATTATAAAATGCCATGGTGGATATGAATACAAGGGAGCCAAATTTTTAGGTAAAATT 
******** ** ** *********** *********** ** ** *************** 

TGTGGAGTATCTATTGTCAGAGCTGGAGAATCCATGGAAATGGGGTTAAGGGATTGTTGT 
TGTGGTGTATCTATTGTTCGAGCTGGGGAATCAATGGAAATGGGATTAAGGGATTGTTGT

* * * * * * *  * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * *

CGTTCAGTACGAATTGGGAAAATCTTGATTCAAAGAGATGAAGAAACTGCATTACCAAAA 
CGTTCTGTAAGAATTGGGAAAATCTTGATTCAAAGAGATGAAGAAACTGCATTACCAAAA 
***** *** ************************************************** 

TTGTTTTATGAAAAATTACCTGAAGATATCAGTGAACGTTATGTATTTTTATTAGACCCA 
TTGTTTTATGAAAAATTACCTGAAGATATCAGTGAACGTTATGTATTTTTATTAGATCCA 
******************************************************** *** 

ATGTTGGCAACAGGAGGTTCAGCAATGATGGCCGTTGAGGTTTTATTGGCCAGAGGAGTG 
ATGTTGGCCACAGGAGGATCAGCAATGATGGCTGTTGAAGTTTTATTGGCAAGAGGAGTG

I r * * * * * * * ^ t * * *  * * * * * * * * * * * * * * * * *  * * * * * * * * *

AAAATGGACAGAATTTTATTCTTAAACTTATTGGCAGCACCAGAAGGTATCAAAGCATTC 
AAAATGGACAGAATTTTATTTTTGAATTTATTAGCAGCACCAGAAGGTATTAAAGCATTC 
******************** ** ** ***** ***************** ********* 

CATGAAAAATACCCTGATGTCAAAATAATCACCGGTGGAATTGATGAAAAATTAGATGAA 
CAGGATAAATACCCAGATGTCAAAATAATCACTGGTGGAATTGACGAAAAATTAGATGAA 
** ** ******** ***************** *********** *************** 

GACAAATACATTGTTCCAGGTCTAGGAGATTTCGGTGACAGATATTflCTGTATTTAA 
AATAAATACATTGTTCCAGGTCTAGGTGATTTCGGTGATAGATATTACTGTATTTAA



Figure 4.8 Alignment o f the C. albicans and C. dubliniensis FUR! genes. The C. 

dubliniensis sequence was from strain CD36 (this study) and the C. albicans sequence was 

from isolate SC5314 (Stanford orf6.3823). Asterisks indicate identical nucleotides.



C .  dubliniensis 
C. albicans

C. dubliniensis 
C. albicans

C. dubliniensis 
C. albicans

C. dubliniensis 
C. albicans

C. dubliniensis 
C. albicans

C. dubliniensis 
C. albicans

C. dubliniensis 
C. albicans

C. dubliniensis 
C. albicans

C. dubliniensis 
C. albicans

ATGACATTTGACGACAAAAAAGGTTTACAAATTGCTCTTGATCAAGCAAAGAAAAGTATG 

ATGACATTTGACGACAAAAAAGGTTTACAAATTGCTCTTGATCAAGCAAAGAAAAGTATG 

* * * * * * * * ★ ★ * * * * * * * * * • * * * * * * * * * * * ■ * • ■ > * * * • * * * * * ★ * * * * * * * * * ■ * * * * * • * * ★ * *  

TG GATATCGTCACAGAGGTGTGAACATTCAAACAACTATATTTCAGTTTTACTAACACAC 

TG GATATCGTCACAGAGGTGTGAACATTCAAACAACTATATTTCAGTTTTACTAACACAC 

*•■**★ ** * ■ *•■ * *•* '* ** * ★ * * ** * ** * *•** •* * *■ * ★ ** * ★ ★ * * ** * ** * ** * *■ *•*■ * * ** * ** ■ * *  

TT G C T G T TTA GG TTACTTTG A AG G TG GC A TA CCTA TTGG A TCA TG TATTA TTTCATC TG A  

TT G C T G T TTA G G TT AC TTTG A AG G TG GCA TA CC TA TTGG A TCA TG TATTA TTTCATCTG A  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

CGGTACAGTATTAGGTCAAGGACATAACGAACGAATCCAAAAACATTCATCTATTTTACA 

CGGTACAGTATTAGGTCAAGGACATAACGAACGAATCCAAAAACATTCATCTATTTTACA 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

TGGGGAAATGTCAGCATTAGAAAACGCAGGAAGATTGCCAGGCAAAACCTATAAGGATTG 

TGGGGAAATGTCAGCATTAGAAAACGCAGGAAGATTGCCAGGCAAAACCTATAAGGATTG 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

TA CCATATATA CTA CTTTGTCACCA TG TA G TATGTGTACA G GG G CCATTTTATTA TA TGG  

TACCATA TA TA CTA CTTTGTCACCA TG TA G TATGTGTACA G GG G CCATTTTATTA TA TGG  

* * * * * * * * * * * * * * *  + * * * * * * * * * • * * ■ * * * * * * *  + * * ■ * • * * * * * * * * * * * * * * * * * • * • * * * *  

GTTCAAACGAGTTGTTATGGGGGAAAATGTCAATTTCTTGGGTAACGAAAAGTTATTGGT 

GTTCAAACGAGTTGTTATGGGGGAAAATGTCAATTTCTTGGGTAACGAAAAGTTATTGGT 

★ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

TGAAAATGGTGTTGAAGTTGTGAATTTGAATGATCAAGCATGTATTGATTTGATGGCCAA 

TGAAAATGGTGTTGAAGTTGTGAATTTGAATGATCAAGCATGTATTGATTTGATGGCCAA 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

ATTTATTAAAGAGAAACCTCAAGATTGGAATGAAGATATTGGAGAATAA 

ATTTATTAAAGAGPJVACCTCAAGATTGGAATGAAGATATTGGAGAATAA

* * * * * * * * * * * * * * * * * * * *

Figure 4.9 Alignment o f  the C. albicans and C. dubliniensis F C Y l genes. The C. dubliniensis 
sequence was from the strain CD36 (this study) and the C. albicans sequence was from strain 
Sc5314 (GenBank accession no. U55194; Erbs et al., 1997). Asterisks indicate identical 
nucleotides.



reference isolates from the Gee et al. study (2002), including CD36 and CM6 (genotype 1), 

CD506, Can 6 and CD541 (genotype 2), CD519 and p6265 (genotype 3) and p7718 

(genotype 4).

The sequences o f the FCYl gene and flanking sequences from all of the 5-FC- 

susceptible reference isolates tested and the 5-FC-susceptible Saudi Arabian genotype 1 

isolates SAlOl,  SA102 and SA105 (fig. 4.10) were identical to the FCYl consensus 

sequence of the C. dubliniensis type strain CD36 obtained from the C. dubliniensis genome 

sequence database (http://www.samger.ac.ukyProjects/C_<iwi/m/e775w/). The 5-FC-resistant 

Saudi Arabian isolates SAIOO, SA107 and SAl 13 and the 5-FC-resistant Egyptian isolate 

Eg200 each contained a single identical nucleotide polymorphism (transition from A to T) 

at position 258 in the FCYl gene sequence that did not result in an amino acid residue 

change in the predicted protein (Fig. 4.11, Fig. 4.12 & Fig 4.13). Comparison of the 

nucleotide sequences o f the FU Rl gene from the 5-FC-susceptible reference isolates and 

the 5-FC-susceptibIe and 5-FC-resistant Saudi Arabian and Egyptian isolates revealed the 

presence of several single nucleotide polymorphisms, none of which resulted in changes in 

amino acids in the predicted protein.

These findings suggested that C. dubliniensis encoded homologues of both the C. 

albicans FURl and FCYl genes, termed CdFURl and C dFC Yl, respectively. However, 

polymorphisms in the FCYl and FURl genes could not be associated with 5-FC resistance 

in the C. dubliniensis isolates tested.
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C. dubliniensis

SAlOl
SA102
SA105

C. dubliniensis

SAlOl
SA102
SA105

C. dubliniensis

SAlOl
SA102
SA105

C. dubliniensis

SAlOl
SA102
SA105

C. dubliniensis

SAlOl
SA102
SA105

C. dubliniensis

SAlOl
SA102
SA105

C. dubliniensis
SAlOl
SA102
SA105

C. dubliniensis
SAlOl
SA102
SA105

C. dubliniensis

SAlOl
SA102
SA105

ATGACATTTGACGACAAAAAAGGTTTACAAATTGCTCTTGATCAAGCAAAGAAAAGTATG 
ATGACATTTGACGACAAAAAAGGTTTACAAATTGCTCTTGATCAAGCAAAGAAAAGTATG 
ATGACATTTGACGACAAAAAAGGTTTACAAATTGCTCTTGATCAAGCAAAGAAAAGTATG 
ATGACATTTGACGACAAAAAAGGTTTACAAATTGCTCTTGATCAAGCAAAGAAAAGTATG 
* *************************************************************** 

TGGATATCGTCACAGAGGTGTGAACATTCAAACAACTATATTTCAGTTTTACTAACACAC 
TGGATATCGTCACAGAGGTGTGAACATTCAAACAACTATATTTCAGTTTTACTAACACAC 
TGGATATCGTCACAGAGGTGTGAACATTCAAACAACTATATTTCAGTTTTACTAACACAC 
TGGATATCGTCACAGAGGTGTGAACATTCAAACAACTATATTTCAGTTTTACTAACACAC 
************************************************************ 

TTGCTGTTTAGGTTACTTTGAAGGTGGCATACCTATTGGATCATGTATTATTTCATCTGA 
TTGCTGTTTAGGTTACTTTGAAGGTGGCATACCTATTGGATCATGTATTATTTCATCTGA 
TTGCTGTTTAGGTTACTTTGAAGGTGGCATACCTATTGGATCATGTATTATTTCATCTGA 
TTGCTGTTTAGGTTACTTTGAAGGTGGCATACCTATTGGATCATGTATTATTTCATCTGA 
******************************************************************* 

CGGTACAGTATTAGGTCAAGGACATAACGAACGAATCCAAAAACATTCATCTATTTTACA 
CGGTACAGTATTAGGTCAAGGACATAACGAACGAATCCAAAAACATTCATCTATTTTACA 
CGGTACAGTATTAGGTCAAGGACATAACGAACGAATCCAAAAACATTCATCTATTTTACA 
CGGTACAGTATTAGGTCAAGGACATAACGAACGAATCCAAAAACATTCATCTATTTTACA 
****** + **************•***★★******■****★•**★**•*******★★★*■*•*****■* 

TGGGGAAATGTCAGCATTAGAAAACGCAGGAAGATTGCCAGGCAAAACCTATAAGGATTG 
TGGGGAAATGTCAGCATTAGAAAACGCAGGAAGATTGCCAGGCAAAACCTATAAGGATTG 
TGGGGAAATGTCAGCATTAGAAAACGCAGGAAGATTGCCAGGCAAAACCTATAAGGATTG 
TGGGGAAATGTCAGCATTAGAAAACGCAGGAAGATTGCCAGGCAAAACCTATAAGGATTG 
*★***★**********•*************★*★•***♦★*********■**★★*★***-*•**** 

TACCATATATACTACTTTGTCACCATGTAGTATGTGTACAGGGGCCATTTTATTATATGG 
TACCATATATACTACTTTGTCACCATGTAGTATGTGTACAGGGGCCATTTTATTATATGG 
TACCATATATACTACTTTGTCACCATGTAGTATGTGTACAGGGGCCATTTTATTATATGG 
TACCATATATACTACTTTGTCACCATGTAGTATGTGTACAGGGGCCATTTTATTATATGG 
★ ** + ************★★**********★*******★**•*************•******** 

GTTCAAACGAGTTGTTATGGGGGAAAATGTCAATTTCTTGGGTAACGAAAAGTTATTGGT 
GTTCAAACGAGTTGTTATGGGGGAAAATGTCAATTTCTTGGGTAACGAAAAGTTATTGGT 
GTTCAAACGAGTTGTTATGGGGGAAAATGTCAATTTCTTGGGTAACGAAAAGTTATTGGT 
GTTCAAACGAGTTGTTATGGGGGAAAATGTCAATTTCTTGGGTARCGAAAAGTTATTGGT 
* + ******************■***********•************★**■*•*•************ 

TGAAAATGGTGTTGAAGTTGTGAATTTGAATGATCAAGCATGTATTGATTTGATGGCCAA 
TGAAAATGGTGTTGAAGTTGTGAATTTGAATGATCAAGCATGTATTGATTTGATGGCCAA 
TGAAAATGGTGTTGAAGTTGTGAATTTGAATGATCAAGCATGTATTGATTTGATGGCCAA 
TGAAAATGGTGTTGAAGTTGTGAATTTGAATGATCAAGCATGTATTGATTTGATGGCCAA 
*********-***********★**** + ***★*★★**•**** + *******•*★*********** 
ATTTATTAAAGAGAAACCTCAAGATTGGAATGAAGATATTGGAGAATAA 
ATTTATTAAAGAGAAACCTCAAGATTGGAATGAAGATATTGGAGAATAA 
ATTTATTAAAGAGAAACCTCAAGATTGGAATGAAGATATTGGAGAATAA 
ATTTATTAAAGAGAAACCTCAAGATTGGAATGAAGATATTGGAGAATAA



C.dubliniensis

SA107

C. dubliniensis 
SA107

C. dubliniensis 
SA107

C. dubliniensis 
SA107

C. dubliniensis 
SA107

C. dubliniensis 
SA107

C. dubliniensis 
SA107

C. dubliniensis 
SA107

C. dubliniensis 
SA107

ATGACATTTGACGACAAAAAAGGTTTACAAATTGCTCTTGATCAAGCAAAGAAAAGTATG
ATGACATTTGACGACAAAAAAGGTTTACAAATTGCTCTTGATCAAGCAAAGAAAAGTATG

TGGATATCGTCACAGAGGTGTGAACATTCAAACAACTATATTTCAGTTTTACTAACACAC
TGGATATCGTCACAGAGGTGTGAACATTCAAACAACTATATTTCAGTTTTACTAACACAC

TTGCTGTTTAGGTTACTTTGAAGGTGGCATACCTATTGGATCATGTATTATTTCATCTGA
TTGCTGTTTAGGTTACTTTGAAGGTGGCATACCTATTGGATCATGTATTATTTCATCTGA

CGGTACAGTATTAGGTCAAGGACATAACGAACGAATCCAAAAACATTCATCTATTTTACA
CGGTACAGTATTAGGTCAAGGACATAACGAACGAATCCAAAAACATTCATCTATTTTACA

TGGGGAAATGTCAGCATTAGAAAACGCAGGAAGATTGCCAGGCAAAACCTATAAGGATTG
TGGGGAAATGTCAGCATTAGAAAACGCAGGAAGATTGCCAGGCAAAACCTATAAGGATTG

TACCATATATACTACTTTGTCACCATGTAGTATGTGTACAGGGGCCATTTTATTATATGG 
TACCATATATACTACTTTGTCACCATGTAGTATGTGTACTGGGGCCATTTTATTATATGG 
+ ******************** 
GTTCAAACGAGTTGTTATGGGGGAAAATGTCAATTTCTTGGGTAACGAAAAGTTATTGGT 
GTTCAAACGAGTTGTTATGGGGGAAAATGTCAATTTCTTGGGTAACGAAAAGTTATTGGT
■ A - * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

TGAAAATGGTGTTGAAGTTGTGAATTTGAATGATCAAGCATGTATTGATTTGATGGCCAA
TGAAAATGGTGTTGAAGTTGTGAATTTGAATGATCAAGCATGTATTGATTTGATGGCCAA
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * + * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

ATTTATTAAAGAGAAACCTCAAGATTGGAATGAAGATATTGGAGAATAA
ATTTATTAAAGAGAAACCTCAAGATTGGAATGAAGATATTGGAGAATAA



F igure  4. 11 A lignm ent o f the C. dublin iensis F C Y l  gene sequence from the 5-FC 
resistant genotype 3 Saudi Arabian isolate SA107 generated using the Clustal W software 
package. A single nucleotide polymorphism is highlighted in colour (transition from A to 
T) The C. dubliniensis F C Y l gene sequence o f the C. dubliniensis type strain CD36 (this 
study) was used for comparison. Identical nucleotides are indicated by asterisks.



Figure 4.12 Nucleotide and deduced amino acid sequences of the C. dubliniensis FCYl gene from the 
Saudi Arabian isolate SA107 as a representative of 5-FC resistant Saudi Arabian and Egyptian isolates.

1/1
atg aca ttt gac gac aaa aaa ggt tta caa

31/11 
att get ctt gat caa gca aag aaa agt gaa

61/21 
ggt ggc ata cct att gga tTa tgt att att

91/31 
tea tct gac ggt aca gta tta ggt caa gga

M T F D D K K G L Q I A L D Q A K K S E G G I p I G L C I I S S D G T V L G Q G
121/41 
cat aac gaa cga ate caa aaa cat tea tct

151/51 
att tta cat ggg gaa atg tea gca tta gaa

181/61 
aac gca gga aga ttg cca ggc aaa acc tat

211/71 
aag gat tgt acc ata tat act act ttg tea

H N E R I Q K H S S I L H G E M S A L E N A G R L P G K T Y K D C T I Y T T L S
241/81 
cca tgt agt atg tgt act ggg gcc att tta

271/91 
tta tat ggg ttc aaa cga gtt gtt atg ggg

301/101 
gaa aat gtc aat ttc ttg ggt aac gaa aag

331/111 
tta ttg gtt gaa aat ggt gtt gaa gtt gtg

P C S M C T G A I L L Y G F K R V V M G E N V N F L G N E K L L V E N G V E V V
361/121 
aat ttg 
N L

aat
N

gat
D

caa
Q

gca
A

tgt
C

att
I

gat
D

ttg
L

391/131 
atg gcc 
M A

aaa
K

ttt
F

att
I

aaa
K

gag
E

aaa
K

cct
P

caa
Q

421/141 
gat tgg 
D W

aat
N

gaa
E

gat
D

att
I

gga
G

gaa
E

taa
*

Nucleotide sequences are numbered in the 5' to 3' direction from the first base (+1) of the ATG translation start codon. Amino acid residue are numbered from the 
initial methionine. The single base change between the 5-FC resistant and the 5-FC susceptible C. dubliniensis isolates which did not result in an amino acid 
change is located at position 258 and is underlined. The corresponding amino acid is highlighted in bold.



Figure 4.13 Nucleotide and deduced amino acid sequences of the C. dubliniensis FCYl gene from the 
CD36 isolates as a representative of the 5-FC susceptible C. dubliniensis isolates.

1/1
atg aca ttt gac gac aaa aaa ggt tta caa

31/11 
att get ctt gat caa gca aag aaa agt gaa

61/21 
ggt ggc ata cet att gga tea tgt att att

91/31 
tea tct gac ggt aca gta tta ggt caa gga

M T F D D K K G L Q I A L D Q A K K S E G G I P I G S C I I S S D G T V L G Q G
121/41 
cat aac gaa cga ate caa aaa cat tea tct

151/51 
att tta cat ggg gaa atg tea gca tta gaa

181/61 
aac gca gga aga ttg cca ggc aaa aec tat

211/71 
aag gat tgt aec ata tat act act ttg tea

H N E R I Q K H S S I L H G E M S A L E N A G R L P G K T y K D C T I y T T L S
241/81 
cca tgt agt atg tgt aca ggg gcc att tta

271/91 
tta tat ggg ttc aaa cga gtt gtt atg ggg

301/101 
gaa aat gtc aat ttc ttg ggt aac gaa aag

331/111 
tta ttg gtt gaa aat ggt gtt gaa gtt gtg

P C 5 M C T G A I L L Y G F K R V V M G E N V N F L G N E K L L V E N G V E V V
361/121 
aat ttg 
N L

aat
N

gat
D

caa
Q

gca
A

tgt
c

att
I

gat
D

ttg
L

391/131 
atg gee 
M A

aaa
K

ttt
F

att
I

aaa
K

gag
E

aaa
K

cet
P

caa
Q

421/141 
gat tgg 
D W

aat
N

gaa
E

gat
D

att
I

gga
G

gaa
E

taa*

Nucleotide sequences are numbered in the 5' to 3' direction from the first base ( + 1) of the ATG translation start codon. Amino acid residue are numbered from the 
initial methionine. The single base change between the 5-FC resistant and the 5-FC susceptible C. dubliniensis isolates which did not result in an amino acid 
change is located at position 258 and is underlined. The corresponding amino acid is highlighted in bold.



4.4 Discussion

O ur understanding o f the epidem iology and population structure o f  the yeast 

pathogen C. dubliniensis was greatly enhanced by the developm ent o f C. dubliniensis- 

specific DNA fingerprinting probes by Joly et al. in 1999 which was particularly useful for 

strain discrim ination. Using this specific probe, two recent studies on C. dubliniensis 

iso la tes recovered from  different countries w orld-w ide dem onstrated  that the C. 

dubliniensis isolates could be divided into two distinct populations (Joly et al., 1999; Gee et 

al., 2002). In both studies the majority o f isolates belonged to a major clade referred to as 

Cd25-group I, which consisted o f  a population o f closely related isolates (S^g values o f 0.8 

in each case). Furtherm ore, in both studies, isolates belonging to a second major clade 

termed Cd25-group II exhibited significantly greater diversity and were less closely related 

than Cd25-group I isolates (S^g values o f 0.47 in the Joly et al. (1999) study and 0.57 in the 

Gee et al. (2002)) study. A more recent study by Blignaut et al. (2003) reported similar 

findings with a collection o f 15 C. dubliniensis isolates recovered from individuals in South 

Africa. The study o f Gee et al. (2002) also revealed that C. dubliniensis isolates could be 

sub-divided into one o f four genotypes on the basis o f  the nucleotide sequence o f the ITS 

region o f the rDNA gene cluster. Cd25-group I consisted solely o f genotype 1 isolates, 

w hereas Cd25-group II consisted o f three genotypes (genotypes 2-4). This latter finding 

reflects the greater diversity observed among Cd25-group II isolates. To date, the majority 

o f C. dubliniensis isolates that have been subjected to Cd25 DNA fingerprinting analysis 

have been recovered in Europe, Australia and the USA. There have been several reports 

describing the recovery o f C. dubliniensis isolates in a variety o f Middle Eastern countries 

(Gee et al., 2002; Fotedar & Al Hedaithy, 2003; Ahmad et al., 2004; M cCullough et al., 

2004), but little is known about the population structure or the epidem iology o f these 

isolates, or their relationship to isolates recovered from the rest o f the world. Gee et al. 

(2002) included eight independent isolates o f C. dubliniensis recovered in Israel in their 

study, four o f which belonged to Cd25-group I (genotype 1) and four to Cd25-group II. 

Interestingly, three o f these four Cd25-group II isolates belonged to genotype 3 and one to 

genotype 4. In fact, o f the five genotype 3 isolates identified by Gee et al. (2002) out o f a 

total o f  98 isolates investigated from 15 different countries, three (60%) were from Israel 

and two (40%) from Ireland. The single genotype 4 isolate identified among the Gee et al.
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(2002) isolate collection was also from Israel. These findings suggested that distinct sub­

populations o f C. dubliniensis may be present in Israel and possibly in neighbouring 

countries. The purpose o f the present study was to investigate this possibility further by 

analysing additional isolates of C. dubliniensis from Saudi Arabia, Egypt and Israel.

4.4.1 Candida species in Saudi Arabian and Egyptian patients

In the present study, isolates of oral Candida  species were recovered from 64% 

(127/199) o f the Saudi and Egyptian diabetic patients included in the study. This oral 

Candida  prevalence rate was in accordance with previous studies o f diabetic patients; 

Fisher et al. (1987) found candidal species in 51% o f the diabetic patients they tested 

(Fisher et a l,  1987). In another study, Willis et al. (2000) reported that 77% (318/414) of 

type-1 diabetes mellitus patients they tested were oral Ca«J/<iG-positive (Willis et al., 

2000). In contrast, Tekeli et al. (2004) reported a relatively lower prevalence rate of oral 

Candida  (35%) among 230 type-1 diabetes mellitus patients investigated. A number of 

relevant factors have been associated with differences in the prevalence of oral Candida 

carriage in diabetic patients including smoking, denture wearing, degree of glycaemic 

control, insulin-dependent or non insulin-dependent diabetic patients and age (Willis et al., 

2000, Manfredi et al., 2002; Tekeli et al., 2004). However, Manfredi et al., (2002) observed 

that local oral factors, such as the presence of dentures, seemed to have a greater influence 

than diabetic status on the density and species o f Candida isolated from the oral cavities of 

diabetic patients (Manfredi et al., 2002). Although diabetes mellitus is known to predispose 

to oral candidal infection (Lamey et al., 1988), only 15 (7.5%) diabetic patients included in 

the present study showed clinical signs and symptoms of oral candidiasis.

In addition, a total of 104/160 (65%) renal transplant patients harboured oral candidal 

species in the present study. This finding is consistent with that of Al-Mohaya et a l, (2002) 

who investigated the prevalence of oral Candida species in 43 Saudi Arabian patients and 

found that 65% (28/43) of their patients were Candida-^os\\\\Q. However, in the present 

study more renal transplant patients had oral candidiasis than that reported by Al-Mohaya 

et al., (2002) study (26.3% vs. 15.5%). The prevalence o f oral candidiasis among renal 

transpaint patients investigated in the present study was also higher than that of King et al., 

(1994) (10%) and Gupta et al., (1994) (10.5%). The disparity between our data and that of
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the others may be due to differences in the general medical conditions and medications o f 

the patients investigated. On the other hand, 39/58 (67%) patients who had cancer were 

colonised with Candida  species. A comparable study involving cancer patients reported 

similar finding (66%) (Davies et a i ,  2002).

4.4.2 C. dubliniensis in Saudi Arabian and Egyptian patients

Recently, there has been an increase in the reporting o f the isolation o f non-Candida 

albicans yeast species, including the newly described species C. dubliniensis, particularly 

from immunocompromised patients (Coleman et al., 1997a; Davies et al., 2002 Sullivan et 

a i ,  2004). Twenty-five independent isolates o f C. dubliniensis were recovered from Saudi 

A rabian and Egyptian patients with severe underlying conditions, including cancer, 

diabetes, and organ transplantation, yielding a C. dubliniensis oral prevalence o f  5.8% 

(25/432) (Tables 4.1). A further five independent C, dubliniensis clinical isolates from 

other patients were obtained from patients in two other hospitals in Saudi Arabia.

The overall proportion o f  diabetic patients from whom oral C. dubliniensis was 

isolated in the present study was 8.5%. However, this finding is in contrast to previously 

published reports where oral C. dubliniensis colonisation was found to be higher. Willis et 

al. (2000) and Ponton et al. (2000) dem onstrated a higher incidence o f  C. dubliniensis 

recovery (14% in each case) when they tested 318 and 58 diabetic patients, respectively. 

However, a much lower prevalence rate was reported by Manfredi et al. (2002) who found 

that only 3.6% (5/137) o f the diabetic patients they sampled harboured C. dubliniensis in 

their oral cavities. Furthermore, Tekeli et al. (2004) failed to recover oral C  dubliniensis in 

the 81 Candida-^iOsXivQ diabetic patients they included in their study (Tekeli et al., 2004). 

The reason (s) for the disparity in the prevalence o f C. dubliniensis in these is not known. 

However, it is likely that the sampling and identification methods used, the geographical 

locale and the cohort o f diabetic patients exam ined could have contributed to the 

differences in the epidemiological data (Davies et a i ,  2002; Sullivan et al., 2004).

Interestingly, no C. dubliniensis isolates were recovered from the 17 HIV-infected 

patients included in the present study. This finding is rather unusual since the majority o f C. 

dubliniensis  have been recovered from the oral cavities o f  H IV-infected individuals 

(Sullivan et a l ,  1995; Coleman et a l ,  1997a & b; Sullivan & Coleman, 1998). A high 

incidence o f recovery o f C. dubliniensis was recorded for Irish HIV-infected individuals
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both symptomatic (27 %) and asymptomatic (19 %) (Coleman et a i ,  1997b). Furthermore, 

a study carried out on an Irish archival culture collection found that 16.46 % o f C. albicans 

isolates recovered from HIV-positive individuals were in fact C. dubliniensis (Sullivan et 

at., 1997). Odds et al. (1998) found that o f a stock collection o f 2,588 yeasts originally 

identified as C. albicans, 2.1 % o f these were isolates o f C. dubliniensis that had been 

misidentified. Furthermore, a significant proportion (24.7 %) o f C. dubliniensis isolates in 

Odds et al. (1998) study were recovered from H IV-infected individuals. A prospective 

study by Jabra-R izk and colleagues (1999) also found that 5/25 (20% ) HIV-positive 

individuals were found to harbour C. dubliniensis in their oral cavities. However, the low 

incidence o f  oral carriage o f  C. dubliniensis found in the Saudi Arabian HIV-infected 

patients may be due to the small number o f  HIV-infected patients included in the present 

study. A large-scale study is needed to reveal the prevalence and im portance o f  C. 

dubliniensis in this particular group o f patients in Saudi Arabia.

