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Abstract

Oropharyngeal candidiasis is an opportunistic infection associated with

immunocompromisation. Despite recent reports of a decline in the prevalence of this oral

infection with HAART (highly-active antiretroviral therapy) treatment of HIV infection, it

continues to be a significant cause of morbidity in this patient group. There have been

numerous studies investigating the epidemiology of Candida infection and the taxonomic

structure of the genus. This study assesses the systematics (ie., taxonomy, phylogeny and

epidemiology) of thirteen Candida species of medical importance using type and reference

strains plus isolates obtained from 101 HlV-positive individuals and 20 HlV-negative

asymptomatic carriers. The techniques used were allozyme electrophoresis at 15-20

independent enzyme loci and sequence comparisons within the 165, ITS1, ITS2 and 5.8S

rRNA regions. The results of this study have confirmed the existence of a number of

distinct species but, as previous studies have also reported, questions the validity of the

genus Candida. This conclusion is made on the basis of the extent of genetic variation

observed between Candida species and the close relationships between some Candida

species and species of other fungal genera. Of epidemiological significance, the study

supports the theory that oropharyngeal candidiasis is opportunistic with isolates from HIV-

positive patients being genetically interspersed with isolates from asymptomatic carriers.

Additionally, the strain infecting a patient changes as frequently as weekly, many patients

are co-colonised by multiple strains and different strains can be isolated from multiple

concurrent lesions. V/hilst the results of this study have not resolved many of the

epidemiological and taxonomic issues still under debate, they have provided a

comprehensive framework that can be used to build our understanding of the complex

interactions between strains of Candida, antifungal therapy, HfV treatment, the immune

response and the oral cavity.
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1 INTRODUCTION

Since their description in the five-kingdom system of Whittaker (1969), the taxonomy

and phylogenetics ofthe kingdom Fungi have not been unequivocally resolved. The Fungi

comprise a broad range of morphological and biochemical variants which has led to a

taxonomy where organisms are excluded, rather than included, from taxa. This has made

Fungi one of the most phenotypically and genetically diverse groups of organisms on this

planet. Despite the confusion, their prevalence in infection make Fungi the focus of many

epidemiological investigations. These investigations provide a foundation for research of

the systematics of Fungi. As Whitehead (1990) stated "no biological study is worth the

paper it is written on unless informed, if not by systematics, then by its subdiscipline

taxonomy, while systematics as a whole provides the unifying structure around which all

biological exploration must be built.".

Systematics comprises three subdisciplines: phylogenetics, or ancestral relationships

between taxa; taxonomy, or organization of organisms into discrete groups (taxa i.e.,

Kingdoms to subspecies); and nomenclature, or designation of names to the taxa described.

The accuracy of a systematic framework is dependent on the organisms included in the

investigation. Each taxon should be represented by a number of organisms and the taxa

should be representative of the taxonomic range under investigation. This requires the

inclusion of representative isolates from closely related taxa as well as outgroups to define

the outer taxonomic limits of the organisms under investigation such as from the next most

closely related species or genus.

The vast array of organisms within the Kingdom Fungi provides an ideal opportunity to

construct accurate models on the evolution of higher life forms. Fungi are easier and faster

to cultivate than plants and animals, they can be genetically manipulated and, like bacteria,

they are relatively simple organisms in which the effects of environment and genetic

manipulation on biological characteristics can be determined. Theories on the mechanisms

of evolution and gene and protein function can then be applied to the other more complex

eukaryotic Kingdoms.

For the purpose of this thesis, the introductory Chapter includes background on the

current taxonomy of fungi with particular reference to the genus Candida, the most

prevalent fungal species in human infection. The genus is described in the context of
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biochemical, morphological and genetic variation between and within the currently

described medically relevant species, their clinical importance, risk factors for infection,

prevalence, and antifungal susceptibilities. Particular attention is paid to the species C.

albicans, the cause of up to 80Vo of clinical infections and, consequently, the focus of the

majority of Candida research.

1.1 The Kingdom Funsí - taxonomy and phylogeny

Genetic evidence, predominantly sequence comparisons of the genomic small subunit

ribosomal RNA gene, has suggested that the Kingdom Fungi were derived approximately

965 million years ago (Doolittle et al. 1996). This occurred soon after animals and plants

diverged, with fungi forming a distinct lineage within the eukaryota, which is more closely

related to animals than plants (Kuma et al. 1995, Doolittle et al. 1996) (Figure 1.1 p., 3).

However, this branching pattern for the three eukaryotic Kingdoms is not supported by

analysis of sequence data using the gene for RNA polymerase tr. These results suggest that

plants and animals are more closely related to each other and that fungi diverged earlier than

either of them (Sidow and Thomas 1994). Loomis and Smith (1987) pointed out that, when

comparing sequences with wide variations in the G+C content of DNA, the accuracy of

phylogenetic reconstruction is compromised. They suggested that protein trees based on

amino acid sequences, which are less variable, provide a more accurate relationship.

According to such a tree based on the amino acid sequence of elongation factor- 1-alpha, the

closer genetic proximity of Fungi and Animali¿ is evident (see Hasegawa et al. 1993).

The conflicting branching patterns of eukaryotes have not yet been unequivocally

resolved, a taxonomic quandary also reflected in lower hierarchical taxa of these Kingdoms.

The ability to accurately identify organisms has been particularly problematic for

microparasites, which comprise bacteria, viruses, fungi and protozoa (see Anderson and

l|l4ay 1979; Anderson and May I99l). Taxonomists have previously relied on a few

morphological and biochemical characters in these organisms for their identification. This

is not such an issue for multicellular, more complex organisms with a range of overt

identifying characteristics. The approach becomes problematic when dealing with more

simple, sometimes unicellular, organisms with limited morphological and biochemical

variability,which are usually subjectively interpreted. These conflicts are more pronounced

in the Kingdom Fungi, where the taxa within it have been defined on the basis

2



1 billion years ago

965 million years ago

Plants Animals Fungi

Figure 1.1; Times of divergence of the major eukaryotic lineages estimated using a

protein clock (after Doolittle et al.1996)
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of overlapping and ambiguous morphological and biochemical characters. These

characters, such as appearance, ability to mate, and habitat, are more obvious and

discriminatory in animals and plants, which has allowed them to be grouped more

accurately in most cases. The discriminatory power of these morphological and

biochemical characters is reflected in the high degree of genetic correlation provided for

taxonomic divisions within these latter Kingdoms since the introduction of molecular

biological techniques.