4.4.3 Genotyping of Saudi Arabian and Egyptian C. dubliniensis isolates

Genotyping o f the C, dubliniensis isolates dem onstrated that the majority (12/16, 75 

%) o f  the sixteen Israeli isolates tested belonged to genotype 1 (Table 4.1). Similarly, 

previous studies by Gee et al. (2002) and Brena et al. (2004) reported that the majority o f 

C. dubliniensis isolates genotyped belonged to genotype 1. One o f the remaining Israeli 

isolates belonged to genotype 2, one to genotype 3 and the last was a genotype 4 variant 

termed genotype 4B that harboured two single nucleotide base substitutions compared with 

the C. dubliniensis genotype 4 ITS consensus sequence. In contrast, 4/8 (50%) o f the 

Egyptian Isolates and 6/22 (27.2%) o f the Saudi Arabian isolates belonged to genotype 1 

(Table 4.1). None o f  the Egyptian or Saudi A rabian isolates belonged to genotype 2, 

Interestingly, the majority (13/22, 59%) o f the Saudi Arabian isolates belonged to genotype 

3 and the remainder (3/22, 13.6%) to genotype 4 (Table 4.1). None o f the Egyptian isolates 

belonged to genotype 3 and 3/8 (37.5%) belonged to genotype 4. The remaining Egyptian 

isolate was found to be a genotype 4 variant, termed 4A, that harboured a single nucleotide 

base substitution compared with the C. dubliniensis genotype 4 ITS consensus sequence 

(Fig. 4.2). These findings dem onstrated that the prevalence and distribution o f C. 

dubliniensis genotypes among the isolates from Saudi Arabia and Egypt compared to Israel 

is significantly different (p<0.003), at least among the subject cohorts from whom the
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isolates were recovered. Interestingly, of the 30 combined Saudi Arabian and Egyptian C. 

dubliniensis isolates included in the study, 20/30 (66.6%) belonged to genotypes 3 and 4 

and none were of genotype 2. In contrast, in the previous study by Gee et al. (2002) only 

6/94 (6.4%) independent C. dubliniensis isolates from 15 different countries belonged to 

genotypes 3 and 4. These results indicated that the C. dublin iensis  population present in 

Saudi Arabia and Egypt is quite different from the corresponding populations present in 

other countries around the world.

4.4.4 DNA fingerprint analysis of Saudi Arabian and Egyptian C. dubliniensis isolates

In order to further investigate the population structure o f C. dubliniensis isolates from 

the Middle East, all 30 Saudi Arabian and Egyptian C. dubliniensis isolates and 5 selected 

Israeli isolates (two genotype 1, one genotype 2, one genotype 3 and the genotype 4B 

variant) were subjected to DNA fingerprint analysis with the C. dubliniensis-s^QC\T\c 

fingerprinting probe Cd25. Computer-assisted analysis o f the fingerprint patterns obtained 

from the combined Saudi Arabian and Egyptian isolate collection revealed that the isolates 

separated at a deep-rooted S^g node of 0.05 into two distinct main populations (Figs. 5.4 

and 5.5). The first main population consisted solely of genotype 1 isolates that were closely 

related with an average S^g value of 0.86. (Fig. 4.4). The second main population was 

much more diverse with an average S^g value of 0.35 and could be separated at an S^g 

node of 0.22 into two equally diverse sub-populations, one of which consisted solely of 

genotype 3 isolates and the other solely of genotype 4 isolates (Fig. 4.4). In order to 

investigate the relationships between the two main populations identified among this isolate 

collection and the Cd25-group I and Cd25-group II clades identified in previous studies by 

Joly et al. (1999) and Gee et al. (2002), a mixed dendrogram was generated from the Cd25- 

generated fingerprint patterns of the 30 Saudi Arabian and Egyptian isolates and the 

corresponding patterns of 51 independent isolates from 13 different countries from the Gee 

et al. (2002) study. The fingerprint profiles of the five Israeli isolates fingerprinted in the 

present study were also included. Examination of the mixed dendrogram revealed that the 

isolates separated clearly into three distinct major populations or clades, one of which 

corresponded to Cd25-group I, one to Cd25-group II and the third to a hitherto undescribed 

major clade which we have termed CD25-group III (Fig. 4.5). In agreement with the
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findings o f  Gee et al. (2002), all genotype 1 isolates were grouped within Cd25-group I and 

all genotype 2 isolates were grouped in a sub-clade within Cd-25 group II (Fig. 4.5). The 

Israeli genotype 3 isolate Is36 and the genotype 4B variant isolate Is35 fingerprinted in this 

study grouped within a second sub-clade w ithin Cd25-group II in agreem ent with the 

findings o f a previous study reported by Gee et al. (2002). The Cd25-group III clade 

contained all o f  the Saudi Arabian and Egyptian genotypes 3 and 4 isolates and the single 

genotype 4 isolate (p7718) from the Gee et al. (2002) study (Fig. 4.5). The Cd25-group III 

clade also contained two sub-clades at an S ab node o f  0.22, the first o f  which contained 

only Saudi Arabian isolates o f genotype 3 and the second both Saudi Arabian and Egyptian 

genotype 4 isolates. All o f these findings demonstrated that the population structure o f C. 

dubliniensis isolates in Saudi Arabia and Egypt is significantly different to previously 

investigated populations from other countries around the world, possibly reflecting a more 

homogenous ethnic population in Saudi Arabia and Egypt.

4.4.5 5-Flucytosine resistance in C. dubliniensis isolates and analysis of C. dubliniensis 

F C Y l and F U R l gene sequences

All 20 Saudi Arabian and Egyptian C. dubliniensis isolates forming the Cd25-group III 

clade were found to be 5-FC-resistant (MIC > 125 |ig/ml). The majority o f C. dubliniensis 

clinical isolates reported to date are susceptible to com m only used antifungal drugs 

including azoles, polyenes and 5-FC (Pfaller et al., 1999a & 2002; M oran et al., 2002; 

Quindos et al., 2004). However, two recent studies reported that 18/32 (56%) and 2/7 

(29%) C. dubliniensis isolates tested from Saudi Arabia (Fotedar & Al Hedaithy, 2003) and 

Kuwait (Ahmad et a l ,  2004), respectively, were 5-FC-resistant (MIC > 32 |ig/ml). These 

two studies by Fotedar & Al Hedaithy (2003) and A hm ad et al. (2004) and the present 

study are the only reports to describe 5-FC-resistance in C. dubliniensis. Based on the 

results o f  the present study, it is interesting to speculate that the 5-FC-resistant C. 

dubliniensis isolates described by Fotedar & Al Hedaithy (2003) and Ahmad et al. (2004) 

may also belong to the CD25-group III clade. In support o f this suggestion, a recent study 

dem onstrated that 5-FC resistance in C. albicans is restricted to a single genetic clade 

(Pujol et al., 2004).

A recent study by D odgson et al. (2004) dem onstrated that clade-specific 5-FC 

resistance in C. albicans is due to a single nucleotide change in the F U R l gene that results
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in the substitution o f  arginine by cysteine at amino acid position 101 in the translated 

protein. Another recent study by Hope et al. (2004) reported that a point mutation in the C. 

albicans F C Yl gene resulting in a glycine to aspartate substitution at position 28 in the 

translated protein may also be associated with 5-FC-resistance in this species. In order to 

determine whether mutations in the C. dubliniensis homologs o f the FU R! and F C Yl genes 

were associated with 5-FC-resistance in Cd25-group III clade isolates, the CdFU Rl and 

CdFC Yl ORFs and flanking sequences were cloned and sequenced from 5-FC-resistant and 

5-FC-susceptible C. dubliniensis isolates (Tables 4.1 & 4.2). No mutations were observed 

in the ORFs that result in amino acid changes in 5-FC-resistant isolates (Fig. 4.10-Fig. 

4.13) demonstrating that mutations in these genes are not responsible for the 5-FC-resistant 

phenotype exhibited by these isolates.

The identification o f a novel clade o f  C. dubliniensis predom inant in Saudi Arabia 

and Egypt, and possibly in other Arab countries, further extends our knowledge about the 

population structure o f  this yeast species.
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Chapter 5 

General Discussion
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5.1 Development of culture media to differentiate C. dubliniensis from

C. albicans

Candida dubliniensis was first described as a distinct taxon in 1995 (Sullivan et al., 

1995). Since then, a number of other studies have reported the recovery of this species as 

part o f a general increase in the number o f infections caused by non-C. albicans species 

during the last two decades. However, it is essential to be able to accurately identify C. 

dubliniensis in a clinical sample in order to determine the clinical importance of this 

species and its role in human disease. A number of studies have suggested that the increase 

in reports describing this organism may reflect the development o f improved methods for 

identifying and typing pathogenic yeasts including C. dubliniensis (Pujol et al., 1997). 

Nevertheless, routine discrimination between C. dubliniensis and the closely related species 

C. albicans has been problematic (Coleman et al., 1997a & b; Sullivan et al., 2004). The 

most accurate means o f identifying C. dubliniensis and discriminating it from C. albicans 

requires PCR-based tests, however, these are not readily applicable for the high-volume 

throughput of isolates in clinical laboratories and they are labour-intensive, expensive and 

require special equipment which make them unsuitable to many routine diagnostic 

laboratories (Donnelly et al., 1999; Tintelnot et al., 2000). In contrast, phenotype-based 

tests, as described in chapter 2 section 2.2, may lead to ambiguous results because of the 

nany phenotypic similarities between C. albicans and C. dubliniensis (Coleman et al., 

1997b; Schoofs et al., 1997; Pinjon et al., 1999).

Candida albicans and C. dubliniensis share the ability to produce chlamydospores. 

However, it was recently found that there are species-specific differences in the regulation 

cf this developmental process in C. dubliniensis. In a recent study of 14 C. dubliniensis 

isolates and 11 C. albicans isolates, Staib & Morschhauser, (1999) reported that the ability 

cf C. dubliniensis to produce rough colonies and chalmydospores on Staib agar provided a 

s:mple means of differentiating it from its close relative C  albicans.

The initial aim o f this project was to assess and develop a rapid and dependable 

phenotypic methods for the differentiation o f C, dubliniensis from C. albicans using colony 

morphology and chlamydospore. For this purpose, the efficacy of Staib agar, CAP agar, 

Fal's agar, tobacco agar and casein agar to differentiate between C. albicans and C. 

aubliniensis based on colony morphology and the ability o f C. dubliniensis isolates to
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produce chlamydospore on these media was investigated. In the present investigation the 

colony morphology and chlamydospore production o f  130 C. dubliniensis and 166 C. 

albicans isolates on Staib was examined (Table 3.1) and the results were compared to the 

related defined CAF medium. All C. dubliniensis and C. albicans isolates produced 

chlamydospores on the control medium, i.e., rice-agar-Tween agar. However, while none o f 

the C. albicans isolates produced chlam ydospores on either Staib or CAF, 85.4% and 

83.8%  o f the C. dubliniensis isolates produced chlam ydospores on Staib and CAF, 

respectively. All o f the C. albicans isolates grew as smooth, shiny colonies on Staib after 

48-72 h incubation at 30°C while 97.7% o f the C. dubliniensis isolates grew as rough 

colonies, many (65%) with a hyphal fringe (Fig. 3.1). In contrast, 87.4% o f the C. albicans 

and 93.8% o f the C  dubliniensis isolates yielded rough colonies on CAF. A lthough the 

results o f this study confirm that Staib agar is good medium for distinguishing between C. 

dubliniensis and C. albicans, the discrimination between the two species is best achieved 

on the basis o f  colony morphology rather than chlamydospore production.

Production o f chlamydospores on casein agar at 24°C for 48 h was also investigated 

in the present study (Table 3.4). O f 109 C. dubliniensis isolates tested on this medium, 106 

{91.2%) produced abundant chlamydospores and three produced few chlamydospores. In 

contrast, o f the 120 C. albicans isolates tested. 111 (92.5% ) failed to produce any 

chlamydospores, whereas the remaining nine isolates produced few chlamydospores (Fig. 

3.4). These findings indicate that abundant chlamydospore production on casein agar is a 

useful test for discrim inating between C. dubliniensis and C. albicans. However, this 

method was not absolute. On tobacco agar, fifty-one C. dubliniensis isolates 51/53 (96.2%) 

yielded rough, yellowish-brown colonies with a hyphal fringe around the colonies visible to 

the naked eye after 48 to 72 h. The other two isolates 2/53 (3.7%) produced smooth, white- 

creamy colonies sim ilar to the appearance o f  C. albicans isolates on this medium. In 

contrast, 31/35 (88.5%) C. albicans isolates yielded smooth, white-creamy colonies with no 

hyphal fringe after 48 to 72 h. O f the remaining four C. albicans isolates, two isolates 

(5.7%) produced smooth, white-creamy colonies with a hyphal fringe especially around the 

primary inoculum site, one isolate (2.8%) yielded yellow-brownish, rough colonies with a 

hyphal fringe around the colonies similar to those o f C. dubliniensis and the other one 

(2.8%) did not grow at all (Fig. 3.3). However, although the agar does not identify C.
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dubliniensis with 100% accuracy, it provides a simple means for differentiating C  albicans 

from C. dubliniensis.

O f all the media investigated in the present study, Pal's (sunflower seed) agar proved 

to be 100% accurate in distinguishing C. dubliniensis from C. albicans. O f 128 C. 

dubliniensis isolates tested on this medium, all produced a hyphal fringe at 30°C for 48 to 

72 h. In contrast, none o f the 124 C. albicans isolates tested produced a hyphal fringe (Fig. 

3.2). Pal's medium is prepared from seeds which are readily available and inexpensive, 

which makes it an ideal medium for large-scale epidemiological studies. Indeed, this simple 

assay has been successfully used in two subsequent studies to differentiate C. dubliniensis 

from C. albicans (Adou-Bryn et al., 2003; Khan et al., 2004). Pal's agar is useful for the 

presumptive identification o f C. dubliniensis in a previously identified germ tube-positive 

isolates. However, it could not be used as a m edium  for the prim ary isolation o f C. 

dubliniensis since both C. albicans and C. dubliniensis isolates grown on Pal's agar can not 

be differentiated from other non-C. albicans Candida species. Nevertheless, the use o f Pal's 

agar to differentiate C. dubliniensis and C. albicans isolates has a number o f advantages 

over other phenotypic methods. For example, testing germ tube- or chlamydospore-positive 

isolates on Pal's agar has an advantage over the use o f  carbohydrate assimilation profile 

analysis because the use o f Pal's agar is considerably less expensive and amenable to the 

analysis o f large numbers o f isolates. In addition, whereas the databases used with many of 

the commonly used commercial yeast identification systems (e.g., the bioMerieux API 20C 

AUX and ID 32C systems) have been updated in recent years to include C. dubliniensis 

profiles, the profile range they contain are far from comprehensive. In this regard, recent 

studies have highlighted the necessity to revise the databases to improve the accuracy o f 

identification o f C. dubliniensis (Pincus et a l ,  1999; Tintelnot et al., 2000).

In conclusion. Pal's agar is an excellent m ethod for discrim inating between C. 

dublin iensis  and C. albicans and can be used for the definitive identification o f  C. 

dubliniensis if  the isolates examined are germ-tube positive and produced rough colonies 

on this medium.

It is interesting to speculate why C. dubliniensis produces chlamydospores on Staib 

and Pal's media. The seed extract contained in both these m edia {G. abyssinica  and H. 

annus) and belong to the same botanical family (Asteraceae). Therefore, Pal's and Staib 

agars may have specific com pounds in com m on w hich induce the production o f
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chlamydospores in C. dubliniensis. However, Khan et al., (2004) did not report any decline 

in the efficacy o f Pal's agar to differentiate between C. dubliniensis and C. albicans when 

simplified form (by eliminatig creatinine and KH 2 PO 4 ) o f  Pal's medium was used in their 

study (Khan et al., 2004). In addition, C. dubliniensis isolates produced chlamydospores 

when grown on casein and tobacco agars as well, results that favour the involvement o f 

other factors in the differential regulation o f  chlamydospore development on these agars. In 

general, it is believed that chlamydospores are a dormant growth forms which arise under 

conditions o f  nutrient depletion. Few studies have been undertaken to investigate the 

b io logical role o f chlam ydospore production and the m olecular basis behind this 

phenom ena which should provide new insights into the regulation o f  developm ental 

processes and pathogenicity mechanisms o f C. dubliniensis and C. albicans. In this regard, 

Staib & M orschhauser (2005a) constructed a C. albicans genomic library in C. dubliniensis 

to identify genes that control chlamydospore formation on Staib agar, thereby partially 

elucidating the genetic basis o f this species-specific phenotypic trait in C. albicans and C. 

dubliniensis. Their results showed that differential regulation o f a single gene, N R G l, in C. 

a lb ic a n s  and C. dublin iensis  is responsible for their species-specific response to 

environmental changes {i.e growth on Staib agar) that induce chlamydospore development. 

However, overexpression o f CdNRG I suppressed pseudohyphal growth and production o f 

chlamydospores in C. dubliniensis. In contrast, deletion o f C aNRG l in C. albicans resulted 

in chlamydospore formation on Staib agar, confirm ing its central role in the regulation o f 

this m orphogenetic process (Staib & M orschhauser, 2005a). In another study, Staib & 

M orschhauser (2005b) dem onstrated that liquid  grow th culture m edium  containing 

H elianthus annuus (sunflower) extract or G uizotia  abyssin ica  seed w ill also induce 

chlam ydospore form ation in C. dubliniensis w hich w ill also be highly useful for the 

analysis o f gene expression during chlamydospore development and has an advantage over 

a solid media which lead to submerged mycelial growth o f  the cells and prevent separation 

o f  chlam ydospores from the growth m edium  w hich m akes their analysis problem atic. 

Therefore, comparative analysis o f gene expression on these media in subsequent studies

could prove helpful in increasing our understanding o f dimorphism in these species.
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5.2 Molecular epidemiology of C. dubliniensis in Saudi Arabia and Egypt

Candida dubliniensis has emerged at a time when significant changes in the 

epidemiology of fungal infections have occurred. This shift in the epidemiology of fungal 

infections has been explained, at least in part, by a change in the patient population 

susceptible to fungal infections. In particular, the increase in the number of 

immunocompromised patients such as HIV-infected patients and immunosuppressed 

patients undergoing chemotherapy, bone marrow or solid organ transplantation and the 

increasing use of invasive medical procedures have been associated with the increase in 

fungal disease (Coleman et a i, 1995 and 1998; Pfaller et al., 1999b & 2000; Krcmery & 

Barnes, 2002). Since then C. dubliniensis has been recovered from every continent and in 

different patient cohorts and clinical samples (Sullivan et al., 1997; Pinjon et al., 1998; 

Jabra-Rizk et al., 1999a; Kamei et al., 2000; Polacheck et al., 2000; Quindos et al., 2000; 

Fisher et al., 2001). However, much of the literature pertaining to C. dubliniensis has been 

on isolates recovered from Europe and the USA and little is known about the molecular 

epidemiology of C. dubliniensis isolates recovered from the Middle East, particularly the 

Arabs countries. One of the aims of the present study was to further investigate the genetic 

diversity of C. dubliniensis by fingerprint and genotype analysis of a collection of isolates 

recovered from individuals in Saudi Arabia and Egypt. The present work is the first work in 

which the C. dubliniensis isolates recovered from specific groups of immunocompromised 

patients including diabetics, renal transplant and cancer patients were examined by Cd25 

fingerprinting. In order to investigate the population structure and diversity o f C. 

dubliniensis isolates recovered in Saudi Arabia and Egypt compared to isolates recovered 

in other countries around the world, the 30 C. dubliniensis isolates recovered from separate 

Saudi Arabian (22 isolates) and Egyptian (8 isolates) patients were genotyped by PCR 

analysis according to Gee et al. (2002) (Table 4.1). The genotypes o f sixteen C. 

dubliniensis isolates recovered from individuals in Israel were also assessed for 

comparison. The genotype results of the 16 Israeli isolates (12/16, 75%) re-confirm the 

findings o f previous studies which reported that the majority of C. dubliniensis isolates 

belonged to genotype 1 (Gee et al., 2002; Brena et al., 2004). However, the majority of the 

30 combined Saudi Arabian and Egyptian C. dubliniensis isolates included in the study, 

20/30 (66.6%) belonged to genotypes 3 and 4 while only 6/94 (6.4%) C. dubliniensis
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isolates from 15 different countries around the world belonged to genotypes 3 and 4 in the 

previous study by Gee et al. (2002) (Table 4.1). However, the majority of the genotype 3 

isolates (60%) identified by Gee et al. and the single genotype 4 isolate were originally 

recovered in Israel. The significance of these genotypes is not yet known. However, 

anatomical selection of strains of Candida species in healthy individuals has been reported 

previously (Soil et al., 1991). In the Gee et al. (2002) study, isolates of C. dubliniensis 

belonging to genotypes 1 and 2 were predominantly recovered from the oral cavity (87.3% 

and 81% of genotype 1 and genotype 2, respectively). In contrast, the single genotype 4 

isolate and 71% of the genotype 3 isolates studied were from non-oral sites which suggest 

the possibility that there is anatomical selection of particular C. dubliniensis genotypes. 

However, this was not seen in the present study since all Saudi Arabian and Egyptian C. 

dubliniensis isolates apart from two (one belonged to genotype 1 and the other belonged to 

genotype 3) (Table 4.1), were oral isolates. Therefore, it is possible that the high prevalence 

of genotypes 3 and 4 isolates in the combined Saudi Arabian and Egyptian isolates 

population reflects ethnic or racial selection of a particular C. dubliniensis genotypes.

The two isolates (Eg207 & Is35) which failed to yield an amplimer with any of the 

genotype-specific primer pairs differ from the C  dubliniensis genotype 4 sequence at one 

and two nucleotide positions, respectively (Fig. 4.2 & Fig. 4.3). However, in the Gee et al. 

(2002) study the C. dubliniensis genotypes differed from one another by approximately 5 

bp in the entire ITS region. Hence, in the present study it appears that there is no substantial 

sequence difference observed between the C. dubliniensis genotypes even with the 

inclusion of more diverse C. dubliniensis isolates from different parts of the world. A larger 

study of C. dubliniensis isolates needs to be carried out with isolates from different 

geographic locations that have never been studied such as India, China, Africa, South 

America and the other Middle Eastern countries to further examine the genetic diversity of 

C. dubliniensis and to determine if there are other genotypes o f C. dubliniensis. In 

particular, it would be interesting to examine more C. dubliniensis isolates from Arabs, 

including oral isolates from subgingival and peritonsillar areas and non-oral sites. It is 

possible that more genotypes would be observed in a larger collection o f isolates from 

Arabs. McCullough et al. (1999b) reported differences in the geographic distribution of C. 

albicans genotypes in which C. albicans isolates from Israel belong predominantly to 

genotype C, in contrast to isolates from the United States which belong predominantly to
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genotypes A and B (M cCullough et a l ,  1999b).

A total o f 30 Saudi A rabian and Egyptian C. duhliniensis  isolates and 5 Israeli 

isolates from separate individuals were subjected to DNA fingerprinting analysis using the 

Cd25 fingerprinting probe and the com plex hybridisation profiles were subjected to 

com puter-assisted analysis with the fingerprint profile analysis software DENDRON which 

was used to com pute sim ilarity coefficient ( S a b )  values for every possible pairw ise 

com bination o f isolate patterns and these data were used to generate a dendrogram (Fig. 

4.5). The dendrogram showed that the isolates separated into two populations o f  isolates, 

the first corresponding to genotype 1 and the second to genotypes 3 and 4, respectively. To 

investigate the relatedness between the isolates recovered from the M iddle East in the 

present study and the C. duhliniensis isolates investigated in a previous study by Gee et al. 

(2002) from 15 countries around the world, a mixed dendrogram was generated from the 

Cd25 generated fingerprint patterns o f the 30 Saudi Arabian and Egyptian isolates, from 51 

independent isolates from 13 different countries from the Gee et al. (2002) and the five 

Israeli isolates included in the present study. Exam ination o f  the mixed dendrogram 

revealed that the isolates could be clearly divided at an S a b  node o f  0.05 into three distinct 

populations (Fig. 4.6). The first group corresponded to Cd25 group I previously described 

by Joly et al. (1999) and Gee et al. (2002) and consisted o f  all genotype 1 isolates which 

were very closely related with an average S a b  value o f  0.63±0.12. In addition to three o f 

five Israeli isolates fingerprinted in the present study including Is49 (genotype 2), Is36 

(genotype 3) and Is35 (genotype 4B), all genotype 2 and genotype 3 isolates tested from the 

Gee et al. (2002) study grouped within the second group o f isolates and corresponded to 

Cd25-group II isolates previously described by Joly et al. (1999) and Gee et al. (2002). No 

Saudi Arabian or Egyptian isolates belonged to Cd25-group II. As observed by Joly et al. 

(1999) and Gee et al. (2002) Cd25-group II isolates were m uch more diverse than the 

Cd25-group I population with an average Sab value o f  0.37±0.30. Significantly, all 20 

Saudi Arabian and Egyptian genotype 3 and 4 formed the third group o f isolates, termed 

Cd25-group III (average Sab value o f 0.35±0.19), together with a single genotype 4 Israeli 

isolate from the Gee et al. (2002) study. Previous studies suggested that because Cd25- 

group I is a more homogeneous subgroup o f C  duhliniensis they may represent a recent 

group o f  isolates which has become predom inant world-wide due to the HIV-pandemic 

(Joly et al., 1999; Gee et al. 2002). U nfortunately no C. duhlin iensis  isolates were
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recovered from the H IV-positive patients investigated in the present study to further 

exam ine this possibility (Table 4.4). O f particular interest is the fact that the Cd25- 

generated fingerprinted patterns o f C. dubliniensis isolates within the Cd25-group III clade 

are very distinct from the corresponding patterns o f  Cd25-group I and Cd25-group II 

isolates and can be easily distinguished by direct visual comparison (Fig. 4.6 & 4.7). This 

suggests that there are significant differences in the genomic organisation o f the Cd25- 

group III population. The uniqueness o f Cd25-group III isolates was further confirmed by 

the finding that they were all resistant to 5-FC a part from the single Israeli isolate p.7718. 

The majority o f C. dubliniensis  clinical isolates reported in the literature to date are 

susceptible to 5-FC (Moran et al., 1997 & 2002; Pfaller et al., 1999 & 2002; Quindos et al 

2004). Interestingly, an examination o f the records revealed that p7718 was recovered from 

an Arab individual in Jerusalem in 1999. If  our speculation that the 5-FC-resistant isolates 

reported by Fotedar and Al Hedaithy (2003) and Alimad et al. (2004) from Saudi Arabia 

and Kuwait, respectively, also belong to Cd25-group III is correct, this would suggest that 

Cd25-group III isolates may be predominant in and/or possibly restricted to individuals o f 

Arab dem ographic/ethnic groups. A ssociations between certain C andida  species and 

particular geographical regions and racial groups have been reported previously. A recent 

study by Blignaut et al. (2003) demonstrated a higher relative prevalence o f C. dubliniensis 

among white healthy individuals (16%) than among HIV-positive white individuals (9%), 

black healthy individuals (0%), and black HIV-positive individuals (1.5%) in South Africa. 

The results o f  this study suggested that in South Africa, C. dubliniensis colonisation is 

influenced more by race than HIV infection status. However, no South African-specific 

clade was identified; 14/15 (93%) C. dubliniensis isolates investigated in this study were 

shown to belong to Cd25-group I and the remaining isolate to Cd25-group II (Blignaut et 

a l,  2003). Another recent study by Blignaut et al. (2002) also identified a novel clade o f C. 

albicans in black and white South Africans. Furtherm ore, a study by M cCullough et al. 

(2004) reported that the genotype distribution o f C. albicans isolates from Arabs and Druze 

ethnic groups in Israel were significantly different from global populations. Further studies 

are required to investigate how widespread Cd25-group III isolates are in the Middle East 

and to determine their prevalence in other Arab populations including Jordanians, Syrians, 

Iraquis and others. Furthermore, it would be interesting to investigate whether additional 

clades are present among specific racial groups. Such studies may be facilitated by the
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application o f M LST analysis to C. dubliniensis epidemiological studies. As described in 

chapter 1 section 1.3.6, M LST is a recently proposed method for typing C. albicans 

(Bougnoux et al., 2002). It has been used frequently in the analysis o f  many C andida  

species (Lin et al., 1995; Pujol et al., 1997). W hen multilocus sequence types was applied 

to 42 C. albicans isolates it allowed the identification o f 39 unique genotype combinations 

(Bougnoux et al., 2002). Similarly, It w ould therefore be interesting to exam ine C. 

dubliniensis isolates by M LST to further examine the genetic diversity o f C. dubliniensis.

In conclusion, the present study has demonstrated the considerable genetic diversity 

o f C. dubliniensis  and reported for the first tim e the presence o f a novel 5-flucytosine- 

resistant clade o f C. dubliniensis (Cd25 group III) that is predominant among isolates from 

Saudi Arabia and Egypt and absent from a previously characterised international collection 

o f 98 isolates from 15 countries. The present study has also provided a simple, inexpensive 

method to differentiate between C. dubliniensis and  C. albicans isolates which is essential 

if the epidemilogy o f C. dubliniensis is to be elucidated.
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isolates w ere found to  be less closely related (average 
value, 0.57) and included a num ber o f distantly related sub­
populations and outliers (18). The close relatedness of Cd25 
group I isolates was fu rther confirmed in a recent study by 
M oran et al. (29) that showed that 14/24 (58% ) of Cd25 group 
I isolates tested  from 11 different countries contained identical 
nonsense m utations within the C dC D R l gene encoding the 
ABC transporter protein  C d C d rlp , suggesting that many of 
these isolates were clonal in origin. N one of 16 Cd25 group II 
isolates tested  from five different countries contained the non­
sense m utation. The study of G ee et al. (18) also revealed that 
Cd25 fingerprint group I isolates consisted of a single genotype 
(genotype 1) based on the nucleotide sequence of the internal 
transcribed spacer region (ITS) of the rR N A  gene cluster, 
w hereas Cd25 fingerprint group II isolates were found to con­
sist o f th ree genotypes (genotypes 2 to 4).

Most reported  isolates o f C. duhliniensis have been recov­
ered  from  individuals in E urope, the U nited States, South 
Am erica, and A ustralia (18, 45, 47), but there is relatively little 
inform ation on the prevalence or population structure o f this 
organism  in the M iddle East. T here have been a few reports of 
the isolation of C. duhliniensis in Israel, Saudi A rabia, and 
Kuwait (1, 16-18, 24, 26, 36), but little is known about the 
relatedness o f C. duhliniensis isolates from this area to isolates 
from the rest o f the world. The purpose of the present study 
was to investigate the relatedness o f C. duhliniensis isolates 
recovered from individuals in Saudi A rabia and Egypt by anal­
ysis o f genotypes and C d25-generated fingerprint profiles. The 
results o f the study identified the presence of a novel flucy­
tosine (5FC )-resistant C. duhliniensis clade predom inant 
am ong Saudi A rabian and Egyptian isolates that, apart from a 
single related  isolate originally recovered from an A rab indi­
vidual in Israel, was com pletely absent from a previously char­
acterized group of 98 C. duhliniensis isolates recovered from 94 
separate  individuals from 15 different countries.

M ATERIA LS AND M ETH O D S

C. dubliniensis  iso la tes. T h e  C. duhliniensis  clinical isolates used in this study 
tha t w ere recovered  from  individual pa tien ts  in Saudi A rabia, Egypt, and  Israel 
are listed in T ab le  I. A  to ta l o f 309 S audi A rab ian  patien ts  at the Riyadh M edical 
C en te r and  the  Jed d ah  K idney C en te r, Saudi A rab ia , and  125 E gyptian patien ts  
at the N ational In s titu te  o f  D iabe tes and the N ational Institu te  o f  C ancer. Cairo, 
Egypt, w ere  te sted  fo r the  presence  o f o ra l C  duhliniensis. P rior to sam pling, the 
presence  o f o ra l clinical signs and sym ptom s indicative o f oral candidiasis, in­
cluding p seu d o m em b ran o u s candid iasis, ery them atous candid iasis, m edian  
rhom boid  glossitis, and  angu lar cheilitis (12), w ere recorded . vSwab specim ens 
from  the  m id-dorsum  o f  the  tongue w ere  taken  and  p la ted  on to  C H R O M ag ar 
C and ida  m edium  ( I I .  45). A fter 48 h o f  incubation  at 3 7 ^ .  the  num ber of 
co lonies p re sen t on each  p la te  and th e ir  colors and relative abundances w ere 
recorded . S ingle-colony iso la tes w ere presum ptively identified as C. duhliniensis 
o r  C andida alhicans  on the  basis o f  th e ir  dark  g reen  o r  light g reen  colo ration , 
respectively (11, 21, 23, 45), and  subsequently  by the ir colony m orphology fol­
lowing grow th  on S taib aga r and P al’s agar as described  previously (2, 3, 44). In 
add ition , 5 o th e r  C. duhliniensis  clinical isolates (SAIOO to  S A I04) previously 
recovered  from  various specim ens from  sep ara te  pa tien ts  at the King Faisal and 
King K halid  H ospitals, R iyadh. S audi A rabia, and  16 C  duhliniensis  isolates 
recovered  from  various specim ens from  patien ts  at the H adassah  M edical C en ­
ter, Je ru sa lem . Israel, w ere  included in the  study (T ab le 1). Ten o f  the  16 Israeli 
C. duhliniensis isolates w ere recovered  as pure  cu ltu res. 4 in mixed cu ltu re  with 
non-C. alhicans Candida  species and 2 in mixed cu ltu re  m lh  Aspefgillus species.

D efinitive identification  o f  all C. duhliniensis isolates was confirm ed  by the 
inability o r  ability o f the  isolates to  grow at 45°C (35). by the ir substra te  assim ­
ilation profiles d e te rm in ed  w ith the  API ID  32C  yeast identification system

(b ioM erieux , M arcy TEtoile. F rance) (9. 34), and by PC R  analysis with C. 
^/;/Wm/67?.v/.v-specific prim ers as described  previously (14).

Iso lates w ere routinely cu ltu red  on p o ta to  dextrose agar (P D A : O xoid) m e­
dium . pH  5.6. al 37°C. For liquid culturing , isolates w ere grown overnight in yeast 
ex trac t'p ep to n e-d ex tro se  (Y P D ) b ro th  at 37°C in an o rb ital incubato r (G allen- 
kam p. L eicester. U n ited  K ingdom ) at 200 rpm.

C hem ica ls , enzym es, rad io iso topes , an d  o ligonucleotides. A naly tical-grade or 
m olecu lar biology-grade chem icals w ere pu rchased  from  Sigm a-A ldrich Ireland  j  

Ltd. (T allagh t, D ublin. Ire land), B D H  (P oole, D orse t. U n ited  K ingdom ), or 
R oche D iagnostics Ltd. (Lewes, E ast Sussex, U nited  K ingdom ). Enzym es w ere 
pu rchased  from  the P rom ega C o rpo ra tion  (M adison. W is.) and from  New E n ­
g land B iolabs Inc. (Beverly. M ass.) and  used according to  the m anu factu re rs’ 
instructions. [a-'^“P]dA T P (6.000 Ci m m ol 222 TBq m m ol ')  w as purchased  
from  A m ersham  In te rnationa l Pic. (L ittle C halfon t. B uckingham shire . U nited  
K ingdom ). C ustom -synthesized  o ligonucleotides w ere pu rchased  from  Sigma- 
G enosys B iotechnologies (E u ro p e ) Ltd. (Pam pisford , C am bridgeshire, U nited  
K ingdom ).

S ou th ern  b lo t hybrid iza tion  an d  co m pu ter-ass is ted  analysis . S ou thern  blot 
hybrid ization  o f  restric tion  endonuc lease-d igested  genom ic D N A  from  C  dul>\ 
liniensis  iso lates was perfo rm ed  as described  previously (48). E coR I-d igestcd  
D N A  w as e lec tropho re sed  th rough  0.65%  (w eight/volum e) agarose gels fo r 16 h 
a l 65 V and  tran sfe rred  by capillary b lo tting  to  nylon m em brane fillers (O sm on-i 
ics, W eslborough , M ass.) as described  previously (48). H ybrid ization  reactions; 
w ere  ca rried  out under high-stringency cond itions with the Cd25 p robe labeled 
w ith ‘̂ "P by random  prim er labeling (18).

C om pu ter-assisted  analyses o f hybridization pa tte rn s  w ere perfo rm ed  using, 
the  D E N D R O N  softw are package version  2.4 (Solltech. Iowa City, Iow a) asj 
d escribed  previously (18. 22, 43). D N A  from  the C. duhliniensis  iso late CM 6 wasi 
u sed  as a reference  on each gel used fo r com puter-assisted  analysis as describedi 
previously by Joly el al. (22) and  G ee et al. (18). based  on band  positiom  
a lone  w ere ca lcu la ted  for each  pairw ise com bination  o f  isolate p a tte rn s  accorel-i 
ing to  the  fo rm ula =  2EI{2E  -t- « +  h), w here E  is the num ber o f bandsi 
sha red  by strains A  and  B, a is the num ber o f bands unique to A, and h is thei 
num ber o f  bands un ique to  B (43). A n o f 1.00 rep resen ts  identical patterns,! 
and  .S'ahS ranging  from  0.01 to  0.99 rep resen t pa tte rn s  w ith increasing propor-j 
tions o f bands at the sam e positions. A  selection  o f C d25-genera ted  fingerprintl 
p a tte rn s  from  E coR l-d igested  D N A  from  an in ternational collection o f C'. dulf'l 
liniensis isolates from  the study o f  G ee et al. (18) from  this laborato ry  w ere usedi 
w ith D E N D R O N  to gene ra te  mixed dend rog ram s with the fingerprin t pattern} 
d a ta  g en e ra ted  w ith the S audi A rab ian , Egyptian, and  Israeli iso la tes as doH 
scribed  previously (5, 43).

(ieno typ ing . T em pla te  D N A  from  each  o f the Saudi A rabian , Egyptian, and 
Israeli C  duhliniensis isolates investigated  in this study was tested  in separate , 
P C R  am plification experim ents w ith each o f the p rim er pairs G IF /G IR . G2F/j 
G 2R . G 3F /G 3R . and  G 4F /G 4R  to  identify the genotype o f the  isolate as do^ 
scribed  by G ee et al. (18). G eno types are  ascribed based  on the nucleotidei 
sequences  o f the in ternal tran scribed  spacer I ( ITS 1) and  ITS2 regions and  o f the; 
intei-vening 5.8S rR N A  gene (51). T em pla te  D N A s from  the fou r reference 
duhliniensis  isolates (C D 36, genotype 1; C an4. genotype 2; CD 519. genotype 3  
and  p7718. genotype 4) previously described  by G ee et al. (18) w ere used ioj 
con tro l experim ents. Each PC R  w as ca rried  o u t w ith one  pa ir o f genotypcii 
specific p rim ers and the universal fungal p rim ers R N A F /R N A R  (15), which' 
am plify approxim ately  610 bp from  all fungal ia rge-subunit rR N A  genes and  
w ere  used  as an  in ternal positive con tro l. Tw o isolates (Eg207 and Is35 [Table 1]|| 
failed  to  yield am plim ers with any o f  the genotype-specific p rim er sets described^ 
above. T he ITS region from  each o f these isolates was am plified using thei 
ITS1/IT S2 (51) p rim er pa ir and  cloned, and  the  nucleo tide  sequence  was o b || 
ta in ed  and  com pared  as described  previously (18). pB luescrip t II K S ( - )  wasj 
used  to  clone the  purified  am plim ers using s tandard  p rocedu res  (40). G enotyp-j 
ing experim en ts w ere perfo rm ed  on a m inim um  o f  tw o occasions with eacbj 
iso la te tested  w ith separately  p rep are d  C. duhliniensis  tem p la te  D NA .

A ntifun^al suscep tib ility  te sting . T he 22 Saudi A rab ian . 8 Egyptian, and  I | |  
Israeli C. duhliniensis  iso la tes investigated  in this study w ere tested  fo r susceffi 
tibility  to  5F C  by the  b ro th  m icrod ilu tion  m e thod  described  in the C linical and! 
L abo ra to ry  S tandards  In stitu te  (C LSI) (form erly  N ational C om m ittee for Clinll 
ical L abo ra to ry  S tandards [N CCLS]) docum en t M 27-A2 (31). In add ition , 24 C.; 
dubliniensis  isolates from  the  study o f G ee e t al. (18). w hich w ere recovered  from 
12 d iffe ren t coun tries, w ere also te sted  (th e se  included 10 Cd25 g roup  I isolates 
[genotype 11 and  14 Cd25 g roup  II iso la tes [8 o f genotype 2. 5 o f  genotype 3, and 
1 o f  geno type 4]). A  stock so lu tion  o f 5F C  (S igm a-A ldrich) was p rep are d  in water 
a t a con cen tra tio n  o f 1 mg/ml. Serial d ilu tions w ere then  m ade in R PM I 164C 
m edium  (S igm a-A ldrich) buffered  to pH  7.0 w ith 0.165 M m orpho linepropane- 
su lfonic acid. T esting  was ca rried  o u t in a final volum e o f  100 |j.I in 96-well plates
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TABLE 1. C. dubliniensis clinical isolates used in the study"

C. dubliniensis 
isolate^’

Country of 
origin'' Yr of isolation Underlying patient 

condition Sample 5FC MIC,,, 
([xg/ml)''

Cd25
fingerprint

group*’
Genotype^

Eg200=^ Egypt 2002 Diabetes Oral 128 III 4
Eg201 Egypt 2002 Cancer Oral 128 III 4
Eg202 Egypt 2002 Cancer Oral 128 III 4
Eg203 Egypt 2002 Cancer Oral 0.125 I 1
Eg204 Egypt 2002 Cancer Oral 0.125 I 1
Eg205 Egypt 2002 Diabetes Oral 0.125 I 1
Eg206 Egypt 2002 Diabetes Oral 0.125 I 1
Eg207 Egypt 2002 Diabetes Oral 128 III 4A

SAIOO* S. Arabia 2002 Leukemia Oral 128 III 3
SAlOl* S. Arabia 2002 Leukemia Oral 0.125 I 1
SA102* S. Arabia 2002 Leukemia Blood 0.125 I 1
SA103 S. Arabia 2002 Pneumonia BAL 128 III 3
SA104 S. Arabia 2002 Pneumonia Oral 128 III 4
SA105* S. Arabia 2002 Diabetes Oral 0.125 I I
SA106 S. Arabia 2002 Diabetes Oral 0.125 I 1
SAI07* S. Arabia 2002 Diabetes Oral 128 III 3
SA108 S. Arabia 2002 Diabetes Oral 128 III 3
SA109 S. Arabia 2002 Diabetes Oral 128 III 3
SAllO S. Arabia 2002 Diabetes Oral 128 III 3
S A l l l S. Arabia 2002 Diabetes Oral 128 III 3
SA112 S. Arabia 2002 Diabetes Oral 128 III 3
SA113* S. Arabia 2002 Diabetes Oral 128 III 4
SA114 S. Arabia 2002 Diabetes Oral 128 III 3
SA115 S. Arabia 2002 Diabetes Oral 0.125 I 1
SA116 S. Arabia 2002 Diabetes Oral 0.125 I 1
SA117 S. Arabia 2002 Diabetes Oral 128 III 3
SA1I8 S. Arabia 2002 S/P renal Tx Oral 128 III 3
SA119 S. Arabia 2002 S/P renal Tx Oral 128 III 3
SA120 S. Arabia 2002 S/P renal Tx Oral 128 III 3
SA121 S. Arabia 2002 S/P renal Tx Oral 128 III 4

Is34 Israel 2000 Liver transplant BAL 0.125 N D 3
Is35 Israel 2001 Nephritis Oral 0.125 II 4B
Is36 Israel 2001 CF Sputum 0.125 II 3
Is38 Israel 2001 SBE Urine 0.125 ND 1
Is39 Israel 2001 Stroke Sputum 0.125 ND 1
Is40 Israel 2002 Renal failure Throat 0.125 ND 1
Is41 Israel 2002 CF Sputum 0.125 ND 1
Is42 Israel 2002 Leukemia Throat 0.125 ND 1
Is43 Israel 2002 CF Sputum 0.125 N D 1
Is44 Israel 2002 CF Sputum 0.125 ND 1
Is45 Israel 2002 CF Sputum 0.125 I 1
Is46 Israel 2002 Trauma BAL 0.125 ND 1
Is47 Israel 2002 Ciliary dyskinesia Sputum 0.125 I 1
Is48 Israel 2002 CF Sputum 0.125 N D 1
Is49 Israel 2003 CF Sputum 0.125 II 2
Is51 Israel 2003 Postsurgery ENT 0.125 N D 1

" The provenance of the isolates is detailed in Materials and M ethods. Abbreviations: S. Arabia, Saudi Arabia; BAL, broncheoalveolar lavage; ENT, endotracheal 
aspirate; SBE, subacute bacterial endocarditis; S/P renal Tx, stage post-renal transplantation; CF, cystic fibrosis; ND, not done.

Isolates marked with an asterisk had their FC Yl and FURl genes amplified and sequenced.
Egyptian and Saudi Arabian isolates were all recovered from Arab individuals, whereas Israeli isolates were recovered from Jewish individuals, apart from Is35, Is40, 

Is43, and Is44, which were recovered from Arab individuals in Israel.
‘‘ MlCsd values were determined according to NCCLS document M27-A2 (31).

Refers to major groups of isolates (Fig. 2) identified following computer-assisted analysis of Cd25-generated hybridization fingerprint profiles of EcoRI-digested 
genomic DNA using the DENDRON com puter software package. Only 5 selected Israeli isolates were fingerprinted in the present study, although all 16 were 
genotyped.

' Determined by PCR using the genotype-specific primers described by Gee et al. (18). The nucleotide sequences of the ITS regions of the variant genotypes 4A and 
4B differed from the genotype 4 ITS consensus sequence at one and two nucleotide positions, respectively.

containing final concentrations of 5FC ranging from 0.12 to 128 fi-g/ml with 
inoculum densities of 1.5 X 10-̂  ±  I X 10'̂  CFU. Drug-free and yeast-free 
controls were included in each plate. After 48 h of incubation at 30°C, the cell 
density was measured at 450 nm with a Spectra I autom ated plate reader (SLT 
Labinstruments, Grodig, Austria). The MICs were determined as the lowest 
concentrations of 5FC that reduced turbidity by 50% (MIC^,,) relative to the 
growth of the drug-free growth controls. All isolates were tested on a minimum

of two occasions in separate experiments. The results were interpreted according 
to the criteria of the NCCLS using the following breakpoints: susceptibility, < 4  
[jLg per ml; intermediate resistance, 8  to 16 |jLg per ml; resistance, S:32 |xg per ml.

Amplification and sequencing of C. dubliniensis FCYl and FURl genes. The 
complete open reading frames (ORFs) of the C. dubliniensis genes encoding 
uracil phosphoribosyltransferase {FURl) and cytosine deaminase {FCYl) were 
amplified by PCR from seven selected Middle Eastern isolates, including four
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TABLE 2. Nucleotide sequences o f PCR primers used to amplify 
the C. duhliniensis F U R l and FCYI genes"

Prim er S equence (5 ' to  3 ') N ucleotide
coordinates^'

FCYIF CGGCATATTAATTCCGCTTG -1 4 5  to -1 6 4
FCYIR CGAATTCTCTTCTGCTTCTG + 106 to +125
FU R  IF ATG TG G GTTACA TCAG AAG A - 1 9 8  to -2 1 7
F U R IR TCTCGCGACCCTCCTCTAAC + 205 to +224

" T he nucleo tide sequences o f the C. duhliniensis F U R l and  F C Y I  genes w ere 
ob ta ined  from  the C. duhliniensis  genom e sequence d a tabase  (http://w w w .sanger 
.ac.uk/Projects/C _dubliniensis/).

^ N ucleo tide coo rd inates  fo r C. duhliniensis  genes F U R l and  F C Y I  have the 
first bases o f  the A T G  s ta rt codons designa ted  + 1.

5F C -resistan t (M IC 50 ^  128 jxg/ml) and  th ree  5FC -susccptibIe (M IC 5,, <  0.125 
fxg/ml) iso la tes (Table I) , and  th e ir  nucleo tide sequences w ere determ ined . 
T hese  w ere com pared  w ith the  correspond ing  sequences o f  the  5FC -susceptible 
reference  strains CD 36 and  C M 6 (genotype 1). CD 506, C an 6, and  CD541 (ge­
notype 2), C D 5 I9  and  p6265 (genotype 3), and  p7718 (geno type 4) described 
previously by G ee et al. (18). T he sequences o f  the C  albicans  genes F C Y I  
(G enB ank  accession no. U 55194) and F U R l  (S tanfo rd  orf6.3823) w ere used in a 
BLA ST search  against the  C. duhliniensis  genom e sequence  d a tabase  (the  W ell­
com e T rust Sanger In s titu te  C. duhliniensis genom e sequence  pro ject; http://www 
.sanger.ac .uk/P rojec ts/C _dublin iensis/) to  identify  the C. duhliniensis  hom ologs. 
T he C. duhliniensis F U R l gene is 841 bp  in length and exhib ited  93.3%  hom ology 
with the C. alhicans gene . Sim ilarly, the  C  duhliniensis F C Y I  gene is 529 bp in 
length and  exhibited 100% hom ology w ith the C. alhicans g ene  (d a ta  not shown). 
T he p rim er pairs F C Y IF I /F C Y IR I  and F U R lF l /F U R I R l  w ere designed to 
am plify the com plete  O R F s  o f  each  o f  the C. duhliniensis genes, including som e 
upstream  and dow nstream  sequences (T ab le 2). R eaction  m ixtures con ta ined  
100 ng o f  purified tem p la te  D N A . i x  Expand H igh F idelity  buffer (R oche, 
Lewes, E ast Sussex, U n ited  K ingdom ), deoxynucleoside trip h o sp h a tes  at con ­
cen tra tions  o f 0.2 mM  each . 2.5 U  o f  Expand H igh F idelity  PC R  system  enzym e 
mix (R oche), and  0.2 p.M co n cen tra tions  o f e ith e r F C Y IF I /F C Y IR I  o r 
F U R lF l /F U R lR l .  T he reac tion  m ixtures w ere sub jec ted  to  an initial dena tu r- 
a tion  for 7 min at 94°C and  30 cycles o f  I m in at 9 4 X , 1 min o f  annealing  at 50°C 
for F C Y I  o r  at 52.5°C for F U R l, and  1 m in at 74®C. T he final ex tension  was for 
10 min at 72°C. A m plilication  p roducts w ere purified using a P rom ega PCR 
ex traction  kit (P rom ega) and  sequenced  in bo th  the  forw ard  and reverse d irec­
tions with the  prim ers used fo r th e ir  am plifications. PC R s w ith each isolate tested  
w ere perfo rm ed  a m inim um  o f th ree  tim es in separa te  experim en ts w ith sepa­
rately  p rep are d  tem p la te  D N A . A t least th re e  cloned  am plim ers from  each 
sep ara te  P C R  experim ent w ere sequenced  for each iso late tested .

DNA sequence analysis . N ucleo tide sequence analysis w as perfo rm ed  by the 
dideoxy chain -term inating  m ethod  o f  Sanger e t al. (41) by use o f  an au tom ated  
A pplied  Biosystem s 377 D N A  seq u en ce r and  dye-labeled te rm ina to rs  (A pplied 
Biosystem s, F oster City, Calif.). T h e  sequencing  prim ers used  for IT S l and  ITS2 
and  the in tervening  5.8S rR N A  gene o f  C. duhliniensis w ere the  M 13 forw ard and 
reverse prim ers. T o  sequence  the  F C Y I  and  F U R l genes, the  F C Y lF l/F C Y l R1 
and  F U R lF l/F U R lR 1  p rim er pairs w ere used (T ab le  2). S equence alignm ents 
w ere ca rried  out using the  C L U S T A L  W  sequence  analysis co m p u te r softw are 
package (50).

RESULTS

Candida dubliniensis from Saudi Arabian and Egyptian pa­
tients. O ral swab sam ples were obtained from  434 im m uno­
com prom ised patients in four hospitals in Saudi A rabia and 
Egypt (Table 3). T he proportions o f oral C andida-po^itivt 
individuals sam pled from the two countries w ere similar (Saudi 
A rabia, 62.8%; Egypt, 70.4% ), as w ere the p roportions of 
individuals that yielded C. dubliniensis (Saudi A rabia, 5.5%; 
Egypt, 6.4% ) (Table 3). D etails o f the Saudi A rabian and 
Egyptian cohorts sam pled and the prevalence of oral C. dub­
liniensis and o ther Candida species recovered from these co­
horts are shown in Table 3. In total, 17 Saudi A rabian and 8 
Egyptian C. dubliniensis isolates w ere recovered from the pa­

tient cohorts sam pled. Five additional Saudi A rabian C. duh­
liniensis isolates were included in the study, resulting in a 
collection of 30 Saudi A rabian and Egyptian isolates for this 
investigation (Table I). An additional 16 C  dubliniensis iso­
lates recovered in an Israeli hospital w ere included for com ­
parison (Table 1).

Genotyping of C. dubliniensis isolates. In a previous study in 
which 98 C. dubliniensis isolates from 15 different countries 
were investigated, it was found that C. dubliniensis consists of 
four separate genotypes based on the nucleotide sequence of 
the ITS region of the rR N A  gene cluster (18). Interestingly, 4/6 
genotype 3 and genotype 4 isolates included in this study were 
from Israel. In o rder to begin to investigate the population 
structure and diversity o f C. dubliniensis isolates recovered in 
Saudi A rabia and Egypt com pared to  those of isolates recov­
ered in o ther countries around the world, the 30 C. dubliniensis 
isolates (Table 1) recovered from separate Saudi A rabian (22 
isolates) and Egyptian (8 isolates) patients w ere genotyped by 
PCR analysis. Sixteen C. dubliniensis isolates recovered from 
individual patients in Israel w ere used for com parison (Table
1). T em plate D NA  from each isolate was tested  separately in 
PCR experim ents with each o f the genotype-specific prim er 
pairs G IF /G IR . G 2F/G 2R. G 3F/G 3R , and G 4F/G 4R  previ­
ously described by G ee et al. (18). These prim ers allow C. 
duhliniensis isolates to be grouped into one o f four genotypes 
based on the nucleotide sequences o f ITSl and ITS2 regions 
and of the intervening 5.8S rR N A  gene region of the rR N A  
gene cluster. Isolates belonging to a particular genotype yield 
a single PCR am plim er only with the corresponding genotype- I 
specific prim ers. T em plate D NA  from each o f the reference C. i 
dubliniensis isolates, i.e., CD36 (genotype I ). C an4 (genotype j
2), CD519 (genotype 3), and p7718 (genotype 4), was used in 
control experim ents.

All o f the C  dubliniensis isolates tested yielded the 610-bp I 
product resulting from am plification with the fungal universal 
primers. Six (27.3% ) of the Saudi A rabian and four (50% ) of 
the Egyptian isolates tested w ere found to belong to genotype

TABLE 3. Recovery of oral C. duhliniensis from Saudi Arabian and 
Egyptian patients

Country and 
no. o f patients

U nderlying
condition

No. (% ) 
with oral 

candidiasis"

No. (% ) 
oral Candida 

positive

No. (% ) 
yielding 

C  dubliniensis’’̂

Saudi A rabia^’
160 R enal transp lan t 42 (26.3) 104 (6.5) 4 (2.5)
1.32 D iabetes 9 (6.8) 78 (59) 13 (9.9)
17 m V -in fe c ted 0 (0 ) 12 (70.6) 0 (0 )

Egypt
.58 N eoplasia 12(20.7) 39 (67.2) 4 (6.9)
67 D iabetes 6 (8.9) 49 (73.1) 4 (6.0)

T otal, 432 69 (16) 282 (65.3) 25 (5.8)

" Swabs from  all individual.s w ith clinical sym ptom s indicative o f o ra l candid i- ! 
asis yielded sem iconflucnt o r confluent grow th  o f Candida  species. [

* Six o f  the  25 C  dubliniensis isolates w ere  recovered  as p u re  cu ltu res, w hereas j 
the rem aining  19 w ere iso la ted  in mixed cu ltu re  w ith o th e r  C andida  species, 
p redom inan tly  C. alhicans.

' In add ition  to the  isolates refe rred  to above, five add itiona l C. dubliniensis 
isolates, recovered  from  various specim ens from  sep ara te  Saudi A rab ian  indi­
viduals (SAIOO to  SA104 in T ab le 1). w ere included in the  study, b u t de ta ils  on 
w hethe r they w ere iso la ted  with o th e r yeast species w ere no t available.
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1 (Table 1), whereas none of the Saudi Arabian or Egyptian 
isolates tested belonged to genotype 2. Thirteen (59.1%) of the 
Saudi Arabian isolates but none of the Egyptian isolates be­
longed to genotype 3. The remaining three Saudi Arabian 
isolates and three of the four remaining Egyptian isolates be­
longed to genotype 4 (Table 1). One Egyptian isolate (Eg207) 
failed to yield an amplimer with any of the genotype-specific 
primer pairs, i.e., G IF/G IR , G2F/G2R, G3F/G3R, and G4F/ 
G4R. In order to investigate Eg207 further, the ITS region 
from this isolate was amplified by PGR using the ITS1/ITS2 
primer pair (51) and cloned, and its nucleotide sequence was 
determined and compared with the corresponding ITS se­
quences of genotypes 1 to 4 previously reported by Gee et al. 
(18). The ITS sequence of Eg207 was found to diifer from the 
C. dubliniensis genotype 4 consensus sequence at nucleotide 
position 82 (T-to-C transition) according to the numbering 
system of Gee et al. (18). Isolate Eg207 was deemed to be a 
genotype 4 variant, termed genotype 4A. Of the 16 C. dublini­
ensis isolates from Israel included in the study, 12/16 (75%) 
belonged to genotype 1, 1/16 (6.3%) belonged to genotype 2, 
and 2/16 (12.5%) belonged to genotype 3 (Table 1). The re­
maining isolate (Is35) failed to yield an amplimer with any of 
the genotype-specific primer pairs and had its ITS region am­
plified and sequenced as described above for Egyptian isolate 
Eg207. The ITS sequence of Is35 was found to differ from the 
C. dubliniensis genotype 4 ITS consensus sequence at nucleo­
tide positions 63 (T-to-C transition) and 82 (T-to-C transition) 
according to the numbering system of Gee et al. (18) and was 
deemed to be a genotype 4 variant, termed genotype 4B.

These results demonstrated that genotype 3 and genotype 4 
isolates predominated (20/30; 66.6%) among the combined 
Saudi Arabian and Egyptian isolates studied. This is in contrast 
with the Israeli isolates, where genotype 1 isolates predomi­
nated (12/16; 75%), and with the 98 C. dubliniensis isolates 
from the study of Gee et al. (18), which were recovered in 15 
different countries from around the world where genotype 1 
isolates predominated (71/98; 72%).