1.1.1 Definitions

Fungi are morphologically defined as eukaryotic cells that lack chlorophyll and can exist

in a unicellular or multicellular form. Moulds are filamentous, whereas yeasts are

unicellular. Moulds and yeasts are separated morphologically, but not taxonomically (i.e.,

both moulds and yeasts can be found within the same taxonomic group). Moulds and yeasts

can exist in sexual (sporulating, meiosis) and asexual (conidia or vegetative cells, mitosis)

forms. Spore formation is the traditional basis for taxonomic division, with fungi being

named according to their morphological appearance and classified into the corresponding

phyla Basidiomycota, Ascomycota, Chytridiomycota and Zygomycota, Although not all of

the corresponding states for each species have been identified, it is assumed that for every

asexual state (anamorph) there is also a sexual state (teleomorph). The two states of an

organism comprise the holomorph.

Fungi in the teleomorphic state may be heterothallic, that is, existing in more than one

mating type where two different types, usually + and -, need to be present for sexual

reproduction; or homothallic, where only one mating type exists. Teleomorphs are usually

only generated in the laboratory through the mating of compatible strains, which can be

influenced by changes in environmental conditions such as nutrient availability, temperature

and pH.

Molecular biology has led to the development of new tools to investigate the genetic

relationship between morphologically diverse fungi, which has provided evidence of

associations between anamorphs and teleomorphs. There have, however, been cases where

more than one anamorph has been associated with a single teleomorph, for example

Pseudalleschería boydii with Scedosporium and Graphium, where the two anamorphs are

called synamorphs. The reverse has also been noted where two teleomorphs are associated

with a single anamorph. Although the single anamorph or teleomorph, currently described
4



in these situations appears succinct according to traditional phenotypic identification

characters, it may eventually be divided into two genetically distinct species with each being

associated with a different synamorph. This relationship can more accurately be resolved

using a combination of morphological, biochemical and genetic characters.

1.1.2 The importance of accurately identifying organísms

A fundamental issue that underpins our understanding of the biology of organisms is our

ability to accurately and unequivocally identify and characterize them. The information

used to define one organism allows the subsequent identification of others. The name given

to an organism brings with it a range of biological information relating to its prevalence,

survival, clinical importance and interactions with other organisms. For example, the

isolation and diagnosis of a bacterial species from a clinical infection brings with it

information on its pathogenicity, potential source of infection, the anticipated infection

outcome, appropriate treatment regimes and transmission of the organism. "The accuracy

of this deduced information depends on the accuracy of identification, species homogeneity

and accuracy in attributing these characters to species; its scope depends upon accumulated

case reports of infections caused by the organism." (Magee 1993). Inaccuracy in the

systematics of organisms can lead to improperly defined taxa and extreme variation in their

defining characters due to the inappropriate grouping of unrelated organisms.

The introduction of molecular biology techniques has provided the opportunity to

compare an immense new range of characters with variable diversity and universal

applicability. Sequences of some genes are highly conserved and have been implemented

for genus and species level investigations, such as the ribosomal RNA genes (Bruns et al.

1992). The small subunit ribosomal RNA gene (165 rRNA in prokaryotic cells, 18S rRNA

in eukaryotic cells) has become a target for the design of species-diagnostic kits for some

microorganisms. Other sequences are quite diverse at the individual level (eg., internal

repeat sequences, microsatellites) and have been suggested as particularly useful in

determining the epidemiology of infection (eg. Metzgar et al. 1998). Problems in using

molecular characters for systematics arise when different genes or genetic methods that

supposedly resolve genetic relationships at the same taxonomic level yield conflicting

results. Specific examples exist for Baobab trees (Baum et al. 1998) Salmonella (see

Christensen and Olsen 1998), garter snakes (Dequeiroz and Lawson 1994), red algae (Liaud

et aI. 1994), Hawaiian crickets (Shaw 1996), bacteria (Huang and Ito 1998) and amniotes

(Huelsenbeck and Bull 1996). Kim and Jansen (1994) found that using a combination of the
5



genes and spacer regions of the nuclear ribosomal RNA region (18S to 25S) of a diverse

range of plants provided a phylogenetic relationship that had the least conflict with the

phylogenies obtained using each individual DNA segment. This suggests that phylogenies

may be more accurately constructed using a number of different sequences with varying

rates of evolution, not just a single gene.

It is also being increasingly noted that the results conflict with the currently accepted

taxonomic structure based on traditional characters (such as platyhelminths (Balavoine

I99l), baobab trees (Baum et al. 1998), Drosophila willistoni (Gleason et al. 1998),

hominids (Ruvolo 1994) Aspergillus (Geiser et al. 1998), frogs (Haas I99l). There are a

number of possible reasons for a lack of congruency between phenotypically and

genotypically defined taxa (genera and species). Phenotypic characters can be controlled by

a different number of genes, from one to a cascade; the genes are not under the same

evolutionary constraints as the characters they encode. Redundancy in the genetic code

allows variation at the gene level without affecting protein function. The phenotypic

characters used may not really be comparable. For example, colony colour may be

controlled differently in genetically unrelated organisms but result in the same appearance.

Biases may be placed upon more interesting or obvious characters when their phylogenetic

and taxonomic utility may not actually be as important (for further discussion see

Stackebrandt (1988).

Conversely, conflicting genetic relationships may have been obtained using genes not

suitable for systematic comparisons. The sequences may evolve too quickly or too slowly,

or there may be segments within the sequence that evolve at different rates. Genetic codes

may match by chance and not through common ancestry. Bases may change back to what

they were previously (reversion) giving the impression that organisms are more closely

related than they actually are. The assumptions underlying specific statistical methods used

for sequence comparisons may be invalid for specific data sets.

Inaccuracy in the systematics of organisms may also be attributed to the inappropriate

selection of organisms chosen to represent a particular taxon. If an organism has been

previously misidentified or has become contaminated with another organism it will severely

compromise the accuracy of the results.
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Prior to debating the utility of one character versus another, the degree of variation that

exists in these characters between and within all of the relevant taxa needs to be determined.

This approach relies on an extensive evaluation of the genetic, biochemical and

morphological diversity within the taxonomic group of interest and those taxa closely

related to it. Inclusion of the next most closely related taxon provides an indication of the

outer limit of genetic, biochemical and morphological variation for the taxon of interest (i.e.,

species, genus, etc.). An accurate systematic framework can be constructed by using the

information provided in this manner together with a range of contemporary and traditional

techniques. Few such studies have been conducted. For example, Baker et aI. (1998) found

that both morphological and molecular characters were valuable in determining

phylogenetic relationships for a range of organisms, with morphological data providing

equal or greater support for the phylogenetic tree derived using both sets of characters and

that the morphological characters were more consistent. In the case of salamanders, the

combined data (morphological and DNA) act synergistically so that good support was

obtained for nearly all of the nodes in the resultant phylogenetic tree (Jackman et al. 1997).

Additionally, concordance between DNA and morphology-based phylogenies for finfoot

birds has been provided upon re-examination of the molecular data and incorporating all

relevant taxa (Houde 1994).

V/ith the high prevalence and clinical importance of fungi in human infection, there has

been a resurgence of interest in determining a more accurate systematic framework. Fungal

systematics is particularly riddled with conflict. These investigations have given rise to two

schools of taxonomic and epidemiological investigation; one based on the traditionally

defined current species and genera, the other based on the genetically defined revised taxa.

These conflicts range from populations up to phyla of fungi and so far have mainly focused

on the small portion of fungi that cause human disease.

1.1.3 Fungøl phyla

The Kingdom Fungi is comprised of four loosely-defined phyla; Ascomycota (sac fungi,

moulds, yeasts eg., Aspergillus, Candida), Basidiomycota (club fungi, mushrooms, rusts,

smuts, jelly fungi eg., Cryptococcus), Chytridiomycota (water moulds eg., Allomyces,

Saprolegnia), and Zygomycota (bread moulds eg., Rhizopus, Mucor). There are also a

number of unclassified fungi. Evolutionary relationships (i.e., phylogenetics) of the four

phyla based on 18S rRNA gene sequence comparisons suggest that the water moulds are

1



basal to the other lineages and that basidiomycetes and ascomycetes are sister taxa within

Fungi (Figure 1.2 p., 9).

V/ith the continued improvement of molecular identification methods, fungal taxonomy

remains in a constant state of revision. The extreme genetic, morphological and

biochemical variation within the Kingdom Fungi makes grouping these organisms into

related taxa difficult and has resulted in the description of numerous indistinct taxonomic

classes with overlapping defining characters. The consequence of this is that, to date, no

single defining character provides unequivocal identification of fungi and therefore, they

should not be used in isolation. Additionally, taxonomic divisions below the phylum level

are confused, often having been formulated using characters that vary in different

environmental conditions. There is also a lack of agreement between the derived

evolutionary history (phylogeny) of fungi using traditional morphological and biochemical

characters and that obtained using contemporary molecular methods (discussed below in

Section I.2 p., 10). Importantly, this is not a phenomenon limited to fungi (Section I.I.2 p.,

s).

1.1.4 Ascomvcota

Members of the Kingdom Fungi are ubiquitous in the environment. Most human

infection is caused by species within the phyla Ascomycota, particularly species of Candida,

and to a lesser extent Basidiomycota (eg., Cryptococcus neoþrmans) and Zygomycota. The

range of environments from which members of these phyla have been isolated, for example

from rivers (Slavikova and Vadkertiova 1991), soil (Vadkertiova and Slavikova 1994), air

(Aidoo et aL 1995), and poultry carcasses (Viljoen et al. 1998), is a reflection of the genetic

and biological diversity of the fungi contained within them.

The phylum Ascomycota is made up of six morphologically and biochemically distinct

classes with overlapping genetic relationships: Archiascomycetes (fission yeast,

Pneumocystis, Taphrina, etc.), Euascomycetes (black yeasts, powdery mildews, morel,

truffle, Penicillium, Neurospora, etc.), Hemiascomycetes (Orders Saccharomycetales

(budding yeasts), unclassified Hemiascomycetes) mitosporic Ascomycota, unclassified

Ascomycota, and unidentified Ascomycota. Members of the phylum Ascomycota have been

charucterized according to traditional characters. Molecular analyses, however, have since

indicated that species in different classes of this phylum are genetically identical

8



holobasidiomycetes

phragmobasidiomycetes
Basidiomycota

hemiascomycetes

euascomycetes

Ascomycota

Zygomycota

Chytridiomycota

Figure 1.2;The evolutionary origin of phyla and orders within the Kingdom

Fungi, based on small subunit ribosomal RNA (18S) gene sequence comparisons

(after Bruns et al.1992)
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morphological variants of each other. These morphological variants comprise anamorphs

(asexually reproducing state) and teleomorphs (sexually reproducing state). This has led to

the description of new phylogenetic relationships that divide or combine current genera

previously differentiated by their morphological and biochemical characters and the

description of holomorphic species. Analyses of the sequences of the small subunit

ribosomal RNA (18S rRNA) gene has confirmed the genetic relatedness of the

Saccharomyces sensu stricto complex and retained it in a single genus, but has separated all

other Saccharomyces species and interspersed them within other ascomycete genera (James

et al. I99l). Cai et al. (1996) have also suggested changes in the phylogenetic relationships

within and across traditional taxonomic phyla. The newly identified network of genetic

proximity spans all taxa within the phylum Ascomycota. The profound effect of this

taxonomic redefinition is further highlighted by the recent discovery of new species,

detection of the misidentification of isolates belonging to existing species and the

description of genetically atypical isolates within species (eg., Anthony et al. 1995; Boerlin

et al. 1995; McCullough et al. 1995).

It has been suggested that pathogenicity in fungi has arisen independently on a number of

occasions from the extent of morphological and genetic variation of fungi that cause human

infection and the range of clinical symptoms they elicit (Bowman et aI. 1992). Despite the

range of yeast species capable of causing human infection, the most predominant species

isolated belong to the genus Candida, within the phylum Ascomycetes.

In a worldwide context, 80Vo of yeast infections are caused by a single species, C.

albicans (see Section I.2.3 p., 14 & Section 1.3 p., 28). It is for this reason that substantial

biomedical and basic biological research has focused on this genus. Despite this concerted

research effort, the ability to accurately diagnose (ie., identify the causative agent) and treat

fungal infections remains confounded by the taxonomic confusion and biomedical

controversies, as discussed above.

1.2 The genus Candídø (Berkhout)

As mentioned previously (in Section I.1.2 p.,5), the most important piece of information

that can be obtained from an infection is the identity of the causative organism/s. Once this

has been determined, clinical outcome can be predicted and an appropriate treatment regime

10



can be suggested. This becomes extremely difficult when there are no accurate and

unequivocal methods by which to identify an organism.

In the case of Candida, there are currently two hundred and eleven species (one-hundred

and ninety-six species in 1984 (listed in Kreger van Rij 1984) plus 20 others recently

renamed or newly described) (http://www.ncbi.nlm.nih.gov/Taxonomy/tax.html last

accessed 8/OI/02). They were originally grouped together into a single genus because of a

lack of taxonomic characters used to identify species of other genera. The genus is closely

related to the Saccharomyces sensu stricto complex based on cellular characteristics. The

species Saccharomyces cerevisiae is further described in the materials and methods Section

2.1.2.a (p.,50). Isolates from species within the genus Cctndida are the causative agents of

approximately SOVo of opportunistic human yeast infections. These infections occur at a

variety of external and internal sites, particularly in immunocompromised individuals.