DNA fingerprint analysis of Saudi Arabian and Egyptian C. 
dubliniensis isolates. In order to investigate the unexpectedly 
high prevalence of genotype 3 and genotype 4 isolates and the 
range of genetic diversity among C. dubliniensis isolates from 
Saudi Arabia and Egypt, the 30 isolates included in the study 
were fingerprinted with the C. dubliniensis-specific complex 
DNA fingerprinting probe Cd25. Only 5 of the Israeli isolates 
were fingerprinted, because the majority (12/16) belonged to 
genotype 1 and a previous study from this laboratory dem on­
strated that genotype 1 Israeh C. dubliniensis isolates belong to 
fingerprint group Cd25-I (18). The Israeli isolates finger­
printed included the two genotype 1 isolates Is45 and Is47, the 
genotype 2 isolate Is49, the genotype 3 isolate Is36, and the 
genotype 4B variant isolate Is35 (Table 1). The Cd25 DNA 
fingerprint profiles were subjected to computer-assisted anal­
ysis with the fingerprint profile analysis software package 
DENDRON. 5^3 values were computed for every possible 
pairwise combination of isolates, and these data were used to 
construct dendrograms showing the relationships between the 
isolates. Examination of the dendrogram constructed from fin­
gerprint data obtained with the Saudi Arabian and Egyptian 
isolates revealed that the 30 isolates could be clearly divided by 
a node at an value of 0.05 into two distinct main popula­

tions of isolates, the first corresponding to genotype 1 and the 
second to genotypes 3 and 4 (Fig. 1). The total collection of 
Saudi Arabian and Egyptian isolates had an average 5^0 value 
of 0.28 ± 0.27. The first subpopulation (genotype 1) of isolates 
had an average value of 0.86 ± 0.27, whereas the second 
subpopulation (genotype 3 [average value, 0.47 ± 0.15] 
and genotype 4 [average 5'ab value, 0.53 ±  0.22]) had an 
average 5’̂ ^  value of 0.35 ±  0.19. In order to investigate the 
relationships between the two populations of Saudi Arabian 
and Egyptian isolates identified in this collection and the two 
groups (Cd25 group I and Cd25 group II) identified in isolates 
from countries around the world by Joly et al. (22) and verified 
by Gee et al. (18), a mixed dendrogram was generated from the 
30 Saudi Arabian and Egyptian isolates, the 5 Israeli isolates, 
and 51 independent isolates from 13 countries from the study 
of Gee et al. (18) (which included 32 isolates from Cd25 group 
I and 19 isolates from Cd25 group II). Examination of the 
mixed dendrogram revealed that the isolates could be clearly 
divided at an node of 0. 05 into three distinct populations 
(Fig. 2). The first group of isolates (average 5'ab value of 
0.63 ± 0.12) consisted solely of genotype 1 isolates and corre­
sponded to Cd25 group I, previously described by Joly et al. 
and Gee et al. (18, 22). This group contained the six Saudi 
Arabian (SAlOl, SA102, SA105, SA106, SA115, and SA116), 
the four Egyptian (Eg203, Eg204, Eg205, and Eg206), and the 
two Israeli (Is45 and Is47) genotype 1 isolates fingerprinted in 
this study mixed with isolates from the study of Gee et al. (18). 
The second group of isolates (average value of 0.37 ± 
0.30) corresponded to Cd25 group II, previously described by 
Joly et al. and Gee et al. (18, 22), and did not contain any Saudi 
Arabian or Egyptian isolates but did contain the other three 
Israeli isolates fingerprinted in this study, including Is49 (ge­
notype 2), Is36 (genotype 3), and Is35 (genotype 4B) mixed 
with isolates from the study of Gee et al. (18). The third group 
of isolates (average value of 0.35 ± 0.19) consisted of the 
20 genotype 3 and genotype 4 Saudi Arabian and Egyptian 
isolates included in this study together with the genotype 4 
Israeli isolate p7718 from the study of Gee et al. (18). This 
latter isolate was a distinct outlier within Cd25 group II in the 
study of Gee et al. (18). None of the Saudi Arabian or Egyptian 
genotype 3 or genotype 4 isolates mixed with any of the Cd25 
group I or Cd25 group II isolates from the study of Gee et al. 
(18). These findings demonstrated that genotype 3 and geno­
type 4 Saudi Arabian and Egyptian C. dubliniensis isolates 
consist of a hitherto-undescribed clade of isolates that is prev­
alent in Saudi Arabia and Egypt but, apart from the Israeli 
isolate p7718, was absent from the international collection of 
isolates from the study of Gee et al. (18). The third group of C. 
dubliniensis isolates forming the novel Saudi Arabian and 
Egyptian clade was termed Cd25 group III (Fig. 2).

The Cd25-generated fingerprinted patterns of C. dubliniensis 
isolates within the Cd25 group III clade are very distinct from 
the corresponding patterns of Cd25 group I and Cd25 group II 
isolates and can be easily distinguished by direct visual com­
parison (Fig. 3). In particular, Cd25 group III isolates yield 
fingerprints with far fewer bands (i.e., 8 to 13 bands) compared 
with Cd25 group I and Cd25 group II fingerprint profiles (i.e., 
15 to 20 bands). More strikingly, the majority of Cd25 group III 
isolates investigated in this study have no or very few bands 
below 3.5 kb (Fig. 3).
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Average value
Genotype 1 = 0.86 ±0.27 
Genotype 3 = 0.47 ±0.15 
Genotype 4 = 0.53 ±0.22
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FIG . 1. D endrogram  g enera ted  from  the com puted  for every possible pairwise com bination o f 30 C. dubliniensis isolates recovered  fronl( 
individual patien ts in Saudi A rabia and Egypt fingerprin ted  with Cd25. The provenances o f the isolates are shown in T ab les 1 and 3. A t an 
node o f 0.05. the isolates are  divided into two m ain populations. T he first o f these populations consists solely o f  genotype 1 isolates and are  closelyi 
related , with an average value o f  0.86 ±  0.27. T he second population  consists o f genotype 3 and genotype 4 isolates th a t are  less closely related! 
to each o th e r than  a re  genotype 1 isolates and have an average value o f 0.35 ±  0.19. A t an node of 0.22, the second population  is dividedS 
into two subpopula tions consisting o f genotype 3 and genotype 4 isolates, respectively.

Flucytosine resistance in Cd25 group III isolates. Several 
previous studies have reported  that the m ajority o f C. dublini­
ensis clinical isolates reported  in the literature  are susceptible 
to commonly used antifungal drugs, including azoles, am pho­
tericin B, and 5FC  (29, 30, 32, 33, 39). However, two recent 
studies reported  an unusually high prevalence of 5FC resis­
tance am ong C. dubliniensis isolates from Saudi A rabia and 
Kuwait (1, 17). In o rder to investigate w hether there  is an 
association betw een the Cd25 group III isolates identified in 
the present study and resistance to 5FC, all o f the Saudi A ra ­
bian, Egyptian, and  Israeli C. dubliniensis isolates included in 
the study were tested for susceptibility to 5FC with the NCCLS- 
approved broth m icrodilution m ethod (31). A  selection of 24 
independent C. dubliniensis isolates from 12 different countries 
from  the study o f G ee et al. (18) w ere also included for com ­

parison (which included 10 Cd25 group I isolates [genotype l ] j  

and 14 Cd25 group II isolates [8 o f genotype 2, 5 o f genotype 
3, and I o f genotype 4]). All 10 Cd25 group I (genotype l)i 
Saudi A rabian and Egyptian isolates, all 16 Israeli isolates, and  
all 24 reference isolates from the study o f G ee et al. (18) w er^ 
found to be 5FC susceptible (MIC^,, s  0.125 jj-g/ml) (Table 1).. 
In contrast, all 20 of the Saudi A rabian and Egyptian isolates 
belonging to  Cd25 group III (genotypes 3 and 4) w ere 5FC? 
resistant (MlCcj,, >  128 )JLg/ml) (Table 1). Interestingly, Israelj 
isolate p7718, which belongs to this group, was susceptible to 
5FC (M ICjd <  0.125 |i,g/ml). These findings dem onstrate  that 
the Saudi A rabian and Egyptian isolates form ing the novel 
CD25 group III clade can be distinguished from C. dubliniensis 
isolates belonging to o ther groups on the basis o f resistance to 
5FC.
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Analysis of C. dubliniensis FCYl and FURI gene sequences.
Resistance to 5FC  in C. albicans has been shown previously to 
be linked to a single clade (38). A recent study dem onstrated  
that 5FC resistance in C. albicans is linked to a point m utation 
at nucleotide position 301 in the FU RI gene encoding uracil 
phosphoribosyltransferase activity tha t results in the replace­
m ent o f arginine with cysteine at am ino acid position 101 in the 
translated  protein (13). A nother recent study reported  that a 
point m utation in the C. albicans F C Y l gene (encoding cyto­
sine deam inase) resulting in a glycine-to-aspartate substitution 
at position 28 in the translated  protein may also be associated 
with 5FC  resistance (20). In o rder to investigate w hether m u­
tations in the C. dubliniensis F U R I and F C Y l genes could be 
associated with 5FC resistance in the Saudi A rabian and Egyp­
tian Cd25 group III isolates identified in the p resen t study, the 
com plete O R Fs of these genes together with flanking se­
quences w ere amplified by PCR with prim ers specific for the C. 
dubliniensis FU RI and F C Yl genes (Table 2). A m plim ers of 
both genes were obtained and sequenced from  three 5FC- 
resistant (M IC j,, a  128 p-g/ml) Saudi A rabian isolates, i.e., 
SAIOO. SA107 (both genotype 3), and SA113 (genotype 4), 
from three 5FC-susceptible (MIC^,, <  0.125 ixg/ml) Saudi A ra­
bian isolates, i.e., SAIOI. SA102, and SA105 (all genotype 1), 
and from the 5FC -resistant (MIC^,, >  128 (J-g/ml) Egyptian 
isolate Eg200 (genotype 4). These sequences w ere com pared 
with the corresponding sequences obtained from selected 5FC- 
susceptible (M ICs,, s  0.125 (xg/ml) reference isolates from the 
study of G ee et al. (18), including CD36 and CM 6 (genotype 
1), CD506, Can 6, and CD541 (genotype 2), CDS 19 and p6265 
(genotype 3), and p7718 (genotype 4).

The sequences o f the F C Y l gene and flanking sequences 
from all o f the 5FC-susceptible reference isolates tested and 
the 5FC-susceptible Saudi A rabian genotype I isolates SA102 
and SA105 were identical to the F C Y l consensus sequence of 
the C. dubliniensis type strain CD36 obtained from the C. 
dubliniensis genom e sequence database (http://www.sanger.ac 
.uk/Projects/C_dubliniensis/). The 5FC-resistant Saudi Arabian 
isolates SAIOO, SA107, and SA113 and the 5FC -resistant 
Egyptian isolate Eg200 each contained a single identical nu ­
cleotide polym orphism  (transition from A to T ) at position 258 
in the F C Y l gene sequence that did not result in an am ino acid 
residue change in the predicted protein. C om parison of the 
nucleotide sequences o f the F U R I genes from the 5FC-suscep- 
tible reference isolates and the 5FC-susceptible and 5FC-re-

sistant Saudi A rabian and Egyptian isolates revealed the pres­
ence of several single nucleotide polym orphisms, none of 
which resulted in changes in am ino acids in the predicted 
protein  (data not shown).

These results dem onstrated  that polym orphisms in the F C Yl 
and F U R I genes could not be associated with 5FC resistance in 
the C  dubliniensis isolates tested.

DISCUSSION

T here have been several reports describing the recovery of 
C. dubliniensis isolates in a variety of M iddle E astern countries 
(1, 17, 18, 26), but little is known about the population struc­
ture or the epidem iology of these isolates o r their relationship 
to  isolates recovered in the rest o f the world. G ee et al. (18) 
included eight independent isolates o f C. dubliniensis recov­
ered  in Israel in their study, four o f which belonged to Cd25 
group I (genotype 1), with the o ther four belonging to Cd25 
group II. Interestingly, three of these four Cd25 group II iso­
lates belonged to  genotype 3 and one belonged to genotype 4. 
In fact, o f the five genotype 3 isolates identified by G ee et al. 
(18) out of a total o f 98 isolates investigated from 15 different - 
countries, three (60% ) were from Israel. The single genotype 4 ; 
isolate identified am ong the isolate collection of G ee et al. (18) ' 
was also from Israel. These findings suggested that distinct | 
subpopulations of C. dubliniensis may be present in Israel and 
possibly in neighboring countries. The purpose of the present 
study was to investigate this possibility fu rther by analyzing 
additional isolates o f C. dubliniensis from Saudi A rabia, Egypt, ' 
and Israel. ^

In this study, we investigated a total o f 46 independent C. ; 
dubliniensis isolates recovered from three countries in the M id­
dle East, including 30 C. dubliniensis isolates recovered from 
Saudi A rabian and Egyptian patients with severe underlying^ 
conditions and 16 C. dubliniensis isolates from Israeli patientsi 
(Table I).

G enotyping o f the C  dubliniensis isolates dem onstrated  that i 
the m ajority (12/16; 75% ) of the sixteen Israeli isolates tested 
belonged to  genotype 1 (Table 1), sim ilar to what has been 
found in previous studies (8, 18). O ne o f the rem aining Is ra e li ' 
isolates belonged to genotype 2, two belonged to genotype 3 ,, 
and the last was a genotype 4 variant, term ed genotype 4B, 
which harbored two single nucleotide base substitutions com ­
pared  with the C. dubliniensis genotype 4 ITS consensus se-

FIG . 2. D endrogram  genera ted  from  the  S^rS com puted  for every possible pairw ise com bination o f independent C. dubliniensis isolates fromj 
Saudi A rabia  and Egypt (n =  30), Israel (« =  5), and 13 o th e r  countries (n = 51) from  the study of G ee et al. (18) fingerprin ted  with Cd25. A t 
an node of 0.05 (short dashed vertical line), the isolates are divided in to  th ree  m ain populations, the first and second o f which correspond to 
the m ajor clades Cd25 group I and  Cd25 group II described previously (18, 22). T he third m ain population  (Cd25 group III) corresponds to a th ird  
m ajor clade identified in this study and contains 20/30 of the Saudi A rabian  and Egyptian isolates investigated. T he Cd25 group I m ajor clade i 
consists solely o f closely re la ted  genotype 1 isolates with an average value o f  0.63 ±  0.12. A t an node o f  0.13 (short dashed vertical line)y 
the  Cd25 group II m ajor clade can be divided into two m inor clades, the first o f  w hich consists solely o f genotype 2 isolates. T he second m inor d a d o  i 
consists o f genotype 3 isolates and the  genotype 4B variant isolate Is35. A t an node of 0.22 (short dashed vertical line), the Cd25 group III 
m ajor clade can also be divided into two m inor clades, the  first o f which consists solely o f genotype 3 isolates and the second solely o f g e n o ty p e ' 
4 isolates, including the genotype 4A variant isolate Eg207. W ithin the Cd25 g roup  III m ajor clade, all o f the isolates w ere from  Saudi A rabia o r ; 
Egypt and w ere resistant to 5FC  (M IC ,,, a  128 p,g/ml), apart from  the Israeli isolate, p7718 (18), which was susceptible to 5FC  (M ICj,, £  0.125 
(jLg/ml). All o f  the o th e r Saudi A rabian , Egyptian, and  Israeli isolates investigated in this study and a selection o f 24 independen t isolates from  the 
study of G ee et al. (18) (10 Cd25 group I isolates and 14 Cd25 group II isolates) were susceptible to  5FC  (M IC,(, s  0.125 (J.g/ml). The Saudi 
A rabian , Egyptian, and Israeli isolates investigated in this study are highlighted in boldface. T he Cd25 groups (a) and the ITS genotypes (b) o f the 
isolates are  shown to the right o f  the dendrogram .
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FIG. 3. M odel generated using the D E N D R O N  software package showing band positions and intensities o f Cd25-generated hybridization 
fingerprint patterns o f EcoRI-digested genom ic D N A  of C. dubliniensis isolates belonging to the major clades Cd25 group I, Cd25 group II, and 
the novel 5FC-resistant Saudi Arabian and Egyptian clade Cd25 group III identified in this study. M olecular sizes in kilobases are shown on the 
left. The C. dubliniensis isolates from which the corresponding patterns in the lanes were obtained are as follows (genotypes are shown in 
parentheses): lane 1, CM6 (1); lane 2, CD518 (1); lane 3, SA102 (1); lane 4, Eg204 (1); lane 5, Can9 (2); lane 6, CD514 (2); lane 7, Is49 (2); lane 
8, p6265 (3); lane 9, SA103 (3); lane 10, SA121 (4); lane 11, SA119 (3); lane 12, Eg201 (4).

quence. In contrast, 4/8 (50%) of the Egyptian isolates and 
6/22 (27.2%) of the Saudi Arabian isolates belonged to geno­
type 1 (Table 1). None of the Egyptian or Saudi Arabian 
isolates belonged to genotype 2. Interestingly, the majority 
(13/22; 59%) of the Saudi Arabian isolates belonged to geno­
type 3, with the remainder (3/22; 13.6%) belonging to genotype 
4 (Table 1). None of the Egyptian isolates belonged to geno­
type 3, and three out of eight (37.5%) belonged to genotype 4. 
The remaining Egyptian isolate was found to be a genotype 4 
variant, termed 4A, which harbored a single nucleotide base 
substitution compared with the C. dubliniensis genotype 4 ITS 
consensus sequence. These findings dem onstrated that the 
prevalence and distribution of C. dubliniensis genotypes among 
the isolates from Saudi Arabia and Egypt compared to those of 
Israeli isolates are significantly different, at least among the 
subject cohorts from whom the isolates were recovered. Inter­
estingly, of the 30 combined Saudi Arabian and Egyptian C. 
dubliniensis isolates included in the study, 20/30 (66.6%) be­
longed to genotypes 3 and 4 and none were of genotype 2. In 
contrast, in the previous study by Gee et al. (18), only 6/94 
(6.4%) independent C. dubliniensis isolates from 15 different 
countries were identified as belonging to genotypes 3 and 4. 
These results indicated that the C  dubliniensis population 
present in Saudi Arabia and Egypt is quite different from the 
corresponding populations present in other countries around 
the world.

In order to further investigate the population structure of C. 
dubliniensis isolates from the Middle East, all 30 Saudi Arabian 
and Egyptian C. dubliniensis isolates and 5 selected Israeli

isolates (two of genotype 1, one of genotype 2, one of genotype 
3, and the genotype 4B variant) were subjected to DNA fin­
gerprint analysis with the C. d u b l i n i e n s i s fingerprinting 
probe Cd25. Computer-assisted analysis of the fingerprint pat­
terns obtained from the combined Saudi Arabian and Egyptian 
isolate collection revealed that the isolates separated at a deep- 
rooted node of 0.05 into two distinct main populations 
(Fig. 1 and 2). The first main population consisted solely of 
genotype 1 isolates that were closely related and had an aver- 
age value of 0.86. (Fig. 1). The second main population 
was much more diverse, with an average value of 0.35, and 
could be separated at an 5^6 node of 0.22 into two equally 
diverse subpopulations, one of which consisted solely of geno­
type 3 isolates and the other consisting solely of genotype 4 
isolates (Fig. 1). In order to investigate the relationships be­
tween the two main populations identified among this isolate 
collection and the Cd25 group I and Cd25 group II clades 
identified in previous studies by Joly et al. (22) and Gee et al. 
(18), a mixed dendrogram was generated from the Cd25-gen- 
erated fingerprint patterns of the 30 Saudi Arabian and Egyp­
tian isolates and the corresponding patterns of 51 independent 
isolates from 13 different countries from the study of Gee et al. 
(18). The fingerprint profiles of the five Israeli isolates finger­
printed in the present study were also included. Examination 
of the mixed dendrogram revealed that the isolates separated 
clearly into three distinct major populations or clades, the first 
of which corresponded to Cd25 group I, the second to Cd25 
group II, and the third to a hitherto-undescribed major clade 
which we have termed CD25 group III (Fig. 2). In agreement
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with the findings of G ee et al. (18), all genotype I isolates were 
grouped within Cd25 group I, and ail genotype 2 isolates were 
grouped in a subclade within Cd25 group II (Fig. 2). The 
Israeli genotype 3 isolate Is36 and the genotype 4B variant 
isolate Is35 fingerprinted in this study grouped within a second 
subclade within Cd25 group II, in agreem ent with the findings 
of a previous study by G ee et al. (18). The Cd25 group III clade 
contained all o f the Saudi A rabian and Egyptian genotype 3 
and 4 isolates and the single genotype 4 isolate (p7718) from 
the study of G ee et al. (18) (Fig. 2). The Cd25 group III clade 
also contained two subclades at an node of 0.22, the first 
of which contained only Saudi A rabian isolates o f genotype 3, 
with the second containing both Saudi A rabian and Egyptian 
genotype 4 isolates. All o f these findings dem onstrated  that the 
population structure o f C. duhliniensis isolates in Saudi A rabia 
and Egypt is significantly different from that o f previously 
investigated populations from o ther countries around the 
world, possibly reflecting a m ore hom ogenous ethnic popula­
tion in Saudi A rabia and Egypt.

All 20 Saudi A rabian and Egyptian C. duhliniensis isolates 
form ing the Cd25 group III clade w ere found to be 5FC resis­
tant (M IC  123 ^g/m l). T^he majority o f C. cIul^lifiK^nsis clin­
ical isolates reported  to date are susceptible to  commonly used 
antifungal drugs, including azoles, polyenes, and 5FC (29, 32, 
33, 39). However, two recent studies reported  that 18/32 (56% ) 
and 2/7 (29% ) C. dubliniensis isolates tested from  Saudi A rabia 
(17) and Kuwait (1), respectively, were 5FC resistant (M IC  >  
32 (a.g/ml). O n the basis o f the results of the present study, it is 
interesting to speculate that the 5FC -resistant C. duhliniensis 
isolates described by F o tedar and Al H edaithy (17) and A h­
m ad et al. ( I ) may also belong to the CD25 group III clade. In 
support o f this suggestion, a recent study dem onstrated  that 
3FC resistance in C. alhicans is restricted to  a single genetic 
clade (38).

A recent study by Dodgson et al. (13) dem onstrated  that 
clade-specific 5FC resistance in C. alhicans is due to a single 
nucleotide change in the F U R l gene that results in the substi­
tu tion  of arginine by cysteine at am ino acid position 101 in the 
translated  protein. A nother recent study by Flope et ai. (20) 
reported  that a point m utation in the C. alhicans F C Y l gene 
resulting in a glycine-to-aspartate substitution at position 28 in 
the translated protein  may also be associated with 5FC resis­
tance in this species. In o rder to determ ine w hether m utations 
in the C. dubliniensis homologs of the FU RI and F C Y l genes 
w ere associated with 5FC resistance in Cd25 group HI clade 
isolates as reported  for C. albicans (13, 20), the CdFU RI and 
C dFC Yl O R Fs and flanking sequences w ere cloned and se­
quenced from 5FC -resistant and 5FC-susceptible C. dublinien­
sis isolates (Tables 1 and 2). No m utations w ere observed in the 
O R Fs that resulted in am ino acid changes in 5FC -resistant 
isolates, dem onstrating that m utations in these genes are not 
responsible for the 5FC -resistant phenotypes exhibited by 
these isolates (data  not shown). A dditional studies are re­
quired to elucidate the m echanism (s) of 5FC resistance in 
Cd25 group III C. dubliniensis.

The results o f the present study dem onstrate that C. duh­
liniensis isolates belonging to  the Cd25 group III clade appear 
to be restricted to Saudi A rabia and Egypt, and with the ex­
ception of isolate p7718 from Israel (18), all are 5FC resistant. 
Interestingly, an exam ination o f the records revealed that

p7718 was recovered from an A rab individual in Jerusalem  in 
1999. If our speculation that the 5FC -resistant isolates re­
ported  from Saudi A rabia and Kuwait ( I , 17) also belong to 
Cd25 group III is correct, this would suggest that Cd25 group 
III isolates may be predom inant in and/or possibly restricted to 
persons o f A rab dem ographic/ethnic groups. Associations be­
tween certain  Candida species and particular geographical re­
gions and racial groups have been reported  previously, A  re­
cent study (5) suggested that in South Africa, C. dubliniensis 
colonization is influenced m ore by race than by HIV infection 
status. However, no South Africa-specific clade was identified. 
A nother study (6) also identified a novel clade of C. albicans in 
black and white South Africans. Furtherm ore, a recent study 
(26) reported  that the genotype distribution of C. albicans 
isolates from A rab and Druze ethnic groups in Israel were 
significantly different from that o f global populations. Further 
studies to investigate the distribution of C. dubliniensis m ajor j 
clades and genotypes in healthy and diseased cohorts o f indi-| 
viduals in M iddle E astern  countries are in progress.

The identification of a novel clade of C. duhliniensis pre-j 
dom inant in Saudi A rabia and Egypt, and possibly in o theri 
Arab countries, fu rther extends our knowledge about the pop­
ulation structure of this yeast species. A dditional studies are; 
required to investigate how w idespread the Cd25 group III'  
clade is and w hether additional clades are present am ong spe-| 
cific racial groups; such studies may be facilitated by the ap-' 
plication of multilocus sequence typing analysis to C. dublini-' 
ensis epidem iological studies.
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Lbstract

C andida dubliniensis  is a pathogen ic yeast species that w as first identified as a d istinct taxon in 1995. E pidem iological studies have 
lo w n  that C. dubliniensis  is prevalent throughout the w orld  and that it is prim arily associated  with oral carriage and oropharyngeal 
ifections in hum an im m unodeficiency virus (H lV )-in fected  and acquired im m une deficiency syndrom e (A ID S ) patients. H ow ever, unlike 
\andida a lbicans, C. dublin iensis  is rarely found in the oral m icrofiora o f  norm al healthy individuals and is responsible for as few as 2% o f  
jises o f  candidem ia (com pared to approxim ately 65% for C. albicans). The vast m ajority o f  C. dubliniensis  isolates identified to date are 
iscep tib le to all o f  the com m on ly  used antifungal agents, how ever, reduced susceptib ility  to  azole  drugs has been observed in clinical 
[da tes and can be readily induced in vitro. T he primary m echanism  o f  fluconazole resistance in C  dubliniensis has been show n to be 
Verexpression o f  the m ajor facilitator efflux pum p M d rlp . It has a lso  been observed that a large num ber o f  C. dubliniensis strains express 
n on-functional truncated form  o f  C d rlp , and it has been dem onstrated that this protein  does not play a significant role in fluconazole  

isistance in the m ajority o f  strains exam ined to date. D ata  from a lim ited num ber o f  infection m odels reflect findings from  
pidem iological studies and suggest that C. dubliniensis is less pathogenic than C. albicans. The reasons for the reduced virulence o f  C. 
ib lin iensis  are not clear as it has been show n that the tw o species express a sim ilar range o f  virulence factors. H ow ever, a lthough C  
dbliniensis produces hyphae, it appears that the cond itions and dynam ics o f  induction  m ay differ from  those in C. albicans. In addition, 
'. dubliniensis is less tolerant o f  environm ental stresses such as elevated tem perature and N aC l and H 2 O 2 concentration , suggesting that 

albicans  m ay have a com petitive advantage when co lon isin g  and causing infection in the hum an body. It is our hypothesis that a 
:nom ic com parison  betw een these tw o closely-related species will help to identify virulence factors responsible for the far greater 
rulence o f  C. albicans and possib ly  identify factors that are specifically im plicated in either superficial or system ic candidal infections. 
2003 Federation  o f  European M icrobiological Societies. Published by Elsevier B .V , A ll rights reserved.

eywords: Candida dubliniensis: Candida albicans'. E pidem iology; V irulence; Resistance
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. Introduction

Fungi are important agents o f human disease. Amongst 
le most important fungal pathogens are yeast species 
elonging to the genus Candida. These species can cause 
wide range o f human diseases ranging from superficial 

lucosal infections, such as vulvovaginal (VVC) and oro- 
haryngeal candidosis (OPC), to life-threatening invasive 
ifections. In the majority o f cases OPC and systemic in­

* C orrespond ing  au tho r. T el.: +353 (I )  612 7275;
Jx: +353 (1) 6127295.
E-m ail address: dereksullivan@ dental.tcd .ie  (D .J. Sullivan).

fections occur only in individuals who are severely ill and/ 
or immunocompromised. In particular, oropharyngeal in­
fections are very commonly diagnosed in human immuno­
deficiency virus (HlV)-infected individuals and individuals 
with acquired immune deficiency syndrome (AIDS), while 
deep-seated systemic infections are frequently associated 
with patients with neutropenia, for example as a result 
o f antineoplastic therapy or immunosuppressive therapy 
associated with organ transplantation. The most common 
cause o f candidosis is the polymorphic species Candida 
albicans, which can grow as yeast cells, pseudohyphae 
and hyphae. It also produces chlamydospores which are 
refractile spore-like structures that are mainly produced at 
the termini of hyphae under specific environmental condi-

'6 7 -1 356 /03 /$22 .00  © 2003 F edera tion  o f E uropean  M icrobiological Societies. Published by Elsevier B.V. All rights reserved. 
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ons in v itro . However, o ther Candida species, including 
'andida glabrata and Candida parapsilosis, are currently 
so significant hum an pathogens. Indeed, it has been sug- 
ssted th a t the incidence o f  infections caused by non-C. 
Ibicans Candida species is increasing [1].
W hile perform ing an in-depth epidemiological analysis 

f  the Candida species associated with oral candidal infec- 
:ons in the Irish H IV -infected and A ID S population in 
le early 1990s, we identified an unusual group of isolates 
il]. These were originally identified as C. albicans because 
ley were germ tube- and chlam ydospore-positive (two 
•aits previously recognised as being specific for this spe- 
ies only), however, when they were fingerprinted using 
le C. aft/cam ’-specific D N A  fingerprinting probe 27A, 
le fingerprint patterns ob tained were observed to  be atyp- 
|:al and clearly distinct from  those o f known C. albicans 
;rains. Following a thorough  com parison o f the pheno- 
i/pes and genotypes o f  these atypical isolates and repre- 
fcntative strains o f C. albicans (and Candida stellatoidea), 

becam e increasingly clear tha t there were m any diiter- 
ices between these organism s. This was confirmed by 
erform ing a phylogenetic analysis com paring the nucleo- 
de sequences of the V3 variable region o f the large sub­
nit ribosom al R N A  gene from  the atypical isolates and 
fom C. albicans. The results o f this led us to suggest that 
le atypical organism s belonged to a novel taxon, which 
fe called Candida dubliniensis (after the city and Univer- 
ty o f D ublin) [2]. The phylogenetic relationship between

t dubliniensis and the rest o f the Candida genus has since 
cn established on the basis o f com parisons between the 
cleotide sequences o f  a wide range o f other genes, in- 
uding the small ribosom al R N A  gene [3], A C T ]  [4], 

W R l  [5], C D R l [6] and ERGS  [7].