Progress in obtaining an accurate systematics for the genus Candida has led to numerous

changes in the taxonomy and diagnostic characters commonly used for species

identification. Howevet, there are a number of traditional characters for genus and species

identification commonly used in a diagnostic context. These morphological and

biochemical characters are described below and were derived from the Mycology Online
'Website, Mycology Unit,'Women's and Children's Hospital, Adelaide, SA;

http ://www.mycology. adelaide.edu. aul (last accessed 8 / 0 I / 02)

1.2.1 Morphology ønd biochemistry of the genus

Candida cells usually exist in the blastoconidia form (ovoid shape) and reproduce by

multilateral budding (i.e., from any position along the cell surface) (Figure 1.3 p., l2).

Pseudohyphae (i.e., elongated cells) may be present, rudimentary or absent, some species

have true mycelia (i.e., branched cells) and the cells may have swollen terminal vesicles

resembling chlamydospores (Odds 1 995).

Species of yeast are excluded, rather than included, from the genus Candida on the basis

of lacking characters that define other ascomycete genera such as the presence of

arthroconidia and a pink, orange or red cell pigment. The genus Candida can be arbitrarily

divided into ten groups based on physiological properties (Kreger van Rij 1984). Due to

variability in characters used to define each of these groups, several species may be assigned
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pseudohyphae blastospores

Figure 1.3; Scanning electron microscope image of C. albicuns CBS 562

grown on Sabouraud's agar (image obtained for this study)
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to more than one group. Additionally, the same species may be defined at a number of

points in the identification key, making the use of every character in this key vital for the

accurate identification of yeasts (Kreger van Rij 1984). None of the groups is mutually

exclusive or formed of natural clusters of species (i.e., from the same source, with obvious

biological similarities). This implies that the taxonomic structure does not reflect the

evolutionary history of the genus.

Genetic analyses have demonstrated that the anamorphs (asexual state) of many Candida

species are genetically identical to the teleomorph (sexual state) of a number of diverse

genera from the phyla Ascomycota (Metshnikowia to Citeromyces) and Basidiomycota

(Leucosporidium, Filobasidium). The anamorph and teleomorph names are interchangeable

but, by convention, if the isolate being described is not in the sexual state (i.e., with

ascospores or basidiospores), the anamorph name is used. The diversity of the teleomorphic

species to which Candida species are genetically related is an indication of the genetic

diversity within this poorly defined genus.

1.2.2 Genetic chøracturtstics of the genus

The morphological and biochemical variation within the genus Candida is also evident in

the genetic variation. The genomic DNA base composition within the genus Candida

ranges from 30 to 66 mol%o G+C and the coenzyme Q systems span Q6 to Q10. This is of

particular relevance when considering that consistency in these characters is ordinarily used

to differentiate bacterial and other fungal genera. Stackebrandt (1988) suggested that this

extreme variability is a reflection of the profound age of the genus Candida when compared

to bacterial genera, which has allowed a longer time for accumulation of mutations.

Conversely, Gtaeset et aI. (1996) suggest that the variation has arisen from the ability of

Candida species to exist both as asexual clonal organisms and to recombine in a sexual

state. Many authors continue to argue the existence of sexual recombination in the Candida

life cycle (eg., Tibayrenc 199J, Vilgalys et al. 1997, Arnavielhe et al. 2000, Tzung et al.

2001).

The genetic code of yeasts in the genus Candida differs from that of all other organisms

in that the codon CUG, which usually encodes leucine, encodes serine (Jukes and Osawa

1996). The reason for this alteration in the genetic code is unclear, but the authors suggest

that this is further evidence of the extreme age of the genus.
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Investigations of the phylogenetic relationships within the genus Candida and related

genera, based on small subunit ribosomal RNA sequences, have resulted in conflicting

taxonomic data for many of the medically-relevant species and the suggestion that the

current taxonomy is incorrect (Barns et al. 1991, Hendriks et al. l99l). Despite both these

studies being based on comparisons of the 18S rRNA gene sequence, the phylogenetic

relationships obtained in each differ, probably because of their different selection of isolates

and representative species. Nevertheless, the genus Candida is not succinct and appears

interspersed with other species from different genera. Comparisons of this single gene have

supported the taxonomic redefinition of teleomorphic and anamorphic states into

holomorphic species due to their genetic identity (eg., Barns et al. I99I). This suggestion

was also made at a recent conference (International Union of Microbiological Societies, D(th

International Congress of Mycology and D('h International Congress of Bacteriology and

Applied Microbiology, Sydney, Australia, 1999), based on sequence analyses of the internal

transcribed regions of the ribosomal RNA gene repeats.

Using sequence data of the large subunit ribosomal RNA (265 rRNA), Kurtzman and

Robnett (1991) investigated the phylogenetic relationships of Candida species and

suggested that many of the traditionally defined species should be combined (e9., C.

viswanathä with C. Iodderae and C. krusei with C. zeylanoides). From these data, it

appears that the large subunit is more conserved than the small subunit and may, in fact,

discriminate above the species level.

The clinical importance of many Candida species has led to an increased desire to

understand how they have arisen, in the hope of determining how particular species became

so predominant or how they acquired their resistance to current antifungals. Their clinical

importance has also allowed numerous isolates to be collected, thus facilitating large-scale

epidemiological investigations. Despite this focus of research, there is still significant

controversy about the relationships between these species and also the most appropriate

methods for their diagnosis at the species level.

1.2.3 Medically-relevent species

There are thirteen Candida species recognized as predominant fungi responsible for a

range of oral, vaginal and systemic infections, particularly in immunocompromised

individuals, such as HfV-positive patients (Fraser et al. 1992, Jordan 1994, Fisher-Hoch and

Hutwagner 1995, Hoepelman and Dupont 1996, Pfaller 1996). This thesis focuses upon
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these medically relevant species, described below in alphabetical order and summarised in

Table 1.1 (p., 16). Although each of these species has been isolated from clinical infection,

only the more prevalent species have been extensively reported and investigated. For this

reason, little is known about the Candida species rarely isolated from clinical infection and

therefore their descriptions in this Section are limited. A key to the morphological and

biochemical (traditional) identification of the thirteen species is in Appendix 1 (Tables 1 &

2). Identifying characteristics were obtained from the Mycology Online web site written by

the Mycology Unit of the Women's and Children's Hospital, Adelaide, South Australia;

http://www.mycology.adelaide.edu.au/ (last accessed 8/0I/02). The GC content of the

genome of each Candida species was obtained from the CBS home page

(http://www.cbs.knaw.nl last accessed 8/01/02). Colonies of these species appear white to

cream, smooth, glabrous and yeast-like on Sabouraud's dextrose a9ar, a selective medium

forthe isolation ofyeasts and fungi.