Clinical significance o f  C. dubliniensis

I

In order to  determ ine the clinical im portance of C. dub- 
^iensis and to  determ ine its role in hum an disease it is 
tsential to  be able to  accurately identify the species in 
inical samples. However, due to the phenotypic similar- 
ies between C. dubliniensis and C. albicans this can be 
roblem atic. Since its identification, a large num ber of 
henotypic and genotypic tests have been developed with 
view to investigating the prevalence o f C. dubliniensis in 
le hum an population . M any o f these tests have been 
ascribed in detail in earlier reviews [8-10] and are sum- 
.arised in Table 1. Very few o f  these phenotype-based 
.entification tests are 100% accurate. However, it has 
icently been reported tha t all 128 C. dubliniensis isolates 
sted produced hyphal fringes when incubated at 30°C for 
^-72 h on Pal’s agar (a medium  containing bird seed 
;tract), whereas all o f the 124 C. albicans isolates tested 
“oduced sm ooth colonies when grown under the same 
ilture conditions (Fig. 1), thus indicating that this is a 
:ry accurate and reliable differentiation test [11], How ­

ever, the m ost definitive m ethods of identifying C  dublin­
iensis are based on differential amplification o f species- 
specific sequences using the polymerase chain reaction 
(PCR) and real-time PCR [4,12-16]. Ideally, in the clinical 
laboratory  m ore than one m ethod should be used to de­
finitively identify C. dubliniensis isolates.

C. dubliniensis was originally identified because D N A  
from  this species hybridised very poorly to C. albicans 
species-specific D N A  fingerprinting probes and had un ­
usual karyotype patterns, suggesting tha t the genomes of 
the two species have very distinctive differences [2]. This 
suggestion has since been confirmed by a study tha t iden­
tified C  dubliniensis-s'ptcific semi-repetitive sequences [17]. 
These sequences (i.e. C d l, Cd24 and Cd25), have been 
fully characterised and developed for use as D N A  finger­
printing probes in the analysis o f C. dubliniensis popula­
tions. The interesting finding from  this study and from  an 
extended follow-up study tha t com pared fingerprints and 
sequences derived from the ITS region of the rR N A  oper- 
on is tha t C. dubliniensis is com prised o f  four separate 
genotypes [18]. The significance o f these genotypes has 
yet to  be established. However, isolates belonging to  the 
predom inant clade (genotype 1) are prim arily associated 
with carriage and infection in HIV-infected individuals. It 
is also apparen t tha t the C. dubliniensis genome undergoes 
m icroevolutionary genom ic rearrangem ents at a far higher 
rate than tha t o f C. albicans [18]. In a thorough  investiga­
tion o f this phenom enon, Joly et al. [19] have determined 
tha t the C. dubliniensis genom e contains m ore than twice 
the num ber o f RPS sequences than tha t o f C. albicans, and 
tha t these could act as recom bination hotspots leading to 
non-hom ologous recom bination between chromosom es. 
This m ight explain the unusual karyotypes with small 
supernum ary chrom osom es th a t are typical o f C. dublin­
iensis. W hat effects this increased level o f m itotic recom bi­
nation  m ight have on C. dubliniensis is not known. It 
could have a beneficial effect by facilitating adaptation  
to  changing environm ents by m odulating phenotypic 
traits, such as drug resistance. However, it could also 
have a detrim ental effect by leading to a loss o f hetero­
zygosity.

The developm ent o f im proved m ethods for identifying 
C. dubliniensis during the past five years has resulted in a 
large volume o f  published d a ta  describing the epidem iol­
ogy o f this species. It has been identified in studies from 
every continent and has been found in a wide range of 
anatom ical sites and clinical samples [20-23], Interestingly, 
despite the phenotypic sim ilarities between C. dubliniensis 
and C. albicans, the form er appears to be only a m inor 
constituent o f the norm al oral and vaginal m icrobial f!ora. 
In a study on an Irish population  o f norm al healthy in­
dividuals only 3.5% o f individuals were found to  carry C. 
dubliniensis in the oral cavity while the prevalence o f this 
species in the vagina was found to  be even lower [24], C. 
dubliniensis is m ost com m only associated with O PC in 
HIV-infected and A ID S patients. In a study on oral can-
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able 1
om parison  o f specific pheno typ ic  tra its  o f  C. albicans and  C. dubliniensis

rait C. albicans C. dubliniensis Ref.

reduc tion  o f  germ  tubes ++ + 121
red u c tio n  o f  ch lam ydospores + ++ 121
rrowth a t 37°C “ + + + + 12]
trow th  a t 42°C “ + + - 121
irowth a t 45°C “ + - [59]
irow th  in b ro th  con ta in ing  6.5%  (W /V) N aC l + - [60]
rrow th  on xylose'’ + - [62]
irow th  on  lactate*’ + - [62]
iro w th  on  a-methyl-D-glucoside*’ + - [62]
Jrow th  on  trehalose '’ + + [62]
lolony co lou r on C H R O M ag ar C andida 
lolony m orphology  on  P a l’s agar

light blue/green dark  green [63]
sm ooth rough+ hyphal fringe [11]

Strains g row n on p o ta to  dextrose  agar.
Based on  d a ta  ob ta ined  using the  1D32C yeast identification system  (bioM erieux, France)

[idosis in our own laboratory , we have shown that in an 
rish cohort, 26% o f HIV-infected and 32% o f AIDS p a­
tents with sym ptom s o f O PC  harboured C. dubliniensis, 
vhile in patients w ithout sym ptom s o f O PC the levels were 
8 and 25%, respectively [24]. C. dubliniensis was usually 
ound in com bination with other yeast species, especially 
|7. albicans. However, in up to  10% o f cases it was the only 
Candida species detectable, indicating that C. dubliniensis 
/as very likely to be responsible for the sym ptom s of 
isease observed in these cases. C. dubliniensis carriage 
nd  infection were also particularly  prevalent in recurrent 
ases of infection, following prior treatm ent with azole 
ntifungal drugs, such as fluconazole. A high prevalence 
*f C. dubliniensis in the oral cavities o f HIV-infected and 
MDS patients has also been reported in studies from G er­
many [25] and the USA [26,27]. However, in a num ber of 
•ther studies, the levels o f C  dubliniensis found were sig- 
[ificantly lower [28,29]. The reasons for the disparity in 
he prevalence of C. dubliniensis in these studies are not 
lear. However, it is possible tha t the sam pling and iden- 
ification m ethods used, the geographical locale and the 
|ohort o f HIV-infected individuals examined (e.g. intra- 
enous drug user, hom osexual, etc.) could have contrib- 
ted to the differences in the epidemiological data. In ad- 
■ition, a relatively high prevalence o f C. dubliniensis has 
[Iso been observed in the oral cavities o f patients with 
.enture stom atitis [24], diabetes [30] and cystic fibrosis 
? 1].

C. dubliniensis has also been recovered from  blood sam- 
•les obtained from cases o f invasive disease, particularly  in 
■atients who were neutropenic following bone m arrow  or 
olid organ transp lan ta tion  [32-35]. However, despite the 
jg h  prevalence of C. dubliniensis in cases of O PC in HIV- 
afected individuals, this species is only rarely associated 
/ith  systemic infections. In two recent studies, C. dublin- 
^nsis accounted for approxim ately 2% of cases of candi- 
em ia in the U K  [36] and in the USA [34]; this is in stark 
on trast with C. albicans, which accounts for approxi- 
lately two thirds o f all cases o f candidem ia. It should

also be noted  that in m any cases C  dubliniensis isolates 
were recovered from  blood samples th a t also yielded bac­
terial species such as Staphylococcus aureus and Escheri­
chia coli, thus in these cases it is impossible to  attribute the 
sym ptom s o f disease to  C. dubliniensis alone. These epide­
miological data suggest tha t despite the phenotypic simi­
larities between the two species, C. albicans has a com pet­
itive advantage in colonising and infecting humans.

In sum m ary, C. dubliniensis is a rare constituent o f the 
hum an norm al m icrobial flora, and this is reflected in the 
low prevalence of C. dubliniensis in invasive infections. 
However, C. dubliniensis is a very significant contribu tor 
to  cases o f  O PC in HIV-infected and A ID S patients and is 
clearly pathogenic and present at high levels in these p a­
tients. The reasons for the puzzling disparity between the 
levels o f  C. dubliniensis in HIV- and non-HIV -infected 
individuals are not understood. One possible explanation 
is th a t the m ethods currently used for routinely isolating 
oral yeasts (e.g. swabs and rinsing) do not adequately 
sample all o f the m icroniches tha t C. dubliniensis might 
inhabit in the oral cavity (e.g. the gingivae). A nother pos­
sibility is tha t C. dubliniensis strains could be acquired 
from  exogenous sources following sufficient depletion of 
an individual’s T cell count as HIV  infection proceeds. 
A nother interesting question concerns whether C. dublin­
iensis has only recently emerged as a hum an pathogen or 
w hether it has always been associated with hum an colo­
nisation and infection. F rom  the published epidem iologi­
cal studies it is clear th a t the vast m ajority o f C. dublin­
iensis strains identified to  date have been found in 
collections from  HIV-infected patients dating from  the 
early 1990s onw ards, possibly correlating with the in tro­
duction  o f fluconazole for the treatm ent o f  oral candidosis 
in these patients. However, in several studies o f archival 
strain collections a small num ber o f C. dubliniensis strains 
have been identified th a t predate the emergence o f HIV 
[37,38], with one strain dating  as far back as the 1950s [9]. 
This suggests that C. dubliniensis has been associated with 
hum an colonisation (and possibly infection), albeit at a
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'ig. 1. Pho tog raph  o f  colonies o f  C  dubliniensis (A) and  C  albicans (B) 
row n on  Pal’s agar a t 30°C fo r 48-72 h. The C. dubliniensis colonies 
re rough and are su rrounded  by a hyphal fringe, w hereas the  C. albi- 
m s  colonies are sm ooth  and  have no  hyphal fringe.

3wer level than C. albicans, for a long time and has very 
kely been misidentified as C. albicans. However, the HIV 
andem ic and antifungal therapy appears to have led to  its 
election and ultim ately to  its identification as a novel 
pecies in 1995.

I. Antifungal drug resistance in C. dubliniensis

; As C. dubliniensis was initially isolated from  the oral 
avities o f HIV-infected patients with recurrent oral can-

didosis, m any o f whom had previously received azole an ti­
fungal drug therapy, it was originally suggested that the 
apparen t emergence o f C. dubliniensis during the early 
1990s may have been due to  positive selection as a result 
o f the in troduction  o f novel therapeutic strategies, in a 
m anner similar to  tha t suggested for the emergence o f C. 
glabrata. However, this hypothesis may not be correct as 
several studies have since shown tha t the great m ajority of 
C  dubliniensis isolates are inherently susceptible to  azole, 
polyene and echinocandin antifungals [37,39^2]. Despite 
this, it is w orth  noting th a t one study has reported tha t the 
geom etric m ean minimal inhibitory concentration (M IC) 
for fluconazole in a group of C. dubliniensis isolates was 
significantly higher than tha t o f a m atched cohort o f C. 
albicans isolates [37].

Resistance to fluconazole in C. dubliniensis was first de­
scribed by M oran  et al. in a group of isolates recovered 
from  HIV-infected and A ID S patients [40]. In addition, 
this study showed tha t fluconazole-resistant derivatives 
could be generated from  susceptible isolates following ex­
posure to  fluconazole in vitro, indicating tha t this species 
can rapidly develop resistance. Resistance to  fluconazole 
in clinical isolates o f C. dubliniensis has been reported by 
others, and as with C. albicans, resistance is prim arily 
associated w ith isolates recovered from  HIV-infected p a ­
tients [39,42,43]. Exposure o f C. dubliniensis isolates to 
fluconazole in vitro not only results in the selection of 
derivatives w ith reduced susceptibility, but also increases 
the adherence of C. dubliniensis to epithelial cells and re­
sults in increased levels o f proteinase secretion [44]. Thus, 
it is possible that fluconazole therapy could provide a se­
lective pressure tha t favours the growth o f C. dubliniensis 
over C. albicans under some conditions in the oral cavity. 
In one longitudinal study, M artinez et al. [39] described 
the replacem ent o f  C. albicans with C. dubliniensis in HIV- 
infected patients receiving fluconazole therapy. All 42 p a­
tients included in the study harboured  C. albicans a t the 
outset, 12 o f  whom went on to  develop infections with 
fluconazole-resistant C. albicans. However, by the end of 
the study, in another eight patients C. albicans was re­
placed by C. dubliniensis in the oral cavity. Surprisingly, 
in only two o f these eight cases were the C. dubliniensis 
isolates resistant to  fluconazole in vitro. These results sug­
gest tha t factors in addition to  antifungal drug resistance 
m ight play a role in the positive selection o f C. dubliniensis 
in the oral cavities o f HIV-infected individuals. Clearly, 
the efl'ects o f  fluconazole on oral Candida population dy­
namics are com plex and further epidemiological analysis 
and in vitro  studies on the potential virulence-m odulating 
effects o f fluconazole are required before definitive conclu­
sions can be reached.

The m olecular mechanisms of azole resistance in C. 
dubliniensis have been investigated in a num ber o f studies 
[5,6,40,42,43]. Hom ologues of the genes encoding C. albi­
cans drug efflux pumps, C D R l and M D R l,  have been 
described in C. dubliniensis (termed C dC D RI and
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'd M D R I, respectively) and have been im plicated in the 
evelopm ent o f  resistance to  azole drugs. M oran et al. [5] 
nalysed the resistance m echanism s in a group of flucona- 
ole-resistant isolates o f  C. duhliniensis and in vitro gen­
rated  fluconazole-resistant derivatives and found th a t in 
ach case, fluconazole resistance was associated w ith up- 
egulation  o f C d M D R l. Similarly, Perea et al. [42] de- 
jcribed increased C d M D R l expression in fluconazole-re- 
is tan t clinical isolates o f  C. duhliniensis recovered from 
wo separate A ID S patients. The im portance o f C dM D R l 
n the developm ent o f  fluconazole resistance in clinical 
solates o f C. duhliniensis was confirmed by gene deletion 
tudies in the fluconazole-resistant strain CM 2, which was 
endered fluconazole-susceptible following deletion of 
loth alleles o f C dM D R l [45].

[n con trast to C. duhliniensis, where C dM D R l is the 
irinciple fluconazole efflux mechanism  identified so far, 
n m ost isolates o f C. alhicans increased expression of 
^aC D R I is m ore com m only identified as the main medi- 
to r o f  fluconazole resistance. Unlike the fluconazole-spe- 
lific M drl pum ps, C d rl pum ps can transport a broad 
ange o f azole drugs, including ketoconazole and itraco­
nazole. Cross-resistance to  these azoles is relatively rare in 
luconazole-resistant C. duhliniensis isolates, and this may 
eflect the high prevalence o f  M Z ) -m e d ia te d  drug resis- 
ance in C. duhliniensis. The reason(s) for the apparent 
educed contribution  o f C dC D RI overexpression to fluco­
nazole resistance in C. duhliniensis is not clear. However, 
4 o ran  et al. [6] recently provided a likely explanation for 
jhe lack of C dC D RI expression seen in m any fluconazole- 
esistant isolates. A pproxim ately 58% o f genotype 1 C. 
^uhliniensis isolates (genotype 1 is the predom inant geno- 
^pe recovered from H IV -infected patients) were found to 
arbou r a nonsense m utation  in the C dC D RI gene, result- 

ng in the translation  o f a truncated, non-functional p ro ­
bin. But fluconazole-resistant isolates with functional 
^dC D RI alleles m ay still exhibit increased CdC D RI 
tiR N A  expression in conjunction  w ith C dM D R l. Dele- 
ion o f bo th  C dC D RI copies in an isolate coexpressing 
loth pum ps resulted in increased susceptibility to  ketoco- 
lazole and itraconazole. However, no efl'ect on flucona- 
ole M IC  was observed. This was m ost likely due to  the 
jg h  levels o f C dM D R l still expressed in this m utan t [6].

Point m utations in the E R G II  gene which result in spe- 
ific am ino acid substitutions in the enzyme 14a-lanosterol 
.emethylase have also been shown to be im portan t in the 
evelopm ent o f fluconazole resistance in C. alhicans. To 
ate, only one study, by Perea et al. [42], has described 
lu ta tions in the C. duhliniensis C d E R G Il gene associated 
/ith fluconazole resistance. Two o f the m utations de- 
oribed are identical to  m utations previously shown to 
e involved in fluconazole resistance in C. alhicans, namely 
3307A and G464S. It has yet to  be experim entally verified 
whether the rem aining C d E R G Il m utations described af- 
:ct fluconazole susceptibility. These m utations occurred 
1 isolates which also exhibited increased drug efllux

pum p expression, indicating th a t fluconazole resistance 
in C. duhliniensis, as in C. alhicans, is m ultifactorial.

Resistance to itraconazole has not yet been described in 
clinical isolates o f  C. duhliniensis, but itraconazole-resis- 
tan t derivatives (that are also cross-resistant to  other 
azoles) can be generated in v itro  following serial subcul­
ture o f  susceptible isolates on agar m edium  containing 
increasing concentrations o f d rug [7]. Itraconazole-resis- 
tan t derivatives were found to have altered m em brane per­
m eabilities com pared to  susceptible isolates. Analysis of 
their m em brane sterol contents revealed profiles lacking 
ergosterol which is consistent w ith a m utation  in the sterol 
C 5,6-desaturase enzyme encoded by CdERGS. A lthough 
increased expression o f  C dC D RI and C d E R G Il was also 
noted in these derivatives, loss-of-function m utations in 
CdERGS  were found to  be responsible for the high levels 
o f  azole cross-resistance observed. M utations in the ERGS 
gene have also been associated with azole resistance in C. 
alhicans [46], however, the contribu tion  o f this resistance 
m echanism  to azole drug resistance in Candida species has 
not been fully investigated.

In sum m ary, as in C  albicans, the m ajority o f C. dublin- 
iensis isolates are susceptible to  a wide range o f  antifungal 
agents, thus it seems unlikely tha t the emergence o f C. 
duhliniensis in HIV-infected patients has been due to selec­
tion by antifungal therapy. W hen resistance does emerge 
the m olecular mechanisms are broadly sim ilar in the two 
species. However, there appear to  be diff"erences in the 
relative roles of the efflux proteins C d r lp  and M d rlp , 
p robably  due to  the fact tha t in a large num ber of C. 
duhliniensis isolates the C dC D RI gene is defective.

4. Virulence of C. duhliniensis

The epidemiological data  on the prevalence o f  C. duhlin­
iensis described above clearly show that this species is only 
relatively rarely encountered in the norm al oral flora of 
im m unocom petent individuals, but is apparently  enriched 
selectively in the oral cavities o f  im m unocom prom ised p a­
tients, particularly  HIV-infected and A ID S patients who 
have received antifungal therapy with fluconazole. It is 
also clear th a t while C. duhliniensis may in some cases 
cause systemic infections, it does so far less frequently 
than  C. alhicans. Confirm ation o f  this apparen t reduced 
virulence o f C. duhliniensis has been obtained in com par­
ative studies using a m ouse model o f systemic infection 
[3,47]. Therefore, despite the significant phenotypic and 
genotypic similarities shared between C. alhicans and C. 
duhliniensis, current evidence from  epidemiological and 
virulence studies indicates th a t C. albicans is better 
adap ted  to  colonise and cause disease in vivo. This begs 
the question, w hat diff'erences are there between the two 
species th a t render C. albicans m ore pathogenic?

Candida infections involve a very com plex interaction 
between a wide range o f host factors and yeast virulence



74 D.J. Sullivan et a U F E M S  Yeast Research 4 (2004) 369-376

eterm in a n ts that m a y  be diflferentially expressed  depend - 
ng on  th e  p reva ilin g  en v iro n m en ta l co n d itio n s . T h e  iden-  
ifica tion  a n d  d e term in a tio n  o f  the co n tr ib u tio n  o f  specific  
iru len ce  fa c to rs to  v a r io u s C. alb ican s  in fectio n s is cur- 
en tly  a to p ic  o f  m ajor  interest to  m edica l m y co lo g ists .  
)n e  o f  the m o st im p o rta n t viru lence factors o f  C. albicans  
5 its a b ility  to  adhere to  certain hu m an  tissues. H ow ever , 
;iven the range o f  h o st tissu es w h ich  C andida  sp ecies can  
bolonise a n d  in fect th is  su ggests that these  organ ism s p os-  
ess a large nu m b er o f  su rface a d h esin s, very few  o f  w h ich  
lave  a c tu a lly  been  characterised . T here have been several 
tu d ie s  to  d a te  w h ich  h ave co m p ared  the adh erence o f  C. 
ilb icans  and  C. dublin ien sis  to  a  range o f  hu m an  cells, 
io w e v e r , it is d ifficu lt to  m ea n in g fu lly  co m p are  the results 
)f th ese  stu d ies  as d ifferent cells and  cu lture c o n d itio n s  
vere used  in each  case . D e p e n d in g  o n  th e  c o n d itio n s  
jised, C. dublin ien sis  w a s so m etim es fou n d  to  be m ore  
idh eren t th an  C. alb ican s  [3 ,48 ,49], w h ile  usin g  different 
jissay c o n d it io n s  the o p p o site  w as a lso  fou n d  [3,44], In ter­
estingly, in o n e  stu d y , in c lu sion  o f  f lu co n a zo le  in the assay  
n ed iu m  led  to  an increase in adh erence o f  C. dublin iensis  
o  V ero cells , su g g estin g  that this m ight co n tr ib u te  to  the

tigh p reva len ce  o f  C. dublin iensis  in H IV -in fec ted  and  
■ ID S  p a tien ts  receiv ing  flu co n a zo le  therapy [44]. It has 

dso  been sh o w n  that C. dublin iensis, un lik e C. albicans, 
s h y d ro p h o b ic  at 37°C  and  that C. dublin iensis  expresses  
freatly reduced  levels o f  ac id -lab ile  m an n an s in cell sur- 
^ce A^-glycans [49,50], C ell su rface h y d ro p h o b ic ity  has 
)rev iously  b een  a sso c ia ted  w ith  en h an ced  adh erence  and  
esista n ce  to  p h a g o cy to s is  [51], h ow ever, this h y d ro p h o b ic -  
Ity d o es  n o t app ear to  con fer  resistance to  p h a g o cy to s is  on  
t. dublin ien sis  [52]. T h e  on ly  stu dy  that in v estig a ted  the  
Adherence o f  C. dublin iensis  to  a sp ec ific  h o st prote in  com -  
lared the ad h eren ce  o f  a range o f  C andida  sp ecies to  m u- 
in , to  w h ich  C. dublin iensis  w as fou n d  to  adhere as 
Ir o n g ly  as C. alb ican s  [53], A  gene fam ily  en c o d in g  pro- 
gins h o m o lo g o u s  to  the A L S  fam ily  o f  surface ad h esio n  
'ly co p ro te in s in C. alb ican s  has a lso  been  identified  in C. 
hiblin iensis, bu t it appears that th ese  genes are regulated  
lifferently  in the tw o  sp ecies [54].

A n o th er  trait o f  C. alb icans  that has been p ro p o sed  as 
.n im p o rta n t v iru lence factor is its ab ility  to  grow  either in 
'east or  in h yp h a l form  (i.e . d im orp h ism ). C. dublin iensis  
5 the o n ly  C andida  sp ecies other than  C. a lb ican s  ab le  to  
irod uce germ  tub es and  true hyphae. H o w ev er , the dy- 
lam ics o f  p ro d u ctio n  o f  hyphae in both  sp ecies differ de- 
len d in g  o n  the cu lture c o n d itio n s  u sed ; in m o st cases in- 
lu ction  o f  h yp h ae  is m ore efficient in C. a lb ican s  (e .g . in 
he presence o f  A ^-acetyl-D-glucosam ine [3]), but con -  
■ersely, un der certain  c ircu m stan ces C. dublin iensis  p rodu -  
es h y p h ae , w h ile  C. alb icans  d o es n ot (e .g . o n  P a l’s agar  
11]) (F ig . 1). T here a lso  appears to  be a d isp arity  in the  
iro d u ction  o f  h y p h a e  in v iv o , as h isto p a th o lo g ica l analy-  
js o f  in fected  k id n eys in a system ic m o u se  in fectio n  m od el 
h ow ed  that the C. dublin iensis  cells w ere p red o m in a n tly  in 
[le yeast p h a se , w h ile  the C. alb ican s  strains p rod u ced  far

higher levels o f  hyp hae an d  p seu d o h y p h a e  [47], T h ese  data  
su ggest that there are c learly  differences in the regu lation  
and d y n a m ics o f  in d u ctio n  o f  hyp hae in the tw o  species. 
P h en o ty p ic  sw itch in g  is an o th er  im p ortan t C. alb ican s  v ir­
u lence factor, how ever, it has been  reported  that C. dublin­
iensis  can  u n d erg o  p h en o ty p ic  sw itch in g  m ore frequently  
than  C. alb ican s  [55]. T he p ro d u ctio n  o f  a range o f  extra­
cellu lar  h y d ro lases, su ch  as the secretory asp arty l p rotein - 
ases (Saps), has been  im p lica ted  in the p a th o g en ic ity  o f  C. 
albicans. Sou thern  h y b rid isa tion  an a lysis has sh o w n  that  
C. dublin iensis  en co d es  a  sim ilar  range o f  genes as the C. 
a lb icans S A P  fam ily . H o w ev er , p h en o ty p ic  stu d ies d e­
signed  to  d eterm in e  th e  leve ls o f  p ro te in ase  prod u ced  by  
C. dublin iensis  have y ie ld ed  con tra d icto ry  results [44,48, 
55]. In terestin g ly , an a lysis o f  p h o sp h o lip a se  p ro d u ctio n  
in the tw o  sp ecies su ggests that C. dublin iensis  m ay  p ro ­
duce low er leve ls than  C. alb ican s  [55,56],

W hile C, dublin iensis  grow s w ell in v itro  at 37°C  and  
prod u ces b io film  under sp ecific  co n d itio n s  [57], it has been  
reported  that its grow th  rate is less than  that o f  C  albicans  
[47,58], and that in m ixed  cu ltures, C. albicans  o u t-g ro w s  
C, dublin iensis  [58], T h is su ggests that C, alb ican s  has a 
co m p etitiv e  grow th  a d v a n ta g e  under the co n d itio n s  tested . 
T h e different grow th  ch aracteristics o f  the tw o  sp ecies are 
even  m ore p ro n o u n ced  under co n d itio n s  o f  env iron m en ta l  
stress and  it has been sh o w n  that C. dublin iensis  is sign ifi­
can tly  less to lera n t o f  e lev a ted  tem perature (e.g . > 4 2 “C  
[59]), o sm o tic  pressure (e.g . 6.5%  (w /v) N a C l [60]) and  
ox id a tiv e  stress (e .g . 10 m M  H 2 O 2 [47]).

T he co m p a ra tiv e  v iru lence  o f  C. dublin iensis  and  C  a l­
b icans  is c learly  a very c o m p lex  to p ic . W hile so m e differ­
ences in v iru lence factors have been identified  there are 
a lso  n u m erou s co n tra d icto ry  data . A  full u n derstand in g  
o f  the reasons for the greater ca p acity  o f  C. alb icans  to  
cause  in fectio n  w ill require a concerted  effort to  com pare  
th e  gen om es an d  p h en o ty p es  o f  the tw o  sp ecies. In partic­
ular, there is an urgent n eed  to  com p are  the effects o f  a 
greater nu m ber o f  strains b e lo n g in g  to  each  o f  the tw o  
species in a w ider range o f  an im al m o d e ls  o f  in fection . 
T h e results o f  th ese  stu d ies sh ou ld  p rovide va lu ab le  in for­
m a tio n  co n cern in g  the m olecu lar  m ech an ism s o f  h o w  C an­
d ida  species ca u se  d isease,

5. Conclusions

C. dublin iensis  is n o w  firm ly recogn ised  as a  sign ificant 
hum an p a th o g en . S ince the in tro d u ctio n  o f  h igh ly  active  
anti-retrovira l therapy (H A A R T ) the inc id en ce  o f  oral 
can d id o sis  in  H IV -in fec ted  and  A ID S  patien ts has d e­
creased  d ram atica lly  [61]. C on seq u en tly , the incid en ce o f  
C, dublin iensis  in O P C  has decreased  since it first em erged  
in the early 1990s, H o w ev er , the prevalence o f  th is species  
sh o u ld  co n tin u e  to  be m o n ito red  in case  o f  ch an ges in the  
e p id em io lo g y  o f  A ID S  (e ,g , due to  em ergin g  resistance to  
H A A R T  or to  lack o f  com p lia n ce) and  d u e to  the intro-
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luction o f  novel antifungal agents such as new azole de- 
ivatives and the echinocandins. In addition, comparative 
{enomic analyses using microarrays and genome sequence 
lata will aid the identification o f genetic differences be- 
ween the two species and contribute to the elucidation 
)f the reasons for the differences in the capacity o f these 
ipecies to colonise and infect humans, thus improving our 
inderstanding of candidal pathogenicity.

Acknowledgements

Research in the authors laboratory has been supported 
Dy the Irish Health Research Board grants RP04/97, 
IIP04/99 and RP08/2000 and by the Dublin Dental School 
ind Hospital.

References

[1] K rcm ery , V. and  B arnes, A .J. (2002) i^on-aibicans Candida  spp. caus­
ing fungaem ia pa thogen icity  and  antifungal resistance. J. H osp. In ­
fect. 50, 243-260.

[2] Sullivan, D .J ., W esterneng, T .J., H aynes, K .A ., Bennett, D .E . and 
C olem an, D .C . (1995) Candida dubUniensis sp. nov.: phenotypic  and 
m o lecu lar charac te riza tion  o f a  novel species associated with oral 
cand idosis in H IV -infected individuals. M icrobio logy 141, 1507-1521.

[3] G ilfillan, G .D ., Sullivan, D .J., H aynes, K., Park inson , T ., C olem an, 
D .C . an d  G ow , N .A .R . (1998) Candida dubliniensis: phylogeny and 
pu ta tive  virulence factors. M icrobiology 144, 829-838.

'[4] D onnelly , S.A., Sullivan, D .J., Shanley, D.B, and  C olem an, D.C.
(1999) Phylogenetic analysis and  rapid  identification o f Candida dub- 

\ Uniensis based on analysis o f A C T I  in tron  and  exon sequences. M i­
crobiology 145, 1871-1882.

[5] M oran , G .P ., S ang lard , D ., D onnelly , S .M ., Shanley, D .B ., Sullivan, 
D .J. and  C olem an, D .C . (1998) Identification and expression o f  m ul­
tid rug  tran sp o rte rs  responsib le for fluconazole resistance in Candida 
dubliniensis. A ntim icrob. A gents C hem other. 42, 1819-1830.

I [6] M oran , G ., Sullivan, D ., M orrschhauser, J. and  C olem an, D. (2002)
I T he  Candida dubliniensis C dC D R I gene is not essential for flucona- 
! zole resistance. A ntim icrob . A gents C hem other. 46, 2829-2941.
[7] Pinjon, E., M oran , G .P ., Jackson , C .J.. Kelly, S.L., S anglard , D., 

C olem an, D .C . and  Sullivan, D .J. (2003) M olecular m echanism s o f 
itraconazo le  resistance in Candida dubliniensis. A ntim icrob. Agents 
C hem other. 47, 2424-2437.

[8] Sullivan, D. and  C olem an , D . (1997) Candida dubliniensis: an  em erg­
ing opportun istic  pathogen . C urr. T op . M ed. M ycol. 8, 15-25.

[9] Sullivan, D. and  C olem an , D. (1998) Candida dubliniensis: ch arac te r­
istics and  identification. J. Clin. M icrobiol. 36, 329-334.

10] Sullivan, D .J., M oran , G ., D onnelly , S., Gee, S., P injon, E., M cC ar- 
lo n , B., Shaniey, D .B . and  C olem an , D .C . (1999) Candida dublin­
iensis: an  update. Rev. Iberoam . M icol. 16, 72-76.

11] A l-M osaid , A., Sullivan, D .J. and  C olem an, D .C . (2003) D ifferentia­
tion  o f Candida dubliniensis from  Candida albicans on P a l’s Agar. 
J. C hn. M icrobiol. 41, 4787-4789.

12] P ark , S., W ong, M ., M arras, S.A., C ross, E.W ., K iehn, T .E ., C ha- 
turvedi, V., Tyagi, S. and  Perlin, D .S. (2000) R apid  identification o f 
Candida dubliniensis using a species-specific m olecular beacon. J. Clin. 
M icrobiol. 38, 2829-2836.

13] Selvarangan, R ., Lim aye, A .P. and  C ookson , B.T. (2002) R ap id  iden­
tification and differentiation  o f  Candida albicans and  Candida dublin­
iensis by capillary-based  am plification  and  fluorescent p robe hyb rid ­
ization. J. Clin. M icrobiol. 40, 4308-4312.

14] T am u ra , M .. W atanabe , K ., Im ai, T ., M ikam i, Y. and  N ishim ura, K.

(2000) New PC R  prim er pairs specific for Candida dubliniensis and 
detection o f the fungi from  the Candida albicans clinical isolates in 
Japan . Clin. Lab. 46, 3 3 ^ 0 .

[15] K urzai, O ., H einz, W .J., Sullivan, D .J., C olem an, D  C., Frosch, M. 
and M uhlschlegel, F.A . (1999) R apid  PC R  test fo r d iscrim inating  
between Candida albicans and  Candida dubliniensis isolates using 
prim ers derived from  the pH -regu lated  P H R I  and  P H R 2  genes o f 
C. albicans. J. Clin. M icrobiol. 37, 1587-1590.

[16] Elie, C .M ., L o tt, T .J., Reiss, E. and M orrison , C .J. (1998) R apid 
identification o f Candida species w ith species-specific D N A  probes. 
J. Clin. M icrobiol. 36, 3260-3265.

[17] Joly, S., Pujol, C., Rysz, M ., V argas, K. and  Soli, D .R . (1999) D evel­
opm ent and  charac te riza tion  o f com plex D N A  fingerprinting probes 
for the infectious yeast Candida dubliniensis. J. Clin. M icrobiol. 37, 
1035-1044.

[18] Gee, S .F ., Joly, S., Soil, D .R ., M eis, J .F ., Verweij, P.E., Polacheck, 
I., Sullivan, D .J. and C olem an , D .C . (2002) Identification o f four 
distinct genotypes o f Candida dubliniensis and detection o f m icroevo­
lu tion in vitro  and  in vivo. J. Clin. M icrobiol. 40, 556-574.

[19] Joly, S., Pujol, C . and  Soil, D .R . (2002) M icroevolu lionary  changes 
and chrom osom al translocations are m ore frequent a t R PS loci in 
Candida dubliniensis than  in Candida albicans. Infect. G enet. Evol. 2, 
19-37.

[20] Polacheck, I., S trahilevitz, J., Sullivan, D ., D onnelly, S., Salkin, I.F . 
and C olem an, D .C . (2000) Recovery o f  Candida dubliniensis from  
non-hum an im m unodeficiency virus-infected patien ts in Israel. 
J. Clin. M icrobiol. 38, 170-174.

[21] Sullivan, D ., H aynes, K ., Bille, J., Boerlin, P., R odero , L., Lloyd, S., 
H enm an, M. an d  C olem an, D. (1997) W idespread geographic d istri­
bution  o f oral Candida dubliniensis strains in hum an im m unodefi­
ciency virus-infected individuals. J. Clin. M icrobiol. 35, 960-964.

[22] Kam ei, K., M cC ullough, M .J. and  Stevens, D .A . (2000) Initial case 
o f Candida dubliniensis infection from  A sia: non-m ucosal infection. 
M ed. M ycol. 38, 81-83.

[23] Fisher, J .M ., Basson, N .J. and  van Zyl, A. (2001) Identification o f 
Candida dubliniensis in a H IV -positive S outh  A frican p opu la tion . S. 
Afr. D ent. J. 56, 599-601.

[24] P onton, J., R uchel, R ., C lem ons, K .V., C olem an, D .C ., G rillo t, R ., 
G uarro , J., A ldebert, D ., A m broise-T hom as, P., C ano, J., C arrillo- 
M unoz, A .J., G ene, J., Pinel, C ., Stevens, D .A . and Sullivan, D .J.
(2000) Em erging pathogens. M ed. M ycol. 38 (Suppl. 1), 225-236.

[25] T in telnot, K., H aase, G ., Seibold, M ., Bergm ann, F., S taem m ler, M ., 
Franz, T. and  N au m an n , D. (2000) E valuation  o f phenotypic 
m arkers for selection and  identification o f Candida dubliniensis. 
J. Clin. M icrobiol. 38, 1599-1608.

[26] Lasker, B.A., Elie, C .M ., L o tt, T .J., Espinel-IngroflT, A ., G allagher,
L., K uykendall, R .J ., K ellum , M .E ., P ru itt, W .R ., W arnock , D .W ., 
R im land, D ., M cN eil, M .M . and  Reiss, E. (2001) M olecular epidem i­
ology o f  Candida albicans s tra ins isolated from  the o ropharynx  o f 
H IV -positive patients a t successive clinic visits. M ed. M ycol. 39, 
341-352.

[27] M eiller, T .F ., Jab ra-R izk , M .A ., Baqui, A ., Kelley, J.I., M eeks, V .I., 
M erz, W .G . and  Falk ler, W .A . (1999) O ral Candida dubliniensis as a 
clinically im p o rtan t species in H IV -seropositive patients in the U nited 
States. O ral Surg. O ral M ed. O ral Pathol. O ral Radiol. E ndod. 88, 
573-580.

[28] Vargas, K .G . and  Joly, S. (2002) C arriage frequency, intensity  o f
carriage, and stra ins o f  oral yeast species vary in the progression to
oral candidiasis in hum an  im m unodeficiency virus-positive indiv idu­
als. J. Clin. M icrobiol. 40, 341-350.

[29] Blignaut, E., Pujol, C., Joly, S. and  Soil, D .R . (2003) R acial d istri­
bu tion  o f Candida dubliniensis co lon ization  am ong S outh  Africans. 
J. Clin. M icrobiol. 41, 1838-1842.

[30] Willis, A .M ., C oulter, W .A ., Sullivan, D .J., Colem an, D .C ., Hayes, 
J .R ., Bell, P.M . and  Lam ey, P.J. (2000) Isolation o f C  dubliniensis 
from  insulin-using diabetes m ellitus patien ts. J. O ral Pathol. M ed. 29, 
86-90.



6 D.J. Sullivan et al. IF E M S  Yeas! Research 4 (2004) 369-376

1] P e llroche-L lacsahuanga , H ., D ohm en, H . and  H aase, G . (2002) R e­
covery o f  Candida duhliniensis from  spu tum  o f  cystic fibrosis patients. 
M ycoses 45, 15-18.

2] G o ttlieb , G .S ., Lim aye, A .P ., C hen, Y .C . and  V an V oorhis, W .C. 
(2001) Candida duhliniensis fungem ia in a solid o rgan  transp lan t p a ­
tien t: case repo rt and  review o f the literature. M ed. M ycol. 39, 483 - 
485.

3] M eis, J .F ., R uhnke, M ., De Pauw , B .E., O dds, F .C ., Siegert, W. and 
Verweij, P.E. (1999) Candida duhliniensis candidem ia in pa tien ts  with 
chem otherapy-induced  neu tropen ia  and  bone m arrow  tran sp lan ta ­
tion. Em erg. Infect. Dis. 5, 150-153.

4] Sebti, A ., K iehn, T .E ., Perlin, D ., C haturved i, V., W ong, M ., D oney, 
A ., P ark , S. and Sepkow itz, K .A . (2001) Candida duhliniensis a t a 
cancer center. Clin. Infect. Dis. 32, 1034-1038.

5] B rand t, M .E ., H arrison , L .H ., Pass, M ., Sofair, A .N ., Huie, S., Li, 
R .K ., M orrison , C .J ., W arnock , D .W . and  H ajjeh, R .A . (2000) Can­
dida duhliniensis fungem ia: the first four cases in N o rth  Am erica. 
Em erg. Infect. Dis. 6, 46-49.

5] K ibbler, C .C ., A inscough, S., B arnes, R .A ., G ransden , W .R ., H olli­
m an , R .E ., Johnson , E .M ., Perry, J .D ., Sullivan, D .J . and  W ilson, 
J.A . (2003) M anagem ent and  ou tcom e o f  b lood  stream  infections due 
to  Candida  species in E ngland  and  W ales. J. H osp. Infect. 54, 18-24.

7] O dds, F .C ., Van Nuffel, L. and  D am s, G . (1998) Prevalence o f  Can­
dida duhliniensis isolates in a yeast stock  collection. J. Clin. M icro­
biol. 36, 2869-2873.
M artins-N ish ikaw a, M ., Trilles, L., Sym oens, F ., Swinne, D. and 
N o lard , N . (2002) Prevalence o f  Candida duhliniensis in the B CCM / 
IH E M  Biomedical Fungi.'Y easts cu lture  collection (isolates before 
1990). M ed. M ycol. 40, 443-445.

)] M artinez, M ., L opez-R ibo t, J .L ., K irkpa trick , W .R ., C oco, B.J., 
B achm ann, S.P. and  P a tte rson , T .F . (2002) R eplacem ent o f Candida 
albicans w ith C. duhliniensis in hum an  im m unodeficiency virus-in- 
fected patients w ith o ropharyngea l candidiasis treated  w ith flucona­
zole. J. Clin. M icrobiol. 40, 3135-3139.

J] M oran , G .P .. Sullivan, D .J., H enm an, M .C ., M cC reary , C .E ., H a r­
rington , B.J., Shanley, D.B. and  C olem an, D .C . (1997) A ntifungal 
d rug  susceptibilities o f  oral Candida duhliniensis isolates from  hum an 
im m unodeficiency virus (H lV )-infected  and non-H IV -infected  sub ­
jects an d  generation o f  stab le  fluconazole-resistan t derivatives in vi­
tro . A ntim icrob. A gents C hem other. 41, 617-623.

1] Pfaller, M .A ., M esser, S.A ., Gee, S., Joly, S., Pujol, C ., Sullivan, 
D .J ., C olem an, D .C . and  Soil, D .R . (1999) In v itro  susceptibilities 
o f Candida duhliniensis isolates tested against the new triazole and 
echinocandin  an tifungal agents. J. Clin. M icrobiol. 37, 870-872.

2] Perea, S., Perea, S., L opez-R ibo t, J .L ., W ickes, B.L., K irkpatrick , 
W .R ., D ib, O .P., B achm ann, S.P., Keller, S.M ., M artinez, M. and 
P a tte rson , T .F . (2002) M olecular m echanism s o f fluconazole resis­
tance in Candida duhliniensis isolates from  H um an Im m unodeficiency 
Virus-infected pa tien ts  with o ropharyngea l candidiasis. A ntim icrob. 
Agents C hem other. 46, 1695-1703.

?] R uhnke, M ., S chm idt-W esthausen , A. and MorschhaCiser, J. (2000) 
D evelopm ent o f s im ultaneous resistance to  fluconazole in Candida 
alhicans and  Candida duhliniensis in a pa tien t with A ID S. J. A ntim i­
crob . C hem other. 46, 291-295.

t] Borg-V on Zepelin, M ., N iederhaus, T ., G ross, U ., Seibold, M ., 
M onod , M. and  T in te lno t, K . (2002) A dherence o f  different Candida 
duhliniensis isolates in the presence o f fluconazole. A ID S  16, 1237- 
1244.

)] W irsching, S., M o ran , G .P ., Sullivan, D .J., C olem an, D .C . and 
M orschhauser, J. (2001) A /Z)/?/-m ediated d rug  resistance in Candida 
duhliniensis. A ntim icrob. A gents C hem other. 45, 3416-3421.

i] M iyazaki, Y., G eber, A ., M iyazaki, H., Falconer, D ., P ark inson , T., 
H itchock, C., G rim berg , B., N ysw aner, K. and  B ennett, J.E . (1999) 
C loning , sequencing, expression and allelic sequence diversity o f 
E R G S  (C-5 sterol desatu rase  gene) in Candida albicans. G ene 236, 
43-51.

[47] Vilela, M .M ., K am ei, K ., Sano, A ., T an ak a , R ., U n o , J ., T akahash i, 
1., Ito, J ., Y arita , K. and  M iyaji, M. (2002) P a thogenicity  and  v iru­
lence o f Candida duhliniensis'. com parison  w ith C. alhicans. M ed. 
M ycol. 40, 249-257.

[48] M cC ullough, M ., Ross, B. and  R eade, P. (1995) C harac te riza tion  o f 
genetically distinct subg roup  o f Candida alhicans s tra in s from  oral 
cavities o f  pa tien ts  infected w ith hum an  im m unodeficiency virus. 
J. Clin. M icrobio l. 33, 696-700.

[49] Jab ra-R izk , M .A ., Falk ler, W .A ., M erz, W .G ., B aqui, A .A .M .A ., 
Kelley, J .I. and  M eiller, T .F . (2001) Cell surface hydrophobicity-as- 
sociated adherence o f  Candida duhliniensis to  hum an  buccal epithelial 
cells. Rev. Iberoam . M icol. 18, 17-22.

[50] Hazen, K .C ., W u, J.G . and  M asuoka , J. (2001) C om parison  o f  the 
hyd rophobic  p roperties o f  Candida albicans and Candida duhliniensis. 
Infect. Im m un. 69, 779-786.

[51] H azen, K .C . and  Glee, P .M . (1995) Cell surface hydrophob ic ity  and 
medically im p o rtan t fungi. C urr. T op. M ed. M ycol. 6, 1-31.

[52] Peltroche-L lacsahuanga, H ., Schnitzler, N ., Schm idt, S., T in telno t, 
K ., Lutticken, R. and H aase, G . (2000) Phagocytosis, oxidative burst, 
and killing o f Candida duhliniensis and  Candida albicans by  hum an 
neutrophils. F E M S  M icrobiol. Lett. 191, 151-155.

[53] de R epentigny, L., A um on t, F ., B ernard, K. and  B elhum eur, P. 
(2000) C harac te riza tion  o f  b inding o f Candida alhicans to  sm all in­
testinal m ucin and  its role in adherence to m ucosal epithelial cells. 
Infect. Im m un. 68, 3172-3179.

[54] H oyer, L .L ., Fundyga, R ., H echt, J .E ., K ap teyn , J .C ., K lis, F .M . and  
A rnold , J. (2001) C harac te riza tion  o f agglutinin-like sequence genes 
from  non-alb icans Candida  and  phylogenetic analysis o f the A L S  
family. G enetics 157, 1555-1567.

[55] H annula, J., Saarela, M ., D ogan , B., P aatsam a, J., K ouk ila -K ahko la , 
P., P irinen, S., A lakom i, H .L ., P erheen tupa, J. and  A sikainen , S.
(2000) C om parison  o f  virulence factors o f oral Candida duhliniensis 
and Candida albicans isolates in healthy people and  pa tien ts  with 
chronic candidosis. O ral M icrobiol. Im m unol. 15, 238-244.

[56] Slifkin, M . (2000) Tween 80 opacity  test responses o f  various Candida 
species. J. C lin. M icrobiol. 38, 4 6 2 6 ^ 6 2 8 .

[57] R am age, G ., V ande W alle, K ., W ickes, B.L. and  L opez-R ibo t, J.L.
(2001) Biofilm fo rm ation  by Candida duhliniensis. J. C lin. M icrobiol. 
39, 3234-3240.

[58] K irkpatrick , W .R ., L opez-R ibot, J .L ., M cAtee, R .K . an d  Patterson , 
T .F . (2000) G row th  com petition  between Candida duhliniensis and 
Candida alhicans under b ro th  and  biofilm grow ing conditions. 
J. Clin. M icrobiol. 38, 902-904.

[59] Pinjon, E ., Sullivan, D ., Salkin, I., Shanley, D. and  C olem an, D. 
(1998) Sim ple, inexpensive, reliable m ethod for d ifferentiation  o f Can­
dida duhliniensis from  Candida albicans. J. Clin. M icrobiol. 36, 2093- 
2095.

[60] Alves, S .H ., M ilan, E .P ., de L aet S an t’A na, P., O liveira, L.O ., San- 
turio , J.M . and  C olom bo, A .L . (2002) H ypertonic  S abouraud  broth  
as a sim ple and  pow erful test fo r Candida duhliniensis screening. 
D iagn. M icrobiol. Infect. Dis. 43, 85-86.

[61] M artins, M .D ., L ozano-C hiu , M . and  Rex, J .H . (1998) D eclining 
rates o f o ropharyngea l candid iasis and carriage o f  Candida albicans 
associated w ith trends tow ard  reduced rates o f carriage o f  flucona­
zole-resistant C. albicans in hum an  im m unodeficiency virus-infected 
patients. C lin. Infect. Dis. 27, 1291-1294.

[62] Pincus, D .H ., C olem an, D .C ., P ru itt, W .R ., Padhye, A .A ., Salkin, 
I.F ., G eim er, M ., Bassel, A ., Sullivan, D .J., C larke, M . and  H earn , 
V. (1999) R ap id  identification o f  Candida duhliniensis w ith com m er­
cial yeast identification system s. J. Clin. M icrobiol. 37, 3533-3539,

[63] C olem an, D ., Sullivan, D ., H arring ton , B., H aynes, K ., H enm an, M., 
Shanley, D ., B ennett, D ., M oran , G ., M cC reary , C. and  O ’Neill, L. 
(1997) M olecular and pheno typ ic  analysis o f Candida duhliniensis'. a 
recently identified species linked with o ra l candidosis in HIV -infected 
and A ID S  patients. O ral Dis. 3 (Suppl. 1), S96-S101.



OURNAL OF C l i n i c a l  M ic r o b i o l o g y ,  O ct. 2003, p. 4 7 8 7 ^ 7 8 9  Vol. 41, No. 10
)095-113 7 /0 3 /$ 0 8 .0 0 + 0  D O I: 1 0 .1 1 2 8 /JC M .4 1 .10 .4787-4789 .2003  
'o p y rig h t © 2003, A m erican  Society for M icrobiology. All R ights R eserved.

Differentiation of Candida dubliniensis from 
Candida albicans on Pal’s Agar

Asmaa A1 Mosaid, Derek J. Sullivan, and David C. Coleman*
Microbiology Research Unit, Department o f  Oral Medicine and Oral Pathology, School o f  D ental Science 

and Dublin Dental Hospital, Trinity College, University o f  Dublin, Dublin 2, Republic o f  Ireland

R eceived 19 May 2003/R eturned for m odification 15 July 2003/A ccepted 28 July 2003

Production of a hyphal fringe around colonies grown on Pal’s agar (sunflower seed agar) at 30°C for 48 to 
72 h provides a simple means of discriminating between isolates of C. dubliniensis and C. albicans with 100% 
accuracy. O f 128 C. dubliniensis isolates tested on this medium, all produced a hyphal fringe. In contrast, none 
of the 124 C. albicans isolates tested produced a hyphal fringe. Pal’s medium has the added advantage of being 
prepared from inexpensive, readily available seeds.

Candida dubliniensis is a novel Candida species first de- 
cribed by our laboratory in 1995 (20). Studies to date  indicate 
hat this species is prim arily associated with oral carriage and 
nfection in hum an im m unodeficiency virus-infected and A IDS 
latients and has rarely been identified in blood cultures from 
latients with candidem ia (3, 4, 6, 7, 10, 14, 19, 20). R outine 
liscrimination betw een C. dubliniensis and the closely related 
pecies Candida albicans has been problem atic (4, 13, 18). T he 
nost accurate m eans o f identifying C. dubliniensis and discrim ­
inating it from C. albicans requires PC R -based tests; however, 
hese are  not readily applicable to the high-voium e throughput 
if isolates in many routine diagnostic laboratories (5, 8). In 
on trast, while a num ber o f phenotype-based tests (e.g., deter- 
nination of colony color on C H R O M agar C andida plates and 
ack of growth at 45°C and carbohydrate assim ilation profiling) 
lave proved to be useful for identifying C. dubliniensis isolates, 
hey do not give com pletely reliable results (4, 12, 13, 15, 18). 
n a recen t study, Staib and M orschhiiuser suggested that Staib 
gar (which contains Guizotia abyssinica seed extract) was a 
,ood discrim inatory m edium  (17). This finding was confirm ed 
II a study from our laboratory in which 127 of 130 isolates o f 
’. dubliniensis (97.7% ) grew as rough colonies and all 166 C. 
Ibicans isolates tested  grew as sm ooth colonies (1). Staib agar 
/as originally developed for the identification o f Cryptococcus 
eoformans, which produces m elanin-like pigm ent on this agar 
16). In o rder to develop a m edium  with even g rea ter discrim- 
iiatory ability, we investigated the effect o f replacing G. abys- 
inica seed extract with extracts from  the  seeds of o ther plants. 
)ne  such medium is P al’s agar, which contains sunflower (He- 
anthus annus) seed extract and is ano ther medium originally 
eveloped for the identification of C. neoformans (16). Since 
o th  H. annus and G. abyssinica belong to the sam e botanical 
amily (Asteraceae), and  since Staib agar is a good but not an 
bsolutely reliable m edium  for differentiating betw een C. dub- 
niensis and C. albicans, we investigated the use o f P a l’s me- 
ium for this purpose.
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Init, D epartm ent o f O ral M edicine and O ral Pathology, School o f 
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ty o f  Dublin, Dublin 2, R epublic  o f Ireland. Phone: 353 1 6127276. 
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T he yeast isolates used in this study are  shown in T able 1. 
T he identity o f all isolates was reconfirm ed using the ID  32C 
yeast identification system (bioM erieux, Marcy I’E toile, 
F rance). In addition, the identities o f C. dubliniensis and C. 
albicans isolates w ere confirm ed by growth at 45°C and by PCR 
(5, 13). All isolates w ere also tested  for chlam ydospore form a­
tion on rice agar-Tw een agar, and all the C. dubliniensis and C. 
albicans isolates produced chlam ydospores on this m edium 
(20). Pal’s agar was p repared  freshly with unsalted  sunflower 
seeds (including kernels and shells) and used within 5 days to 
ensure consistent results. F irst, an aqueous extract o f sunflower 
seeds was prepared  by pulverizing 50 g o f seeds in a dom estic 
M oulinex (D ublin, Ireland) m odel B57 blender for 5 min and 
then  adding the ground seeds to  1 liter of distilled water, 
followed by boiling for 30 min. Next, the seed extract was 
cooled and filtered, and the following ingredients w ere added: 
glucose (1 g), K H 2PO 4 (1 g), and creatin ine (1 g). T he pH  was 
adjusted to 5.5, the volum e was read justed  to  1 liter, and 15 g 
of agar (D ifco) was added before the m ixture was autoclaved at 
110°C for 20 min. F or each isolate included in the study, part 
o f a single colony grown on po ta to  dextrose agar (Oxoid) at 
37°C for 48 h was streaked on to  P al’s agar contained in 90- 
m m -diam eter single-vent petri dishes (25 ml o f agar per plate) 
and incubated a t 30°C. Colony m orphology was exam ined vi­
sually every 24 h for up to  10 days, and the data  w ere recorded. 
A t 48 to 72 h, colonies w ere exam ined microscopically for the 
presence or absence o f chlam ydospores: 10 to 20 well-sepa- 
ra ted  single colonies w ere stained with 1 drop of 1% (wt/vol) 
lactophenol cotton  blue stain (which stains chlam ydospores 
preferentially), allowed to stain for 5 min, and then covered 
with sterile glass coverslips (22 by 22 mm) and exam ined mi­
croscopically under bright-field illum ination with a 4 0 x  objec­
tive (9, 20). C hlam ydospore-negative isolates continued to be 
exam ined at 24-h intervals for up to  10 days.

All o f the yeast isolates tested  grew well on P al’s agar. 
Following 48 to  72 h of incubation, all 124 C  albicans and all 
128 C. dubliniensis isolates tes ted  grew as sm ooth creamy-gray 
colonies (Fig. 1). However, all the C. dubliniensis isolates ex­
hibited a hyphal fringe (Fig. IB ), w hereas none of the C. 
albicans did (Fig. lA ). It should be noted that 36 o f 124 C. 
albicans isolates (29% ) w ere observed to produce a fringe 
following 10 days of incubation. M icrobiological analysis re-
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TABLE 1, Candida isolates" used in the study

Yeast species Country of isolation No. of 
isolates Reference

r. dubliniensis'' Argentina 1 6, 20
Australia 2 6, 20
Brazil 7 11, this .study
Canada 3 1, 6. 13
France 6 1
Germany 2 1, 6, 13
Israel 18 1, 6, 14, this study
Ireland 43 1, 6, 13, 20
Malta 3 1
New Zealand 3 This study
Spain 2 1, 2, 6
Switzerland 2 1, 6, 18
The Netherlands 3 6, 10
United Kingdom 26 1, 6, 13
United States 7 1, 12

Total 128

7. albicans’’ Greece 8 This study
Hungary 5 This study
Ireland 61 1, 13
United Kingdom 2 1, 13
United States 48 1, 12

’otal 124

glabrata 5 This study

tropicalis 4 This study

parapsilosis 5 This study

'. knisei 1 This study

" All i.solates w ere  clinical isolates from  th e  cu ltu re  collection o f the  M icrobi- 
ilogy R esearch  U n it, D ep artm en t o f O ral M edic ine and  O ral P athology, School 
tf D enta l Science, T rin ity  C ollege, U niversity  o f D ublin, Ireland.

N inety-five o f  th e  C. dubliniensis iso la tes and 111 o f the  C. albicans isolates 
ivestiga tcd  h e re  w ere  also  included in a previous S taib agar study (1).

ea led  that the fringe surrounding C. dubliniensis co lon ies was 
ound to be com prised  o f  hyphae, pseudohyphae, and blasto­
pores. T h ese  findings are in contrast to previous data obtained  
ly using Staib agar, on which 127 o f  130 C. dubliniensis isolates 
ested  (97.7% ) form ed rough co lon ies, many (65% ) with a 
lyphal fringe, and all 166 C. albicans  tested  grew as sm ooth  
olon ies (1). In the present study, none o f  the C. albicans 
lo lates produced chlam ydospores on  Pal’s agar, even after 10 
lays o f  incubation, whereas 120 o f  128 o f  the C  dubliniensis 
jolates tested  (93.75% ) produced chlam ydospores within 48 to 
2 h. T he rem aining 8 o f  128 C. dubliniensis isolates (6.25% ) 
/ere chlam ydospore negative even after 10 days o f  incubation, 
nterestingly, in the previous study with Staib agar, none o f  the  
66 C. albicans  isolates tested  produced chlam ydospores 
/hereas only 19 o f  130 o f  the C. dubliniensis isolates exam ined  
14.6%) w ere chlam ydospore negative (1). Tw elve o f  these 19 
hlam ydospore-negative C. dubliniensis isolates w ere included  
1 the present study; 7 were chlam ydospore positive on Pal’s 
gar, and the rem aining 5 were chlam ydospore negative.

T he colony m orphologies o f  se lected  oral isolates o f  four 
ther C andida  sp ecies (Table 1), including five C  glahrata, four

FIG. 1. Macroscopic appearance of C. dubliniensis and C. albicans 
colonies on Pal’s medium following 72 h of incubation at 30°C. 
(A) Smooth colonies exhibited by C. albicans composed exclusively of 
blastospores; (B) C. dubliniensis colonies displaying a hyphal fringe, 
containing abundant hyphae, pseudohyphae, and chlamydospores.

C. tropicalis, five C. parapsilosis, and a single C. knisei isolate, 
w ere also exam ined on P al’s m edium . O ne C. tropicalis isolate, 
two C. glabrata  isolates, and three C. parapsilosis isolates 
yielded  sm ooth co lon ies sim ilar to  those o f  C. albicans. Three  
C. tropicalis isolates, two C. parapsilosis isolates, and the single  
C. km sei  iso late form ed rough co lo n ies with a fringe similar to 
that form ed by C. dubliniensis.