The following section (and Table 1.1) provides descriptions of the 13 medically-relevant

species included in this study. The descriptions include phylogenetic, phenotypic and

epidemiological differences between the species and illustrate the long-term taxonomic

confusion surrounding them.

Candida albicans (Robin) Berkhout: The most common infecting species is Candida

albicans, causing tp to 80Vo of clinical infections (eg., Schiodt et al. 1990). The species C.

albicans has one hundred and ten synonymous names, an indication of the numerous

taxonomic and nomenclature revisions that have occurred since its first description.

The phenotypic properties of Candida albicans overlap with those of C. tropicalis

making them hard to distinguish using traditional characters. The most commonly used

diagnostic character for C. albicans is germ tube formation. However, C. dublinierzsis is

also germ-tube positive, genn tube positive oral isolates of C. tropicalis have been described

(Nikawa et al. 1997) and C. albicans isolates are not consistently positive for the production

of germ tubes. Nevertheless, those experienced at diagnosing Candida species according to

the formation of germ tubes can still identify them. Molecular methods continue to identify

atypical isolates within C. albicans and a re-examination of one set of atypical strains within

the species (Sullivan et al. 1993) resulted in the first description of the species C.

dubliniensis (see Sullivan et al. 1995).
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Table 1.1; Details of the DNA G+C content, identifïed teleomorph species and antifungal resistance profile of thirteen prevalent medically

important C andi.cla species

Species G+C content Teleomorph Antifungal resistance

C. lusitaniae

C. norvegensis

C. parapsilosis
C. tropicalis

C. albicans

C. dubliniensis

C. famata

C. glabrata

C. guilliermondii 44.1-44.4Vo

C. haemulonii
C. kefyr
C. krusei

33.970
b

35.8-31.1Vo (type strain 36.87o)
(Nishikawa et aI. 1996)
39.6-4O.2Vo (Kreger van Rij 1984)

Noneu
None

Debaryomyces hansenii
(Nishikawa et al. 1996, Nishikawa et al. 1997)
None

Pichia guilliermondii

None
Kluyveromyc¿s spp. (Cai et al. 1996)
Kluyveromyces Lactis and Issatchenkia orientalis

Clavispora lusitaniae

Pichia norvegensis

Probably Lodderomyces elongisporu,s (James et al. 1994)
None

None

Fluconazole (acquired)

Fluconazole (acquired) (Moran et al. 1991)

Azoles, particularly fluconazole (innate) (eg., Arias et al.
1994, Arias et al. 1996, Carrillo Munoz et al. 19911' Hoegl e/
al. 1998,Fidel et al. 1999)
Amphotericin B (innate) (Yazquez et al. 1995,Yazquez et al.
l 998)

Azole antifungals (innate) (eg., Berrouane et al. 1996, Carrillo
Munoz et al. 1997 , Samaranayake 1997)
Amphotericin B (innate) (Karyotakis and Anaissie 1994,
Yazquez et al. 1998)
Fluconazole (innate) (Sandven et al. 1997)

Increased resistance to azole antifungals (innate) (Law et al.
1996)

46.1-41.87o (type strain 47 .8Vo)

41.370

39.6 (type strain) -41.5Vo
(Bai and Jia 1996)
45.27o

35.5-3',7.5Vo
(Billon-Grant) (Kurtzman)
4O.\Vo

33.1-36.17o

43.7-46.37o
(S.4. Mever) (F.L.Lee et al.\

C. viswanathii

a; None - teleomorph not identified to date

b; - unknown GC content
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Due to its predominance in clinical infection C. albicans has become the major focus of

yeast biomedical research, and this thesis. This predominance has led to extensive literature

on its biology. Despite the volume of research conducted on this species, the taxonomic and

systematic controversy surrounding it, as discussed in the previous sections, has precluded

an unequivocal resolution of its epidemiology.

Candida dubliniensis: This species is the most recently described within the genus and

constitutes a previously described atypical subset of C. albic¿ns strains (Sullivan et al.

1995). Its morphological and biochemical identity is indistinguishable from that of C.

albicans, but genetically the two species are quite distinct (Gilfillan et al. 1998).

Sequencing of the group I intron of the large ribosomal RNA subunit, a phylogenetically

informative molecular clock, suggests a close genetic proximity to C. albicans (see Boucher

et al. 1996).

Cell-wall antigens that differentiate C. dubliniensis and C. albicans (see Blkandi et al.

1998a) and recognition of a species-diagnostic repetitive element (Joly et al. 1999) are

further evidence of their distinction. Differences in cell surface hydrophobicity between the

two species have been identified (Jabra-Rizk et al. I999,Hazen et al. 200I, Jabra-Rizk et al.

2001). This difference has been suggested by the authors as a mechanism for C.

dubliniensis to adhere to F. nucleatum, an anaerobic oral colonising bacterial species,

enhancing its ability to asymptomatically colonise the oral cavity and to outcompete C.

albicans during fluconazole treatment.

C. dubliniensis isolates can also be morphologically differentiated from C. albicans by:

their appearance on CHROMagar, where they can be described as dark and light green

respectively; their inability to grow at 45"C (Kirkpatrick et al. 1998); and their absence of

intracellular beta-glucosidase activity (Schoofs et aI. 1997). Nevertheless, the accuracy of

these characters used in isolation has been questioned (Tintelnot et al.2OO0). Recently, a

difference in colony appearance and the ability to form chlamydospores on Staib agar was

also noted between C. dubliniensis and C. albicans (see Staib and Morschhauser 1999).

There is a previously-unrecognized, widespread geographical distribution of C.

dubliniensi,s among HlV-positive individuals (Sullivan et aI. 1997). The first cases of C.

dubliniensis fungaemia have been reported in Europe (Meis et al. 1999), North America

(Brandt et al. 2O0O) and Australia (Marriott et aI. 200I). The predominance of this species
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in immunocompromised individuals has been noted upon re-examination of cultures

collected prior to its first description (eg., Jabra-Rizk et al. 2OO0). C. dublinierzsls has been

isolated from the oral cavity of HlV-positive individuals with obvious candidiasis where it

has been suggested that this species is more adhesive to human buccal epithelial cells but

less virulent than C. albicans with an increased propensity for the oral cavity (Gllflllan et aI.

1998). The species has also been isolated from sites of asymptomatic carriage and infection

in HlV-negative individuals on broad-spectrum antibacterial therapy (eg., Polacheck et al.

2000) indicating that colonisation is not limited to HlV-positive individuals.

C. dubliniensis has an increased phenotypic switching frequency when compared to C.

albicans, but C. albicans produces more phospholipase and proteinase, associated with

virulence (Hannula et al. 2OOO). Both C. dubliniensis and C. albicans have an ability to

become fluconazole resistant through the increased expression of multidrug transporters,

which transport the drug out of the cell's cytoplasm (Moran et al. 1998). The sequences of

these transport proteins are very similar in the two species (Moran et aI. 1998) providing

further evidence of their close genetic proximity.