Similar results to those described above w ere obtained with 
all isolates tested  on separate batches o f  Pal’s agar prepared  
from  the sam e batch o f  sunflow er seeds, in each case with 
seeds purchased from two separate suppliers. H ow ever, we  
found that incubation o f  the p lates at 37°C rather than 30°C  
resulted in poorer discrim ination betw een the two species. W e  
therefore propose that the form ation o f  a hyphal fringe sur­
rounding C. dubliniensis co lon ies on Pal’s m edium  follow ing  
incubation for 48 to 72 h at 30°C provides a definitive m eans o f  
discrim ination betw een this sp ecies and C. albicans. H owever, 
since co lon ies o f  som e isolates belonging to other C andida  
species also produce a fringe on P al’s agar, w e suggest that this 
m edium  should be used only to screen germ  tube- and/or 
chlam ydospore-positive isolates. Pal’s m edium  has an impor-
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:ant advantage over Staib agar in that it perm its an absolute  
Jiscrim ination betw een C  dubliniensis and C  albicans.
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Casein Agar: a Useful Medium for Differentiating Candida dubliniensis 
from Candida albicans
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Production of chlamydospores on casein agar at 24°C for 48 h provides a simple means for differentiating 
Candida dubliniensis from Candida albicans based on chlamydospore production. O f 109 C. dubliniensis isolates 
tested on this medium, 106 (97.2%) produced abundant chlamydospores and three produced few chlamydospores.
In contrast, o f the 120 C. albicans isolates tested, 111 (92.5%) failed to produce any chlamydospores, whereas 
the remaining nine isolates produced few chlamydospores. These findings indicate that abundant chlamydo­
spore production on casein agar is a useful test for discriminating between C. dubliniensis and C. albicans.

Since its first description in 1995, Candida dubliniensis has 
)een isolated from a variety o f specim ens from hum ans in 
:ountries all over the world (6, 13, 15, 18-20). As a conse- 
|uence o f the increasing num ber o f reports on the isolation of 

dubliniensis, it is im portant to  be able to  rapidly and accu- 
ately identify this species in most clinical mycology laborato- 
ies. However, identification o f C. dubliniensis is ham pered by 
ts close relationship with Candida albicans, a situation that has 
om elim es led to  the m isidentification of isolates of C. dublini- 
•nsis as C. albicans (19). A t p resent, the most accurate differ­
entiation betw een isolates o f the two species is perform ed in 
eference laboratories with the use o f m olecule-based tech- 
liques such as PC R  or D N A  fingerprinting with repetitive 
equence-containing D N A  probes (5, 17, 19). However, these 
ophisticated techniques are not suitable and often not readily 
ipplicable for use in small clinical mycology laboratories, 
vhere simple and rapid m ethods are  needed. R eliable pheno- 
ypic m ethods for the identification o f C. dubliniensis isolates 
nclude carbohydrate assim ilation profile analysis by using 
omm ercially available yeast identification systems and detec- 
ion o f differential antigen expression by im m unofluorescence 
nicroscopy (2, 3, 11, 12, 20). F urtherm ore, a variety o f o ther 
ncillary tests have been developed for discrim inating between 

dubliniensis and C. albicans isolates, including the inability 
if C. dubliniensis to grow at 45°C (12). However, w hereas these 
ests are useful for the presum ptive identification of C. dub- 
'niensis, they are  not definitive. O ne o f the key features em- 
iloyed in the initial description o f C. dubliniensis was its ability 
0  produce abundant chlam ydospores on cornm eal agar and
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rice-agar-Tw een-agar (20). Chlam ydospore production by C. 
dubliniensis on Staib agar and caffeic acid-ferric c itrate agar has 
also been  used recently for the differentiation of C. dubliniensis 
from C. albicans (1 ,17). In the present study, the production of 
chlam ydospores by C. dubliniensis and C. albicans on casein 
agar was investigated as an additional m eans for differentiating 
the two species.

T he reference and clinical isolates used in this study are 
shown in T able 1. C onventional m orphological and physiologic 
m ethods, as well as m olecular techniques, w ere em ployed to 
confirm the identity o f all isolates (1, 2, 4, 5, 11, 19). All yeasts 
studied w ere initially grown for 48 h at 30°C on Sabouraud 
glucose agar (D ifco, D etro it, M ich.). C asein agar was prepared  
as described by L arone (7). Briefly, 10 g o f skim milk (Sveltesse 
dried skim m ed milk; N estle Espaiia SA, Esplugues de Llobre- 
gat, B arcelona, Spain; and M arvel dried  skimm ed milk; P re­
m ier B rands, M erseyside, U n ited  K ingdom ) was dissolved in 
90 ml o f distilled w ater, and 3 g o f agar was dissolved in 97 ml 
of distilled w ater. A fter autoclaving o f both solutions sepa­
rately a t 121°C for 15 min, they w ere allowed to cool to 45 to 
50°C and w ere then mixed together and dispensed in 25-ml 
am ounts into 90 m m -diam eter petri dishes. Caesin agar plates 
w ere inoculated with culture growth from a 48-h-old Sab­
ouraud  agar by cutting several shallow parallel groves in the 
agar with a wire loop, followed by incubation at 24 C for 48 h. 
Following incubation, sam ples of culture growth were stained 
with lactophenol cotton blue and w ere exam ined for chlam y­
dospore production by light microscopy (20). Y east isolates 
w ere also tested  for growth at 45°C for 48 h on Sabouraud 
glucose agar as described by Pinjon e t al. (12).

All 109 C. dubliniensis isolates tested  produced chlam ydo­
spores on casein agar after 48 h o f incubation at 24°C. Chlam y­
dospores w ere stained dark  blue by lactophenol cotton blue 
and w ere very abundant and arranged in groups around  
pseudom ycelial grow th (Fig. lA ), but in som e cases isolated 
chlam ydospores w ere also observed. T he vast majority (111 of 
120 [92.5% ]) o f the  C. albicans isolates tested  did not produce
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T A B L E  1. Y east iso lates used  in this study

Organism and source 
or country of isolation No. of i.solates Specimen Source or reference(s)

O', duhliniem is
Argentina I Oral 5, IS
Australia 3 Oral 5, 20
Canada 5 Oral 5, 12
Finland 1 Oral 5, 12
Germ any 4 Oral 5, 12
G reece I Oral 5, 12
Ireland 24 Oral 5, 18, 20

4 Blood 5; this study
1 Vaginal 5, 10

Italy 3 Oral This study
Israel 2 R es. tr.“ 5, 13

2 Sputum 5, 13
I Urinary 5, 13
2 Vaginal 5
I W ound 5

T he Netherlands 2 Blood 5, 8
1 Sputum 5, 8

Spain 33 Oral 5, 12, 14; this study
1 Blood 15
I Vaginal This study

Switzerland 7 Oral 3, 5
U nited Kingdom 6 Oral 5, 12, 16

1 Blood 5, 12, 16
1 Fecal 5. 12

Culture collection N C PF 3108 N /A 20

7 . albicans
Argentina 9 Oral This study
G reece 4 Oral This study
Ireland 6 Oral I; this study
H ong Kong I Oral 12
Spain 45 Oral This study

36 Vaginal This study
t Urinary This study
1 Penile This study

U nited States 9 Oral 1, 11
Culture collection N C PF 3153 and 3156 and A TCC 26555, 

64385, 64548, 64550, 90028, and 90029
N /A

r .  glahrata
Spain 9 Oral This study
Culture collection N C PF 3203 N /A

"  guiliiermondii
Spain 6 Oral This study

1 Vaginal This study
Culture collection N C PF 3099 N /A

krusci
Spain 3 Oral This study

1 Vaginal This study
Culture collection A TCC  6258 N /A

hisilaniae
Spain 1 Bronchial aspirate This study

1 Fecal This study
1 Urinary This study

parapsih sis
Spain 5 Oral This study

^  nigosa
Bulgaria 6 Blood This study

I Urinary This study
I Prosthetic valve This study

stellatoidca  type 1
Culture collection A TCC 11006 N /A

7. stellatoidca  type II
Culture collection A T CC  20408 N /A

tropicalis
Ireland 5 Oral This study
Spain 10 Oral This study
Culture collection N C PF 3111 N /A

“ Res. tr., respiratory tract; N/A, not applicable.
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FIG . 1. A bundant chiam ydospore production  on casein agar by C. ditbliniensis isolate 00131 (A ) and absence o f  chlam ydospore p roduction  by 
albicans isolate 00160 (B) incubated  fo r 48 h at 24°C. M agnification, X400.

-hlam ydospores on cascin agar after 48 h o f incubation. In 
:hese isolates, only yeast-like cells o f different sizes stained a 
ight blue color by lactophenol cotton blue w ere observed (Fig. 
1B). H ow ever, 9 o f 120 (7.5% ) o f the C. albicans isolates tested 
produced chlam ydospores on casein agar. These chlamydo- 
ipores, although indistinguishable from those produced by C. 
iubliniensis, w ere difficult to observe due to  their low num ber. 
The identity o f these isolates as C. albicans was reconfirm ed by 
;arbohydrate  assimilation profile analysis with the A PI ID32 
system, by lack o f reactivity with a C. ditbliniensis antiserum , 
ind in som e cases by PC R  (2, 4, 11). T he production o f chla- 
nydospores on casein agar by Candida  species o th er than C. 
Iubliniensis and C. albicans was also investigated (Table 1). No 
.'hlam ydospores w ere produced by the Candida tropicalis, Can­
ada knisei, Candida parapsilosis, Candida guilliennondii, Can­
ada glabrata, Candida lusilaniae, Candida rugosa, Candida stel- 
atoidea type I, and C. stellatoidea type II isolates tested  (Table 
1). F o r all o f the Candida strains included in the study, results 
>imilar to those described above w ere obtained in separate  
jxperim ents with th ree different batches o f casein agar.

Casein agar seems also to be suitable for studying chlamy- 
iospore  production by fresh isolates, since, when 8 fresh C. 
Iubliniensis oral isolates and 10 fresh C. albicans oral isolates 
vere tested, all o f the C. dubliniensis isolates produced abun- 
ian t chlam ydospores within 48 h, w hereas none o f the C. al- 
ncans isolates did.

T he ability to grow at 45°C was studied in an a ttem pt to 
lifferentiate the C. albicans isolates producing chlam ydospores 
)n casein agar from the C. dubliniensis isolates. Previous stud- 
es dem onstrated  that C. dubliniensis isolates do not grow at 
15°C, w hereas the majority o f C. albicans do (12). W hile no 
’rowth was found with any o f the 109 C. dubliniensis isolates at 
!4 and  48 h on Sabouraud dextrose agar at 45°C, all 120 of the 
r. albicans isolates grew well at 45°C.

Casein agar has been traditionally used to study the decom ­
position of casein by aerobic actinom ycetes and dem atiaceous 
fungi (7). However, results presen ted  in this study show, for the 
first tim e, tha t casein agar is a good medium to induce the 
production  of chlam ydospores by C  dubliniensis isolates, a 
featu re that can be used to  differentiate C. dubliniensis from  C. 
albicans. A lthough 106 of 109 (97.2% ) of the C. dubliniensis 
isolates tested  produced abundant chlam ydospores on casein 
agar, nine isolates o f C. albicans isolates also produced very 
few chlam ydospores. A ttem pts to im prove discrim ination be­
tween the two species by decreasing the tem perature  o f incu­
bation o r by modifying the com position of casein agar by vary­
ing th e  am ount o f skim milk added or by incorporating 1% 
Tw een 80 w ere unsuccessful (data not shown). D iscrim ina­
tion betw een C. dubliniensis isolates and the nine C. albicans 
isolates that produced chlam ydospores on casein agar was 
achieved by incubating the isolates at 45°C, since all nine C. 
albicans isolates grew well at tha t tem perature , w hereas the 
109 C. dubliniensis isolates included in the study did not. A l­
though growth a t 45°C alone perm itted  discrim ination betw een 
C. albicans and C. dubliniensis isolates in this study, it has been 
repo rted  that som e C. albicans isolates are not able to  grow at 
45°C (6, 9, 12).

A ttem pts to differentiate C  dubliniensis from  C. albicans on 
the basis o f chlam ydospore production  in m edia such as Staib 
agar and caffeic acid-ferric citra te  agar have been m ade (1,17). 
H owever, casein agar is less expensive and sim pler to prepare 
than these m edia and casein agar could easily be prepared  in 
rou tine clinical mycology laboratories. In conclusion, casein 
agar provides a simple and inexpensive m eans of differentiat­
ing isolates o f C. dubliniensis and  C. albicans. In the vast m a­
jority o f cases, isolates producing abundant chlam ydospores on 
casein agar can be presum ptively identified as C  dubliniensis.
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High prevalence of non-albicans yeasts and detection of 
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Abstract: Oral fungal infections frequently develop in individuals w ith  advanced cancer.
This study examined the oral mycological flora of 207 patients receiving palliative care for 
advanced malignant disease. Demographic details and a clinical history were docum ented 
from  each participant. A tongue swab was collected and cultured on CHROMAgar 
Candida® (CHROMAgar Paris, France). All yeasts were identified by germ tube test, API 
ID 32C profiles and, for Candida dubliniensis, by species-specific PCR. Susceptib ility to 
fluconazole and itraconazole was determ ined by a broth m icrodilution assay according to 
the National C om m ittee for Clinical Laboratory' Standards (NCCLS). A t tim e of sampling, 54 
(26%) of the 207 subjects had clinical evidence of a fungal infection and yeasts were 
isolated from  139 (67%) individuals. In total, 194 yeasts w ere isolated, of w hich 95 (49%) 
were Candida albicans. There was a high prevalence of Candidia glabrata (47 isolates) of 
which 34 (72%) w ere resistant to both fluconazole and itraconazole. All nine isolates of C. 
dubliniensis recovered were susceptible to both azoles. No relationship was established 
between anti-fungal usage in the preceding three m onths and the presence of azole 
resistant yeasts. This study of patients w ith  advanced cancer has dem onstrated a high 
incidence of oral colonization w ith  non-C. albicans yeasts, many of w hich had reduced 
susceptibility to fluconazole and itraconazole. The role of improved oral care regimes and 
novel anti-fungal drugs merits further attention, to reduce the occurrence of fungal infection 
in these patients. Palliative Medicine 2003; 17: 477-481
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Introduction

Oral fungal infection is a frequent find ing among 
patients receiving palliative care for advanced cancer.'” '* 
Infection is likely to be due in part to the immunocom­
promised state o f such patients, often in conjunction with 
xerostomia, another well recognized oral complication in 
hospice patients.^’® Prompt and effective treatment of 
such infections is an im portant element o f palliative 
med icine.

In view o f the recurrent nature o f oral fungal infections 
in patients w ith advanced cancer, many sufferers w ill 
receive repeated courses o f anti-fungal medication. In 
other clinical settings, it has been suggested that pro­
longed or repeated exposure to fluconazole may be 
associated w ith the emergence o f fluconazole resistance
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among strains o f Candida albicans7'^ In addition, there is 
the potential fo r selection o f non-C. albicans species o f 
yeast,® which may have implications for treatment, since 
many o f the non-C. albicans yeasts, such as Candida 
glabrata^^ and Candida krusei,^^ are inherently less 
susceptible than C. albicans to fluconazole. M ore re­
cently, a new species o f yeast named Candida dubliniensis 
has been reported,'^ This yeast was first described at a 
high prevalence among patients infected with H IV '^  and 
it was postulated that C. dubliniensis may have been 
selected for in this population through the extensive use 
o f azole anti-fungals.

Previous studies have suggested a diverse oral myco­
logical flora in hospice patients, w ith a significant 
proportion o f non-C. albicans y e a s t s , a  result con­
firmed recently in a study o f oral yeast carriage among 
120 patients with advanced cancer.'"'’ A  large scale, 
detailed study which has determined susceptibility o f 
oral isolates to systemic anti-fungal drugs would not 
appear to have been reported, though data in press from 
another group has shown that 28% o f a collection o f 86
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yeasts isolated from the  m o u th s  of  patients  with a d ­
vanced cancer were resistant to one  or m ore  azole anti- 
fungal d r u g s . C l e a r l y  this type of  in form ation  is o f  
value in determ ining appropr ia te  anti-fungal d rug  re ­
gimes for patients receiving palliative care.

In the  light o f  these concerns, the aim o f  the present 
study w as  to examine in detail the  oral mycological flora 
in a large series o f  patients  with advanced  cancer, 
receiving care in three separate  hospices. T he  suscept­
ibility o f  the  yeast isolates to f luconazole and i t racona­
zole would also be determ ined  by use o f  s tandard ized  in 
vitro an ti-fungal susceptibility testing.

Methods

Ethical approval for the study was gained in each of  the 
three centres from the  relevant local research ethics 
committees.

Patients
In to ta l,  207 patients receiving hospice care were 
enrolled. T he  patients were a t tending  one  o f  three 
hospices: the A C C O R D  Hospice, Paisley, the  Prince & 
Princess o f  Wales Hospice, G lasgow  and  the H olm e 
Tower Hospice, P enar th ,  South Wales, U K .  All patients 
gave either informed written consent or witnessed verbal 
consent prior  to partic ipation .

Clinical examination
D em ograph ic  details were collected for each patient, 
including age, sex and nature  o f  the p r im ary  tum our. 
W here possible, inform ation on anti-fungal therapy over 
the previous three m o n th s  was elicited, usually from the 
pa t ien ts’ general medical practitioners. T h e  oral cavity 
was examined by a dentally qualified au thor,  experienced 
in oral medicine, (JB, M PS or M A O L )  for clinical 
evidence o f  fungal infection.

Sample collection
A swab (Transwabs®, M edical Wire & E q u ip m e n t  C o  
(Bath) L td ,  Corsham , Wiltshire, U K ) was used to collect 
a sam ple from the dorsa l  surface o f  the  to n g u e  o f  each 
patient. T h e  swabs were transpor ted  to the  local labo ra­
tory for processing within three hours  o f  collection.

Laboratory processing of specimens
Swabs were inoculated directly on to  C H R O M A g a r  
Candida® (C H R O M A g a r  Paris, F rance)  and  incubated 
for 48 hours  at 37°C. A semi-quanti ta t ive assessment o f  
growth was made, in which confluent growth was defined 
as ‘heavy’, semi-confluent growth as ‘m o d e ra te ’ and 
scattered colonies as ‘l ight’ growth. C olonies  o f  each 
m orphological type present on p r im ary  isolation plates 
were purified by subculture  on S a b o u r a u d ’s agar plates

(Bioconnections, Leeds, U K ).  Small, d a rk  green colonies 
on pr im ary  isolation plates were considered as possible 
isolates o f  C. dubliniensis^^ and  four separate colonies 
from each plate were subcultured  for subsequent analysis.

F o r  identification purposes, germ tube tests were 
perform ed on all isolates. In addition ,  A PI  ID 32C 
(bio-M erieux S A, M arcy - l’Etoile, F rance)  profiles were 
determ ined for all isolates, w hether  germ tube-positive or 
germ tube-negative. All germ tube-positive isolates were 
screened by P C R  using C. duhliniensis -  specific and 
fungal universal primers, as described by Donnelly  and 
coworkers. '*  This p rocedure  allowed C. duhliniensis 
isolates to be definitively identified and  differentiated 
f rom C. albicans isolates.

Susceptibility to f luconazole and i traconazole was 
determ ined for all isolates by m eans o f  a bro th  m icro­
dilution a s s a y . F o r  fluconazole, isolates with an M IC  of  
< 8  vg/mL were classified as susceptible, those with an 

M IC  of  1 6 -3 2  Vg/mL were susceptible-dose dependent 
(S-D D ) and those with an M IC  o f  >  64 vg /m L were 
reported  as resistant. For  itraconazole, isolates with an 
M IC  o f  < 0 .1 2 5  Vg/mL were classified as susceptible, 
those with an M IC  of  0 .2 5 -0 .5  vg/mL were S-DD and 
those with an M IC  o f  >  1 vg /m L  were reported  as 
resistant. In all cases, if results fell between categories, 
then the next higher category  was implied.'®

Statistical analysis
D ata  were entered into a M icrosoft Access da tabase  and 
were subsequently  analysed using M initab  version II  
(M initab Inc., Pennsylivania, USA). P rim ary  analysis o f  
categorical da ta  was carried ou t using descriptive statis­
tics and  cross tabulation. Po ten tia l differences between 
groups were investigated using the C hi-square  test of 
association.

Results

Patients
O f the  207 patients  included in the  study, 92 (45%) were 
male. T he  age range o f  the  patients was 25 years to 99 
years (mean 67.9 years). T h e  types of  tu m o u r  present in 
the patient popula tion  are sum m arized in Table 1.

A to ta l o f  102 (50%) of  the  patients were edentulous, 
52 (25%) were partially den ta te  and the rem aining 53 
(25%) were dentate. O f  the  154 edentu lous or  partially 
den ta te  patients, 124 (81%) wore dentures. Ninety-seven 
(48%) o f  the patients had clinical evidence of  xerostomia. 
At the  time o f  sampling, 54 (26%) of  the patients  had 
clinical evidence o f  an oral fungal infection. Twenty-six 
had ery them atous  candidosis, eight had p se u d o m em b ra ­
nous candidosis, 10 had  angu la r  cheilitis and  10 had 
com binat ions o f  these form s o f  infection. A significantly 
higher p roportion  of  patients  with clinical evidence of  a
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Table 1 Nature of the primary tum our in 207 hospice 
patients

Primary tum our Number (%)

Lung, trachea and bronchus 38 (1 8)
Breast 33(16)
Prostate 15 (7)
Unknown primary 1A(7)
Colon 13(6)
Lymphoid, haemopoietic and related tissue 11 (5)
Oral 10(5)
Pancreas 9 (4)
Oesophagus 9 (4)
Stomach 8 (4)
Ovary 7 (3)
Other 40 (19)

fungal infection yielded growth o f  a least one  species o f  
yeast, com pared  with those who did not have a fungal 
infection ( P < 0 . 0 1 ) .  T here  was no evidence for an 
association between den tu re  wearing and  fungal infection 
(P = 0 .1 5 ) .

D a ta  on anti-fungal therapy du r ing  the previous three 
m o n th s  were available for 206 patients. Forty-six (22%) 
had received anti-fungal trea tm ent in the preceding 
m onth ,  nine with systemic, 34 with topical and  three 
with bo th  topical and  systemic agents.

Yeast isolates
Yeasts were isolated from the m outh  o f  139 (67%) o f  the 
patients  studied. O f  these patients, 91 (65%) were 
colonized with one yeast species, 41 (30%) with two yeast 
species and  seven (5%) with three yeast species, resulting 
in a to ta l o f  194 clinical isolates (Table 2). T he  density of  
fungal growth was recorded as light for 43 (31%) patients, 
m odera te  for 30 (22%) and  heavy for 66 (47%). O f  the  54 
patients  with clinical evidence o f  a fungal infection, 47 
(87%) yielded growth of  a yeast. O f  these 47 patients, 37 
(79%) were colonized with C. albicans and  the rem aining 
10 patients with non-C . albicans yeasts.

Table 2 Identity of 194 yeast species isolated from  the 
m ouths of 207 hospice patients

Species Number (%)

Candida albicans 95 (49)
Candida glahrata 47 (24)
Candida tropicalis 18 (9)
Saccharomyces cerevisiae 17 (9)
Candida duhliniensis 9 (5)
Candida fiarapsilosis 3 (2)
Candida guillerniondii 2 (1)
Candida liisitaniae 2 (1)
Candida knise i 1 ( < 1 )

The data in this table relate to  isolates from  the 139 patients 
from  whom  oral yeasts w ere  recovered

Fluconazole and itraconazole susceptibilities
In vitro susceptibility to fluconazole and  itraconazole 
was determ ined for all isolates. For fluconazole, 137 
(71%) were susceptible, 13(6% ) w e re S -D D  and 44 (23%) 
were resis tant (Table 3). F o r  itraconazole, 107 (55%) were 
susceptible, 41 (21%) were S-DD and 46 (24%) were 
resis tant (Table 3). A high p ro po rt ion  of  the  isolates o f  C. 
glahrata  and Saccharom yces cerevisisae recovered were 
found to be resis tant to bo th  drugs.

T here  was no evidence o f  a significant association 
between anti-fungal the rapy  in the  previous three m onths  
and  the  presence of  yeasts resis tant to f luconazole (P =  
0.14) or i traconazole  ( P = 0 .6 5 ) .  However, there was 
evidence o f  significant associations between xerostomia 
and the  presence o f  yeasts resistant to bo th  fluconazole 
( P = 0 . 0 1 )  and  i traconazole  (P =  0.02). T here  was a 
slightly higher percentage o f  patients with evidence of 
fungal infection who had at least one yeast isolate 
resistant to the  azole anti-fungals  tested, but this was 
not statistically significant for either fluconazole (P =  
0.33) or itraconazole  (P = 0 .2 9 ) .

Discussion

In trao ra l  fungal infection continues to be a frequent 
finding am o n g  patients  with advanced cancer. A t the 
time o f  sampling, a quar te r  o f  the  patients in the  present 
study had clinical evidence o f  oral candidosis and yeasts 
were recovered from the m outh  o f  67% o f  the partic i­
pants.

Resistance to f luconazole and  itraconazole  was rare  in 
the isolates o f  C. albicans recovered. However, approx i­
mately half  o f  the  yeasts recovered from the cancer 
patients  were s tra ins  of  non-C .  albicans species, a finding 
in keeping with previous work of  this g ro u p ^ a n d  similar 
to recent data reported  by an o th e r  group.

T he  heterogeneity  o f  yeast popula tions  in these 
patients is well recognized. C H R O M A g a r  C and ida  is 
very effective for dem onstra t ing  heterogeneity between 
species, bu t  heterogeneity  within the  same species should 
also be considered. This was taken into account for C. 
dubliniensis, an initial focus of  this study. Thus, for 
isolates with a m o rpho logy  suggestive o f  this species, four 
colonies were collected from the prim ary  plates for anti- 
fungal susceptibility testing, all o f  which proved suscep­
tible. Ideally, a selection o f  each m orphological type, 
regardless o f  species, should be taken as a routine, though 
this is cum bersom e in a clinical diagnostic setting. 
A lthough  this p rocedure  was not undertaken in the 
present study, a high prevalence o f  anti-fungal resistance 
was nevertheless detected am o n g  certain non-C . albicans 
strains.

A very significant finding in these studies has been the 
high level o f  isolation o f  C. glahrata. Whilst historically
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Table 3 Fluconazole and itraconazole susceptibility of 194 yeasts isolated from the mouths of 207 hospice patients

Species Number 
of isolates

Fluconazole susceptibility « Itraconazole susceptibility *

Susceptible Susceptible 
dose dependent

Resistant Susceptible Susceptible 
dose dependent

Resistant

Candida albicans 95 92 (97) 0 3 (3) 76 (80) 15 (16) 4 (4)
Candida glabrata 47 5 (11) 8 (17) 34 (72) 2 (4) 11 (24) 34 (72)
Candida tropicalis 18 16 (89) 0 2 (11) 13 (72) 3 (17) 2 (11)
Sacchammyces cerevisiae 77 8 (47) 5 (29) 4 (24) 3 (18) 8 (47) 6 (35)
Candida dtibliniensis 9 9 (100) 0 (0) 0 (0) 9 (100) 0 (0) 0 (0)
Candida parapsibsis 3 3 (100) 0 (0) 0 (0) 3 (100) 0 (0) 0 (0)
Candida guilliermondii 2 2 (100) 0 (0) 0 (0) 0 (0) 2 (100) 0 (0)
Candida lusitaniae 2 2 (100) 0 (0) 0 (0) 1 (50) 1 (50) 0 (0)
Candida kn ise i 1 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 1 (100)

* Figures in parentheses are percentages

C. glahrata  has  been viewed as a comparatively non- 
pathogenic  m em ber o f  the  norm al flora there is now a 
recognition, following the increased use o f  im m u n o su p ­
pressive and anti-fungal agents, that this species is a 
relatively frequent cause o f  infection in im m u n o co m p ro ­
mised indiv iduals .^’ C o m p ared  with o ther  Candida  
species, C. glahrata  isolates have typically been associated 
with higher M IC s  to all azole d rugs and are innately less 
susceptible to most an t i-fungals .^ ’ In the present study, 
72% o f  isolates o f  C. glahrata  were resistant to both 
fluconazole and itraconazole. Clearly this reduced sus­
ceptibility raises im p o r ta n t  issues in relation to m anage­
ment o f  o ra l  fungal infections for those with advanced 
cancer. Regular use o f  mycological culture for detection 
of  such fungal infections would appear  to be advisable, 
particularly  in patients with florid oral candidosis which 
is refractory  to s tandard  trea tm ent regimes.

C. duhliniensis^^ has been associated with oral cand i­
dosis in HIV-infected and  A ID S  patients. T he  ability o f  
this yeast to rapidly develop resistance to f luconazole in 
vitro^^ has  been suggested as a possible reason for the 
emergence o f  C. duhliniensis within HIV-infected indivi­
duals. In the  light o f  the high prevalence o f  non-C. 
alhicans yeasts already reported  in those with advanced 
cancer,^’'"* and the w ork ing  hypothesis tha t this may be 
due to previous exposure to fluconazole, it was clearly of  
interest to determ ine the  presence of  C. duhliniensis in 
this patien t group. In view of the phenotypic similarities 
between C. alhicans and  C. duhliniensis, all germ tube- 
positive isolates were subjected to PC R  screening using 
C. duhliniensis-specific  primers to d iscriminate isolates o f  
C. duhliniensis and  C. albicans. T he  prevalence of C. 
duhliniensis was low (nine o f  194 isolates), confirming the 
findings o f  ano ther  very recent study in which only 5% of  
120 isolates were C. duhliniensis.^^ All o f  the clinical 
isolates o f  C. duhliniensis in the  present study were 
susceptible to bo th  fluconazole and itraconazole.

It has  been suggested tha t use of  f luconazole is 
associated with selection o f  Candida  isolates tha t have a

reduced susceptibility to fluconazole.^^ A m ong  HIV- 
infected patients the num ber  o f  episodes of  candidosis 
and  the  duration  o f  f luconazole therapy have been 
repor ted  as independent pred ic tors  o f  f luconazole resis­
tance.^^ In addition ,  it has been suggested tha t prolonged 
or repeated exposure to low dose fluconazole, as opposed 
to high dose therapeutic  schedules, was associated with 
emergence and spread o f  C. alhicans  isolates with 
reduced susceptibility.*^ We were unable to show a 
significant association between use o f  anti-fungal drugs 
within the three m o n th s  prior to this study and isolation 
of  yeasts resistant to f luconazole or itraconazole. H o w ­
ever, there are reasons why this may have been so. First,  
whilst s trenuous efforts were m ade  to gain accurate 
inform ation from pat ien ts’ medical practit ioners on 
anti-fungal medication in the preceding three months, 
the  quality  o f  this retrospective inform ation canno t be 
guaran teed . It is also possible that som e of  the  patients 
had  self-medicated with anti-fungal agents. Finally, in a 
recent study o f  the use of  a single course of  i traconazole 
for the trea tm ent o f  d en tu re  stomatitis, we have shown 
long-term shifts in the ora l mycological flora after a 
period o f  three years (submitted for publication). T here­
fore it is likely tha t  the history  o f  anti-fungal usage would 
need to be studied for a period much longer than three 
m o n th s  to determ ine any association.

This study o f  patients with advanced  cancer has 
revealed a high incidence o f  o ra l colonization with 
n o n - C .  albicans yeasts, m any strains o f  which had a 
reduced susceptibility to fluconazole and itraconazole. 
This finding mirrors  closely the  results o f  a recent study 
of ora l and vaginal C andida  isolates from  women infected 
with, or at risk from, H lV .^ I f  this shift does represent the 
result o f  multiple exposure to azole anti-fungal drugs, 
then it is possible that a reduction in the  use o f  prolonged 
low dose or in te rm itten t prescrip tions may help to reverse 
the  t r e n d .H o w e v e r ,  in a g roup  of  patients with the level 
o f  systemic illness studied here, ora l fungal infections will 
con t inue to prove a clinical problem. Im provem ents in
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oral care and  the developm ent o f  m ore effective trea t­
ment regim ens for correction o f  xerostomia are also likely 
to be im p o r ta n t  factors tha t would assist this problem. 
This ap p roach  is reinforced by the finding in this study o f  
a significant rela tionship  between xerostomia and  the 
presence o f  azole resis tant yeasts. The poten tia l role of 
novel an t i- funga l agents, such as eberconazole and 
v o r ic o n a z o le ,^  also merits fu ture  attention.
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Differentiation of Candida dubliniensis from Candida albicans on 
Staib Agar and Caffeic Acid-Ferric Citrate Agar
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The methods currently available for the identification o f the pathogenic yeast Candida dubliniensis all have 
disadvantages in that they are time-consuming, expensive, and/or, in some cases, unreliable. In a recent study 
(P. Staib and J. Morschhauser, Mycoses 42:521-524; 1999) o f 14 C. dubliniensis and 11 C. albicans isolates, it 
was suggested that the ability of C. dubliniensis to produce rough colonies and chlamydospores (chlamydo- 
conidia) on Staib agar (SA) provided a simple means of differentiating it from its close relative C. albicans. In 
the present investigation, we examined the colony morphology and chlamydospore production of 130 C. dub­
liniensis and 166 C. albicans isolates on SA and on the related defined medium caffeic acid-ferric citrate agar 
(CAF). All o f the C. dubliniensis and C. albicans isolates produced chlamydospores on the control medium, i.e., 
rice-agar-Tween agar. However, while none of the C. albicans isolates produced chlamydospores on either SA 
or CAF, 85.4 and 83.8% of the C. dubliniensis isolates produced chlamydospores on SA and CAF, respectively.
All o f the C. albicans isolates grew as smooth, shiny colonies on SA after 48 to 72 h of incubation at 30°C, while 
97.7% of the C. dubliniensis isolates grew as rough colonies, many (65%) with a hyphal fringe. In contrast, 87.4% 
of the C. albicans and 93.8% of the C. dubliniensis isolates yielded rough colonies on CAF. Although the results 
of this study confirm that SA is a good medium for distinguishing between C. dubliniensis and C. albicans, we 
believe that discrimination between these two species is best achieved on the basis of colony morphology rather 
than chlamydospore production.

D ue to the increasing incidence o f fungal infections and the 
recent em ergence of novel opportunistic fungal pathogens, 
there  is a growing need for the developm ent o f simple, rapid, 
and accurate identification m ethods for potential fungal pa tho­
gens recovered in the clinical microbiology laboratory (18). 
This is particularly true o f the newly described yeast spccies 
Candida dubliniensis. A lthough first associated with oral can ­
didiasis in hum an im munodeficiency virus (H lV )-infected  pa­
tients (25), it has m ore recently been recognized as a cause of 
superficial and systemic disease in H IV -negative individuals 
(3, I I ,  16,17, 24, 26). The close genotypic relationship between 
C. dubliniensis and  C. albicans results in their sharing a broad 
range of phenotypic characteristics, which ham pers the accu­
ra te  and rapid differentiation o f the two species (23). A lthough 
the majority o f C. dubliniensis isolates are  susceptible to cur­
rently used antifungal drugs, it has been shown that isolates of 
this species, unlike C. albicans, can rapidly develop stable re­
sistance to fluconazole upon exposure in vitro (12, 13). This 
ability, the em ergence of C. dubliniensis worldwide, its growing 
im portance as a cause of systemic disease, and the introduction 
of novel antifungal agents all indicate tha t a thorough investi­
gation o f the incidence and epidem iology of C. dubliniensis is 
required. In o rd e r to  be able to achieve this, simple and reli­
able tests for differentiating C. dubliniensis from C. albicans

*  C o rre s p o n d in g  a u th o r .  M ailin g  ad d re ss : U n ivers ity  o f  D ub lin , M i­
c ro b io lo g y  R e.search  U n it, D e p a r tm e n t o f  O ra l M ed ic in e  an d  O ra l 
P a th o lo g y , Schoo l o f  D e n ta l S c ien ce, T rin ity  C o lleg e , D u b lin  2, R e ­
p u b lic  o f  Ire la n d . P h o n e : 353 1 6127276. Fax: 353 1 6127295. E -m ail: 
d c o le m a n @ d e n ta l .tc d .ie .

need to be developed. T he “gold stan d ard ” m ethods for the 
identification o f C. albicans a re  based on its ability to produce 
germ tubes and chlam ydospores (chlam ydoconidia) on appro ­
priate nu trien t media. However, since C. dubliniensis also p ro ­
duces these structures, many isolates o f C. dubliniensis have 
been misidentified as C. albicans (4, 14, 15). T herefore, in 
o rder to perform  urgently required  epidem iological studies of 
C. dubliniensis infections, there  is a need to  develop inexpen­
sive, accurate, and easy to perform  tests th a t will allow the 
differentiation o f isolates o f the two species which have been 
recovered from clinical sam ples. In this regard , a variety of 
procedures have been developed and assessed in laboratories 
around  the world, including, am ong others, colony color on 
C H R O M agar C andida m edium  (19), lack o f growth at 45°C 
(16), im m unofluorescence (1), carbohydrate assim ilation p ro ­
files (15), p-glucosidase activity (2), coaggregation with Fuso- 
bacterium nucleatum  (8), and PC R  tests (5). Som e o f these 
tests (e.g., PC R ) are very reliable but are not yet used routinely 
by many clinical microbiology laboratories, while o thers rely on 
reagents which are no t widely available (e.g., im m unofluores­
cence with anti-C. dubliniensis antibodies) and yet o thers (e.g., 
colony color on C H R O M agar C andida m edium ) are  unreli­
able. In the original description of C. dubliniensis, it was noted 
th a t this species produces much higher num bers o f chlam ydo­
spores than C. albicans when grown on rice-agar-Tw een agar 
(R A T; 25) but subsequent studies have shown that this trait 
does not provide a definitive m eans o f differentiating betw een 
the two species (9). In a recent study o f 14 C. dubliniensis and 
l i e .  albicans strains, Staib and M orschhauser (21) reported  
tha t colony m orphology and  chlam ydospore production by
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TABLE 1. C. duhUniensis and C. albicans isolates used in this study

Y e a s t  sp e c ie s  
a n d  c o u n try  
o f  iso la tio n

N o . o f  
iso la te s

C h la m y d o s p o re  p r o d u c t io n  
(n o . o f  iso la te s )

S A C A F R A T
S o u rc e  o r  
r e f e r e n c e

C. duhU niensis^
A r g e n t in a 1 1 0 1 0 1 0 24
A u s t r a l i a 1 0 1 0 1 1 0 25
B e lg iu m 5 5 0 5 0 5 0 1 6

C a n a d a 6 4 2 5 1 6 0 16
F in la n d 1 1 0 1 0 1 0 16
F r a n c e 9 5 4 8 1 9 0 T h is  s tu d y
G e r m a n y 4 4 0 3 1 4 0 16
G r e e c c 1 1 0 1 0 1 0 16
I n d ia 1 1 0 1 0 1 0 T h is  s tu d y
I s ra e l 3 1 2 3 0 3 0 17
I re la n d 41 3 6 5 3 6 5 41 0 16, 2 5 , th is

J a p a n 1 1 0 1 0 1 0

s tu d y  
T h is  s tu d y

M a lta 3 3 0 3 0 3 0 T h is  s tu d y
N o rw a y 5 4 1 0 5 5 0 T h is  s tu d y
S p a in 5 5 0 4 1 5 0 1

S w itz e r la n d 3 3 0 2 1 3 0 23
U n i t e d  K in g d o m 18 16 2 16 2 18 0 16
U n i t e d  S ta te s 2 2 2 0 2 19 3 2 2 0 15, th is  s tu d y

T o ta l 130 1 1 1 19 109 2 1 130 0

C. alh icans“
A u s t r a l ia J 0 1 0 1 1 0 16
H o n g  K o n g 6 0 6 0 6 6 0 16
I re la n d 61 0 61 0 61 61 0 16, th is  s tu d y
U n i t e d  K in g d o m 2 0 2 0 2 2 0 16
U n i t e d  S la te s 96 0 96 0 96 9 6 0 15

T o ta l 166 0 166 0 166 166 (I

" C. duhUniensis ty p e  s tr a in  C D 3 6  (2 5 ) p r o d u c e d  a b u n d a n t  c h la m y d o s p o re s  o n  
all t h r e e  m e d ia , w h e re a s  C. albicans  r e f e re n c e  s tr a in s  1 3 2 A  ( s e ro ty p e  B) (6 ) a n d  
179A  (se ro ty p e  A )  ( 6 ) o n ly  p ro d u c e d  c h la m y d o s p o re s  o n  R A T

C. duhUniensis on Staib agar (SA; a m edium  originally devel­
oped for the identification o f Cryptococcus ncoformans) could 
form the basis o f a sim ple and accurate test for distinguishing 
this species from C. albicans.

In the present study, we evaluated the usefulness o f colony 
m orphology and chlam ydospore production on SA and on 
caffeic acid-ferric c itra te  agar (CA F; a defined m edium also 
developed to  aid in the identification o f C. neoformans) as a 
m eans o f differentiating C. albicans from C. duhUniensis using 
a large collection o f C. duhUniensis isolates recovered from 
individuals in 18 different countries around  th e  world.

M A T E R IA L S  A N D  M E T H O D S

Y e a s t  iso la te s .  T h e  y e a s t  iso la te s  a n d  r e f e r e n c e  s tr a in s  u se d  in th is  in v e s tig a ­
t io n  a re  lis te d  in T a b le  1. A  to ta l  o f  2 9 6  iso la te s  w e r e  s tu d ie d ,  in c lu d in g  130 

C. duhUniensis iso la te s  a n d  166 C  albicans  iso la te s . A ll iso la te s  w e re  f ro m  th e  

c u ltu re  c o lle c tio n  o f  t h e  M ic ro b io lo g y  R e s e a rc h  L a b o ra to ry ,  D e p a r tm e n t  o f  O ra l 

M e d ic in e  a n d  O ra l  P a th o lo g y , S c h o o l o f  D e n ta l  S c ie n c e , T r in i ty  C o lle g e , U n i ­
v e rs ity  o f  D u b lin , D u b lin , R e p u b l ic  o f  I re la n d .  E a c h  iso la te  w as o r ig in a lly  re ­

c o v e re d  f ro m  o n e  o r  m o re  s p e c im e n s  f ro m  a  s e p a r a te  in d iv id u a l,  a n d  its id e n ti ty  

w a s  c o n firm e d  u s in g  th e  A P I ID  3 2 C  (b io M e rie u x , M a rc y  I’E to ile ,  F ra n c e )  y east 
id e n tif ic a t io n  sy s te m , g ro w th  a t  4 5 °C , a n d  P C R  a n a ly s is  w ith  C. duhliniensis- 
sp e c if ic  p r im e rs  (5 , 15, 16).

C h e m ic a ls ,  e n z y m e s , a n d  o l ig o n u c le o tid e s . A n a la r - g r a d e  o r  m o le c u la r  b io lo g y  
g ra d e  c h e m ic a ls  w e re  p u rc h a s e d  f ro m  S ig m a -A ld ric h  o r  B D H  (P o o le , D o rs e t,  

U n h e d  K in g d o m ). E n z y m e s  w e r e  p u rc h a s e d  f ro m  R o c h e  D ia g n o s tic s  L td . 
( Ix w e s ,  E a s t S ussex , U n i te d  K in g d o m )  o r  th e  P ro m e g a  C o r p o r a t io n  (M a d is o n , 
W is .)  a n d  u se d  in a c c o rd a n c e  w ith  th e  m a n u f a c tu r e r ’s in s tru c t io n s . C u s to m -

s y n th e s iz e d  o l ig o n u c le o t id e s  w e r e  p u r c h a s e d  f ro m  S ig m a -G e n o s y s  B io te c h n o lo ­

g ie s  (P a m p is fo rd ,  C a m b rid g e , U n i te d  K in g d o m ).
C u l tu r e  m e d ia  a n d  g ro w th  c o n d it io n s .  S to c k  c u ltu r e s  o f  y e a s t  iso la te s  w e re  

m a in ta in e d  o n  p la s t ic  b e a d s  in  P r o te c t  c ry o v ia ls  (T e c h n ic a l  S e rv ic e  C o n s u lta n ts  

L td .,  L a n c a sh ire , U n i te d  K in g d o m )  a t -8 0 ® C . F o r  e a c h  iso la te ,  tw o  o r  th re e  

p la s t ic  b e a d s  w e re  r e m o v e d  f ro m  th e i r  r e sp e c tiv e  c ry o v ia ls  u s in g  a  s te r i le  p la s tic  

lo o p ,  a llo w e d  to  th a w , a n d  th e n  u s e d  to  in o c u la te  p o t a to  d e x tro s e  a g a r  (P D A ; 

O x o id )  m ed iu m . F o r ty -e ig h t-h o u r -o ld  P D A  m e d iu m  c u ltu re s  g ro w n  a t  3 7 °C  w e re  
u se d  as  th e  s o u rc e  o f  in o c u lu a  fo r  s u b s e q u e n t  e x p e r im e n ts  w ith  S A  a n d  C A F . S A  

(2 0 ) a n d  C A F  (7 )  w e re  p r e p a r e d  f re s h  as  d e s c r ib e d  p re v io u s ly  a n d  u se d  im m e ­

d ia te ly . S A  w as p r e p a r e d  by  f irst m a k in g  a n  a q u e o u s  e x tr a c t  o f  G uizotia ahys- 
sinica  s e e d  (P o w e r  S e e d s , K ild a re , R e p u b l ic  o f  I r e la n d )  b y  p u lv e r iz in g  5 0  g  o f  
s e e d  in  a  M o u lin e x  B 5 7  d o m e s t ic  b le n d e r  fo r  2 .5  m in  a n d  th e n  a d d in g  th e  g ro u n d  

s e e d s  to  1 l i te r  o f  d is t il le d  w a te r ,  fo llo w e d  b y  b o ilin g  f o r  30  m in . T h e  s e e d  e x tra c t  

w as c o o le d  a n d  f i l te re d , a n d  th e  fo llo w in g  in g re d ie n ts  w e re  a d d e d :  g lu c o se , 1 g; 

K H 2 P O 4 , 1 g ; c r e a t in in e ,  1 g. T h e  p H  w as a d ju s te d  to  5 .5 , th e  v o lu m e  w as 

r e a d ju s te d  to  1 l i te r ,  a n d  15 g  o f  a g a r  (D ifc o )  w as th e n  a d d e d  b e fo r e  a u to c la v in g . 

T h e  c o m p o s i tio n  o f  C A F  ( p e r  l i te r )  w as as  fo llow s: N H S O 4 , 5 g ; g lu c o se , 5 g; 

y e a s t  e x tra c t,  2 g; K 2 H P O 4 , 0 .8  g; M g S 0 4  ■ 7 H 2 O , 0 .7  g; ca ffe ic  a c id , 0 .1 8  g; 

c h lo ra m p h e n ic o l ,  0 .05  g; f e r r ic  c i t r a te ,  0 .0 0 2  g.

A  4 8 -h -o ld  s in g le  c o lo n y  f ro m  a  P D A  m e d iu m  p la te  c u ltu r e  o f  e a c h  iso la te  to  

b e  te s te d  w as s e p a r a te ly  s t r e a k  in o c u la te d  w ith  a s te r ile  w ire  lo o p  o n to  S A  a n d  

C A F , re sp e c tiv e ly , c o n ta in e d  in 9 0 -m m -d ia m e te r  p e tr i  d ish e s  (25  m l o f  a g a r  p e r  
p la te )  a n d  in c u b a te d  a t 30®C fo r  72  to  120 h. G ro s s  c o lo n y  m o rp h o lo g ic  f e a tu re s  

w e re  e x a m in e d  v isu a lly  o n  b o th  m e d ia  a t  24 -h  in te rv a ls ,  a n d  th e  d a ta  w e re  

r e c o r d e d .  Y e a s t  c o lo n ie s  w e r e  a lso  e v a lu a te d  m ic ro sc o p ic a l ly  to  d e te c t  th e  p r e s ­
e n c e  o r  a b s e n c e  o f  c h la m y d o s p o re  fo rm a tio n  fo llo w in g  4 8  to  120 h  o f  in c u b a tio n  

o n  S A  a n d  o n  C A F . F o r  e a c h  iso la te ,  10 w e l l- s e p a ra te d  s in g le  c o lo n ie s  w e re  

c h o s e n  a t  ra n d o m  a n d  s ta in e d  by th e  a d d it io n  o f  1 d r o p  o f  1 %  (w t/v o l)  lac to -  
p h e n o l  c o tto n  b lu e  s ta in  ( 1 0 ) to  e n h a n c e  th e  d e te c t io n  o f  c h la m y d o s p o re s .  

L a c to p h e n o l  c o tto n  b lu e  p re fe re n t ia l ly  s ta in s  c h la m y d o s p o re s  m o re  in te n se ly  
th a n  s u s p e n s o r  c e lls , p s e u d o m y c e liu m , a n d  b la s to s p o re s  (b la s to c o n id ia ;  2 5 ). C o l­

o n ie s  w e re  a llo w e d  to  s ta in  fo r  5 m in  a n d  th e n  c o v e re d  w ith  s te r i le  g lass  c o v e r-  
s lip s  a n d  e x a m in e d  m ic ro sc o p ic a lly  u n d e r  b r ig h t-f ie ld  i l lu m in a tio n  u s in g  a X 4 0  
o b jec tiv e . P la te s  c o n ta in in g  iso la te s  th a t  d id  n o t e x h ib it d e te c ta b le  c h la m y d o ­

s p o re  fo rm a tio n  w ith in  1 2 0  h  w e re  r e - e x a m in e d  fo llo w in g  f u r th e r  in c u b a tio n  at 
in te rv a ls  o f  24 h  fo r  u p  to  3 w e e k s  in to ta l .  A ll iso la te s  w e re  a ls o  te s te d  fo r  

c h la m y d o s p o re  f o rm a tio n  o n  R A T  ( b io M e r ie u x )  a s  d e s c r ib e d  p re v io u s ly  (2 5 ).

A ll o f  th e  iso la te s  in c lu d e d  in  th is  s tu d y  w e r e  e x a m in e d  o n  S A  a n d  C F A  o n  a t 
le a s t  tw o  s e p a r a te  o c c a s io n s  w ith  d iffe re n t  b a tc h e s  o f  m e d iu m  p r e p a r e d  fro m  
d if fe re n t  lo ts  o f  re a g e n ts .

RESULTS AND D ISCUSSIO N

Growth of Candida isolates on SA and CFA. All 296 yeast 
isolates grew on both SA and C A F and yielded grey-white 
colonies. O n SA, all o f the 166 C. alhicans isolates tested  p ro ­
duced sm ooth, shiny colonies after 48 h o f incubation (Fig. la ) . 
In all but th ree isolates, the colonies w ere found upon m icro­
scopic exam ination to  be com posed only o f blastospores. C ol­
onies o f the th ree isolates consisted mainly o f b lastospores with 
a few pseudohyphal elem ents after 48 and 72 h o f incubation. 
Sim ilar findings w ere observed after 96 and 120 h o f incuba­
tion.

In  contrast, 127 (97.7% ) of the 130 C. duhUniensis isolates 
tested  on SA yielded rough colonies, the majority (84; 64.6%) 
o f which also exhibited a hyphal halo or fringe around the 
colonies visible to  the naked eye after 72 h o f incubation (Fig. 
lb ) . T he rough colonies w ere com posed o f mycelial forms (p re­
dom inantly pseudohyphae) and blastospores. T he  th ree  re ­
m aining C. duhUniensis isolates (two from Norway and one 
from Canada) produced smooth, shiny colonies on SA that were 
sim ilar in appearance and com position to those of C. albicans 
isolates, even after 2 weeks o f incubation. T he identity o f these 
iso lates as C. duhUniensis w as reconfirm ed  using  PC R  w ith 
C. duhliniensis-specific prim ers, by carbohydrate assimilation 
profile analysis with the A PI ID  32C system, and by absence of
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FIG. 1. M orphological appearance of C. dubliniensis and C. albicans colonies on SA following 72 h o f incubation at 30°C. (a) Smooth, shiny 
colonies exhibited by C  albicans strain I32A (6). (b) Rough colonies exhibited by C  dubliniensis strain CD36 (25) displaying a hyphal fringe or 
halo.

growth at 45°C. A part from these th ree  isolates, the difference 
betw een the C. dubliniensis and C. albicans isolates was par­
ticularly evident on SA after 48 h o f incubation, and becam e 
fu rther enhanced  after 72 h o f incubation, in the area o f heavy 
culture grow th w here the prim ary inoculum  was streaked (i.e., 
the C. dubliniensis cu lture growth appeared  rough and the 
C. albicans cu ltu re  growth appeared  sm ooth and shiny). These 
findings indicated  that the different colony morphologies ex­
hibited by isolates o f C. dubliniensis and C. albicans w ere due 
predom inantly  to  the production of mycelial forms by C. dub­
liniensis isolates. These results confirm the findings recently 
reported  by Staib and M orschhauser (21) that SA can be used 
as a useful m eans to  discrim inate betw een isolates o f C. dub­
liniensis and C. albicans. However, the m ethod is not absolute, 
as a small m inority (3 [2.3%]) o f the 130 C. dubliniensis isolates 
tested  w ere indistinguishable from C. albicans based on colony 
m orphology on SA,

Several isolates each of C. tropicalis, C. glabrata, and C. pam - 
psilosis w ere also tested  on SA in o rder to determ ine w hether 
they could be  distinguished from isolates of C. albicans and 
C. dubliniensis. T he five oral C. glabrata isolates tested yielded 
sm ooth, grey-white colonies similar to those of C. albicans on 
this m edium . Furtherm ore , o f the five C. tropicalis isolates 
tested, th ree  yielded rough colonies similar to those o f C. dub­
liniensis and two yielded sm ooth colonies sim ilar to  those o f 
C. albicans. O f the six C. parapsilosis isolates tested, four yield­
ed sm ooth, shiny colonies sim ilar to  those of C. albicans and 
two yielded rough colonies similar to those o f C. dubliniensis. 
These findings indicated tha t it would not be possible to iden­

tify colonies of C. albicans and C. dubliniensis on SA based on 
colony morphology alone following prim ary isolation from a 
clinical specim en. T herefore , we propose that SA be used 
to assess clinical isolates which have been shown to be germ 
tube positive or to confirm the identity o f C. dubliniensis iso­
lates presum ptively identified following prim ary isolation on 
C H R O M agar C andida m edium  or by o th er means. T he use of 
SA to differentiate C. dubliniensis and  C. albicans isolates has 
a num ber o f advantages over carbohydrate assim ilation profile 
analysis. Firstly, the use o f SA  is considerably less expensive. 
Secondly, it is am enable to the analysis o f large num bers of 
isolates. Finally, w hereas the databases used with many of the 
comm only used com m ercial yeast identification systems (e.g., 
the bioM erieux A PI 20C A U X  and ID  32C systems) have been 
updated  in recen t years to include C. dubliniensis profiles, they 
are  far from  com prehensive. In this regard, recent studies have 
highlighted the necessity to revise the databases to  im prove the 
accuracy o f identification o f C. dubliniensis (15).

SA was originally developed as a m eans o f identifying colo­
nies o f C. neoformans, which, unlike o th er m em bers o f this 
genus, develops dark pigm entation on this m edium . Strachan 
et al. (22) dem onstrated  tha t similar results could be obtained 
on a growth m edium  containing caffeic acid extracted from 
G. abyssinia seeds. Since SA was found to be excellent for dis­
tinguishing betw een C. dubliniensis and C. albicans, we inves­
tigated the usefulness o f the m ore defined C A F to differentiate 
betw een isolates o f these species. O f the 166 C. albicans iso­
lates included in the study, 145 (87.4% ) yielded rough colonies 
with a mycelial halo visible to  the naked eye after 5 days
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TA BLE 2. Chlamydospore production by C. dubliniensis 
isolates" on SA  and CAF

M edium  and  chlam ydo- N o. of
s p o re  p ro d u c tio n  isolates

SA
+ ............................................................................... i i r
 - .......................................................................................................... 19“'

CAF
+ .........................................................................................................................................  109^
 -   2!^

SA + CAP'’
+ .......................................................................................................... 83
- .......................................................................................................... 3

“ 130 iso la tes w ere studied.
R efe rs  to  iso lates tiia t w ere ch lam ydospore positive on both SA  and C A F  o r 

ch lam ydospore negative on bo th  m edia.
28 iso lates w ere  negative on  CA F.

''  16 iso lates w ere  positive on CA F.
 ̂26 isolates w ere negative on SA.

f  18 isolates w ere positive on SA.

incubation. T he rem aining 21 (12.6% ) isolates yielded sm ooth, 
nonshiny colonies on this medium . In comparison, 122 (93.8% ) 
o f the 130 C. dubliniensis isolates, including the 3 isolates which 
exhibited a sm ooth-colony phenotype on SA, yielded rough 
colonies with a mycelial halo after 5 days of incubation. The 
rem aining eight (6.2% ) isolates yielded rough colonies w ithout 
a mycelial halo. Colonies of the C. dubliniensis isolates were 
noticeably sm aller (~ 2  mm in diam eter) than the C. albicans 
colonies (~ 3  mm) after 5 days o f incubation on CAF. These 
findings indicated that, unlike that on SA, colony morphology 
on C A F could not be used to differentiate between C. duhlini- 
ensis and C. albicans isolates.

C hlam ydospore production on SA and CAF. N one of the 
166 C. albicans isolates tested  produced chlam ydospores on SA 
or CAF, even after prolonged incubation periods o f up to 3 
weeks (Table 1). In contrast, all isolates produced chlam ydo­
spores within 48 to 72 h on RAT. Similarly, all 130 o f the 
C. dubliniensis isolates form ed chlam ydospores on R A T  but 
not all produced chlam ydospores on either SA or C A F (Tables 
1 and 2). A total o f 111 (85.4% ) o f the 130 C. dubliniensis 
isolates form ed chlam ydospores on SA, and 100 (90.1% ) of 
these 111 produced abundant chlam ydospores within 72 h, 
w hereas 11 (9.9% ) o f them  produced relatively few chlam ydo­
spores, which w ere only detected  following incubation periods 
of up to a week. Similarly, 109 (83.8% ) of the 130 C. dublini­
ensis isolates produced chlam ydospores on CAF, all but 5 
within 120 h (Tables 1 and 2). Eighty-three (63.9%) of the 
C. dubliniensis isolates produced chlam ydospores on both SA 
and CAF, w hereas the rem ainder produced chlam ydospores 
on one or the o ther medium only (Table 2).

On the basis o f these data, we agree with Staib and M or­
schhauser tha t growth on SA is an efficient means of discrim­
inating betw een C. dubliniensis and C. albicans. However, our 
results suggest that colony morphology, ra ther than chlam ydo­
spore form ation, is a m ore accurate criterion for species iden­
tification, since a significant proportion  of C. dubliniensis iso­
lates failed to produce chlam ydospores on SA. T he disparity 
between our data and tha t of Staib and M orschhauser could be 
due to either different supplies of G. abyssinica seed, to seed of 
different ages, o r to seed storage conditions. However, the

most likely explanation lies in the larger and m ore diverse 
group of C. dubliniensis isolates exam ined in the presen t study.

SA is inexpensive and readily available in many clinical my­
cology laboratories and provides a simple test for the accurate 
differentiation o f C. dubliniensis from  C. albicans. W e propose 
that colony morphology on SA is a reliable and inexpensive 
phenotypic test for confirming the identification o f C. dublini­
ensis and will be of benefit for researchers in terested  in study­
ing the incidence and epidem iology o f this em erging pathogen. 
W e suggest that germ tube-positive oral isolates from  H IV - 
positive and A ID S patients, as well as germ  tube-positive iso­
lates from sterile sites from other immunocompromised groups, 
should be tested  on SA in association with o ther phenotypic 
tests for C. dubliniensis.

T he m olecular basis of the phenotypic differences observed 
betw een  C. dubliniensis and  C. albicans follow ing grow th on 
these m edia has yet to be established. However, com parative 
analysis o f gene expression on these media could prove helpful 
in increasing our understanding of dim orphism  in these spe­
cies.
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