In an in-vitro experiment, C. albicans appearcd to outcompete C. dubliniensis in both

mixed broth and mixed biofilm conditions (Kirkpatrick et aL.2000), a situation that may be

applicable in-vivo, which explains the continued isolation prevalence of the former species.

C. dubliniensis has an increased phenotypic-switching frequency compared to C. albicans,

but C. albicans produces higher levels of proteinase and phospholipase (Hannula et al.

2000), which highlights the complexity of their relationship in-vivo.

Candida "famata 
(Hanison\ Meyer & Yanow: This species was formerly known as

Torulopsis candida. In 1978, the genus Torulopsis was incorporated into the genus Candida

(Yanow and Meyer 1978) after it was decided that the absence of pseudohyphae in the

genus Torulopsis was not enough grounds for the distinction of two genera. This

observation has subsequently been supported in numerous publications (e9., Odds et al.

1991). The nomenclature change is not unequivocally accepted by clinical and research

mycologists as is evident from the continued referral to both names in publications (eg.,

Arikan et aI. 1998, Krcmery et aI. 1998, Cresti et al. 1999, Becker et aL 2O00)

Along with the range of genomic G+C contents recorded for the species, karyotyping

(i.e., grouping yeasts on the basis of the size and number of chromosomes they have)
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provides further evidence of the extensive genetic variation within this species. The number

of chromosomes in strains within C. famata varies between six and eight and the size of the

genome ranges from 12 to 14 mega-base pairs (Versavaud and Hallet 1995).

Candida plabrata (Anderson ) Mever & Yarrow: Like C. famata, the species C. glabrata

was also formerly within the genus Torulopsis. Cryptococcus glabratus has been

recognised as synonymous to C. glabrata and is now incorporated into this species. This is

a dramatic nomenclature change, since Cryptococcus species belong to the phylum

Basidiomycota. C. glabrata is the only haploid Candida species commonly isolated from

human infection that is incapable of producing pseudohyphae at 3J"C (Fidel et al. 1999)

unless grown on solid nitrogen starvation medium (Csank and Haynes 2000).

In a study by Brandao et al. (1995), three strains of Candida that were originally

described as C. albicans, due to their ability to form germ-tubes, were subsequently

reidentified as C. glabrata on the basis of their karyotype profile. This again raised doubts

about the applicability of germ-tube formation for the accurate diagnosis of the C. albicans

species.

On the basis of 18S rRNA gene sequence comparisons, C. glabrata is more closely

related to Saccharomyces cerevisiae with distant relatedness to C. kefyr and K. marxianus

(see Barns et al. I99l). These species formed a distinct subgroup from that comprising

most other Candida species of clinical significance. Additionally, C. glabrata and

Saccharomyc¿s share their telomeric core sequence (Cohn et al. 1998) and the species is

frequently misidentified as Saccharomyces cerevisiae by fatty acid profile analysis (Crist et

al. 1996). A primer designed for the "highly-variable" rDNA ITS region of C. glabratawas

able to cross-react with Saccharomyces cerevisiae DNA, but not with that of other Candida

species (Fujita et aI. 1995), supporting their close genetic proximity. C. glabrata does not

have C. albicans germ tube antigens in its cell wall, unlike most other Candida species

(Bikandi et al. 1998b).

C. glabrata has a high affinity for the urinary tract (Knoke et al. 1997, Nayeú et al.

1997) and, after C. albicans, is the second most prevalent yeast species in vulvovaginal

infections (Abu Elteen et al. l99l). The species has increased in prevalence in other

Candida infections, particularly bloodstream infections acquired during hospitalization

(nosocomial infections) (Hospenthal et al. 1995, Giamarellou and Antoniadou 1996, Voss ¿r
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al. 1996, Kaben et al. 1997). Its prevalence, along with C. parapsilosis, in nosocomial

infections in Taiwan has increased dramatically since the introduction of fluconazole (Chen

et al. 1997). Genetically identical strains of C. glabratahave been isolated from different

patients, probably attributable to a common source of infection or transmission within the

hospital (Yazquez et al. 1998). Deep-seated organ infections caused by C. glabrata have

been suggested as opportunistic and transient, being a consequence of other fungal

infections (Vennewald et al. 1991, Yennewald et al. 1998). In one case where a

disseminated infection was caused by C. glabrata and C. albicans, the C. glabrata

originated in the patient's oral cavity (Bougnoux et al. 1997). Taking into account the

increased resistance of this species to fluconazole, it is interesting to note that oral

colonization with C. glabrata and C. krusei increases during fluconazole treatment of a pre-

existing C. albicans infection in HlV-positive individuals (Drobacheff et al. 1996).

Candida guilliermondii (Castellani\Langeron & Gaerra: Although C. guilliermondii and

C. famata belong to the same anamorphic genus, their teleomorphs do not. This aberration

is not restricted to these two Candidø species as is evident from descriptions of other

Candida species in this Section. According to a phylogenetic analysis based on the small

and large ribosomal RNA gene sequences, C. guilliermondii forms a distinct evolutionary

group with Debaryomyces species (see Cai et al. 1996) and particularly with the Candida

famatalDebaryomyces hansenii complex (see Nishikawa et al. 1997). Due to the close

genetic relationship between the eighteen species including C. guilliermondii, they are

sometimes referred to as the C. guilliermondii species complex. This complex comprises

six electrophoretic karyotype groups (Bai et al.2OOO).

Isozyme analyses (i.e., comparisons of different isoforms of an enzyme) and randomly

amplified polymorphic DNA (i.e., RAPD) analyses have segregated the species C.

guilliermondii into two distinct "cryptic" species that were shown to correlate with C.

guilliermondii and its synonym Candida fermentati (see San Millan et al. 1997). This

conclusion provides evidence that the previous taxonomic union of these two species may

have been inaccurate.

Candida haemulonii (van Uden &. Kolipinskl\ Meyer & Yarrow: This species has

biochemical similarity to C. guilliermondii, making them difficult to distinguish using

traditional characters. Isoenzyme and protein profiles have identified two distinct groups
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within the species C. haemulonii, an observation supported by DNA relatedness estimations

and phenotypic characters (Lehmanî et al. 1993).

Candida kqf.vr (Betjerinck\ vanUden &.Btckle:t: This species is predominantly isolated

from neutropenic patients (Lopes et al. 1996). Sequence comparisons of the 18S rRNA

gene have placed C. kefyr distant from other Candida species (Barns et al. I99l). C. kefyr

has a number of associated teleomorphs belonging to the genus Kluyveromyces, all of which

are closely related genetically (Cai et al. 1996). These teleomorphs include Kluyveromyces

marxianus which itself has a number of synonymous species names with their own

associated anamorphs (Molnar et al. 1996). A recent study of the phylogeny of the 17

species belonging to the Kluyveromyc¿s genus using the mitochondrial cytochrome-c

oxidase II gene has grouped the genus into four distinct species groups (Belloch et a|.2000).

The results have questioned the separation of species within Kluyveromyces and between

the genus and the closely related genera Saccharomyces, Torulaspora and

Zygosaccharomyces. Studies like this have indicated that since the advent of DNA

technology, the genetic information that has been uncovered has increased the confusion

associated with C. kefyr and its associated anamorphs and teleomorphs.

Candida krusei (Castellani) Berkhout: The innate azole resistance of C. krusei is

attributed to a decreased cellular accumulation of azoles (Venkateswarlt et al. 1996). The

efficacy of different azoles is directly proportional to the level of intracellular accumulation

(Marichal et aI. 1995). There has been an increased incidence of C. krusei infection in

leukemic patients in some institutions, especially after bone marrow transplant and

fluconazole therapy (Abi Said et al. 1997). The species incidence in invasive candidiasis,

however, has not been associated with previous exposure to fluconazole (Iwen et al. 1995).

The increasing clinical predominance of C. krusei, its associated treatment difficulties, and

the adverse side effects of other drug treatments have driven technology towards developing

new antifungals to control C. krusei infections. These include voriconazole (eg., Barry and

Brown 1996) and 56592 (posaconazole, Znneca) (Patterson 1999).

Clinical evaluation of the pathogenicity of species of Candida in an

immunocompromised rat oral mucosal model by Samaranayake et al. (1998) has indicated

that C. krusei is not as pathogenic as C. albicans. When compared to C. albicans, C. krusei

is not as adhesive to macrophages (Nessa et al. 1997) or human neutrophils (Richardson and

Donaldson 1994), making it less readily phagocytosed. C. krusei has different adhesive
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propefties to C. albicans, the former having an increased propensity for acrylic surfaces

over cell surfaces (Samaranayake et al. 1994), suggesting a mechanism for the species

prevalence in nosocomial infections.

Sequence analysis of the cytochrome c gene indicated that C. krusei is closely related to

Kluyveromyces lactis (see Freire Picos ¿/ aI. 1995). Conversely, Janbon et aI. (1997) found,

using the same gene, that K. lactis was more closely related to C. albicans. According to

the 18S rRNA gene sequence, K. Iactis is more closely related to Saccharomyces cerevisiae

(see Barnò et al. I99l), which in the Janbon et aL (1997) study was more closely related to

C. glabrata. Also using the 18S rRNA gene, Hendriks ¿r al. (199I) found that C. krusei

formed a distinct evolutionary branch with no close associations with any species of

Candida.

The conflicting systematics surrounding C. krusei illustrates the danger in using a single

method or genetic character for these analyses and the confusion that can arise as a

consequence. These relationships remain unresolved. Differences in the behaviour of C.

krusei and other Candida species in the host, its virulence and cellular characteristics (eg.,

cell surface hydrophobicity (Samaranayake et al. 1995) have been suggested as

confirmatory evidence that this species should be reassigned to a different genus

(Samaranayake and Samaranayake 1994). Issatchenkia orientalls has been suggested as the

teleomorph for C. krusei.

Candida lusitaniae van Uden & do Carmo-Sousa: According to 18S rRNA gene

sequence comparisons, Candida lusitaniae is the earliest evolutionary lineage within the

genus Candida (see Hendriks e/ aI. l99l). Similarity in biochemical profiles between

Candida lusitaniae and C. tropicalis make them difficult to distinguish using only these

characters.

Epidemiological investigations have revealed that Candida lusitaniae may be transmitted

within neonatal intensive care units, causing outbreaks of nosocomial bloodstream infection

(Fowler et aI. 1998). It has also been noted that the same strain can lead to a disseminated

infection in hospitalized patients (Merz et al. 1992). However, the observation of innate

amphotericin B resistance in C. lusitania¿ seems to be dependent upon the laboratory in

which the susceptibility testing is done and the protocol used (FaveI et al. 1997). The

teleomorph for this species is Clavispora lusitaniae.
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This

species was a member of the genus Torulopsis prior to 1978, when it was redescribed as a

Candida species (Yarrow and Meyer I9l8). C. norvegensls is a tare pathogen in human

infection, usually being isolated from severely immunocompromised individuals (Nielsen

and Stenderup 1996). The teleomorph is Pichia norvegensis.

Candida parapsilosis (Ashford\ Langeron &. Talice: This species is more commonly

isolated from hand carriage on health care workers than C. ølbicans (see Diekema et al.

1991) and is frequently isolated in cases of onychomycosis (hand or toe infection) (Yelez et

al. 1997). The species is also a common pathogen in neonatal intensive care unit outbreaks

of infection (Welbel et al. 1996). C. parapsilosis has an increased resistance to

amphotericin B (Vazqvez et al. 1998).

According to total chromosome DNA probing, C. parapsilosis and C. albicans have a

high chromosomal similarity and other Candida species are less closely related (Liltt et al.

1994). The same study described conserved regions flanking the ribosomal RNA coding

region in all Candida species, supporting their inclusion in a single genus. A preliminary

study using RAPD analyses identified three distinct subgroups within C. parapsilosls; one

representing the majority of oral and systemic isolates and two others specific for one of the

infection sites (Dassanayake and Samaranayake 2000). This observation, if supported by

more extensive analyses, may form the basis for the future description of two cryptic species

within C. parapsilosis.

Candida tropicalis (Castellani) Berkhout: This species predominates in human

respiratory and urinary tracts (Al Hedaithy and Fotedar 1997). Infection caused by this

species progresses to systemic infection more often than any other Candida species. C.

tropicalis is the second most predominant cause of hospital-acquired candidaemia (I3.5Vo)

after C. albicans (56.87o) (Al Soub and Estinoso 1997). The incidence of isolation of C.

tropicalis from urine is 36Vo, respiratory ftact 22Vo and vaginal tract I47o although the

incidence of vaginal isolation is decreasing (Al Hedaithy and Fotedar 1997).

Candida tropicalis (syn. Candida vulgaris) is the type species for the genus Candida

(Kreger van Rij 1984) and it has fifty-eight synonymous names. C. paratropicalis hasbeen

reclassified as a synonymous species, based on its morphological and physiological
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similarities to the sucrose-negative variant strains of C. tropicalis. Some C. tropicalis

strains are biochemically similar to C. albicans and C. viswanarl¿ii strains, making them

difficult to distinguish using these characters.

Candida viswanathil Sandhu & Randhawa: Rarely isolated from human infection;

publications to date have focussed on the accurate identification of C. viswanathii usrng

contemporary genetic methods, not its clinical manifestations, prevalence or biochemical

and morphological charactelisation (eg., Maiwald et al. 1994, Mannarelli and Kurtzman

1998). It is surprising that although there are two hundred and eleven species within the

genus Candida, only a limited number are of medical importance. The ability to cause

infection requires certain biological characters associated with adhesion and survival in the

host. The presence of these characters in a selection of Candida species suggests that they

share a common ancestor with each other more recently than with other Candldø species not

associated with infection. For this reason, it is anticipated that they will have a closer

genetic relationship and may form a subset of the genetic variation within the whole

Candida genus. This assumption illustrates the importance of population biology, ecology

and systematics in our efforts to understand disease processes. In isolation, epidemiological

studies at the population level provide important information on strain variation within a

fungal/bacterial species. Conversely, an understanding of the systematics of existing

species allows accurate assumptions to be made concerning the identity of the population

and the evolution of pathogenicity. A thorough understanding of a combination of these

issues provides an understanding of the processes involved in previous and ongoing

speciation events. This understanding provides insight into how current and emerging

virulent organisms may have arisen.

1.2.4 Pøthogenicity factors within the genus Candida

Microevolution of the yeast genome is responsible for changes in the susceptibility to

antifungals, cellular and colonial morphology, expression of virulence factors, and growth

characteristics of a yeast strain (Fries and Casadevall 1998). This microevolution has been

suggested as a mechanism by which Candida may evade the host immune system. A

number of virulence determinants have been identified within the genus, as outlined below

(also see review article by Navarro-Garcia et aI.20Ol).
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The Candida receptors required for adhesion to host cells and subsequent dissemination

of infection are induced by haemoglobin (Yan et al. 1998). The expression of adhesive

proteins for binding to buccal epithelial cells is increased in strains taken from oesophageal

sites of infection versus strains from oesophageal sites of heavy colonization without the

associated infection. The more adhesive strains also produce more germ tubes and at a

faster rate than the less adhesive strains (Wellmer and Bernhardt 1991). Candida species

have different mechanisms of adhesion to epithelial cells (Bendel et al. 1993), but the extent

of this adhesion has been correlated with the level of expression of an integrin analogue

(Bendel et aL 1995). Of clinical significance, non-viable Candida cells are more adhesive

to buccal epithelial cells than are viable cells (Gorman et al. 1996).

The expression of Candida proteolytic enzymes has been correlated with tissue

colonization in mice (Mendes Giannini et al. 1996). There are, however, conflicting reports

on the importance of proteolytic enzyme activity to the virulence of Candida species. Some

reports have associated secreted aspartic proteinases (SAPs) with C. albicans in-vitro and

in-vivo virulence (Borgvonzepelin et al. 1998, Monod et al. 1998, Schaller et al, 1998)

whilst others have not linked the presence of these enzymes with in-vitro virulence

(Szkaradkiewicz et al. 1998). The over-expression of SAPs does not appear to increase the

virulence of strains (Dubois et al. 1998), but subinhibitory concentrations of fluconazole

appear to enhance SAP production in fluconazole resistant C. albicans isolates due to over-

expression of the multidrug resistance efflux pump (Wu e/ al. 2000). Some authors have

suggested that the HIV protease inhibitors used in the new antiretroviral HAART therapy

are also effective against the SAPs of C. albicans (e9., Bektic et al.2O0l). Different SAPs

are produced during systemic and mucosal infections, between early colonisation and

following dissemination into deep organs. SAP5 is expressed with the commencement of

hyphal formation, SAP6 is present only when Candida is growing in the hyphal form and

SAP2 is associated with deep organ infection, the authors suggesting that it may participate

in protein breakdown for survival (Staib et al.2OOO).

Phospholipase B has been linked to the ability of C. albicans strains to traverse the host

cell membranes and cause disseminated infection (t eidich et al. 1998) and appears essential

for Candida virulence (Ghannoum 2000). Glyceraldehyde-3-phosphate dehydrogenase

(GAPDH), localized in the cell wall, has been associated with the adhesion of Candida

isolates to fibronectin and laminin, a process important to tissue invasion and the
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dissemination of infection (Gozalbo et al. 1998). Catalase has also been suggested as

important to the virulence of Candida species (Wysong et al. 1998).

The relevance of the hyphal phase to invasive infection remains controversial (eg., White

et al. 1995). Thigmotropism, or contact sensing, has been suggested as a mechanism for

Candida cells to traverse the mucosal membrane gaining access to the bloodstream (eg.,

Nikawa et al. 1997). It has been reported that there are two separate regulatory pathways

for the yeast-hyphal transition within Candida species and both forms are involved in

pathogenesis of the infection (Mitchell 1998). In a rat model for candidaemia (blood

infection) caused by lung injury and multiple organ damage, the yeast-hyphal transition was

positively associated with the lethality of the infection, but the clinical outcome was not

associated with tumour necrosis factor involvement (Matuschak and Lechner I99l). At

neutral to slightly acidic environmental pH, the expression of PRAI, a pH regulated

secreted glycoprotein, is maximal. Its deletion confers a temperature-dependent defect in

hyphal formation (Sentandret et al. 1998), indicating a link between the environment and

the ability for C. albicans to undergo yeast to hyphal transition.

The phenomenon of colony morphology switching is commonly seen in Candida species.

It has been suggested that the transition is associated with virulence, indicating alterations in

the expression of cell wall adhesive factors, secretion of proteolytic enzymes and the ability

to grow in the hyphal form (Odds 1997). The frequency of switching is higher in strains

isolated from infection than in strains isolated from asymptomatic colonization. This

suggests that switching mediates virulence, facilitates invasion of host tissue, and allows

Candida to evade the host immune system (Odds 1997).

It has been reported that the expression of virulence factors within the genus Candida is

controlled by genes which are regulated by the pH of the environment colonized, such as

PHRI (De Bernardis et al. 1998). Additionally, CaHsp70, a heat shock protein expressed in

response to a rise in environmental temperature, increases the ability of Candida to cause

systemic infections (Bromuro et aI. 1998). Candida expression of aspartate proteinase has

also been demonstrated to elevate with the yeast binding to HIV-I envelope protein gp160

(Gruber et aL 1998), indicating an increase in Candida virulence with co-colonisation with

the virus.
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1.2.5 Mechanisms of øntifungal resistønce in Candids

There are a number of classes of antifungals, acting in different ways, for the treatment of

yeast infection (Appendix 1 Table 3). Some Candida species have an innate resistance to

particular classes of antifungals, others can acquire resistance or increased tolerance with

long-term exposure to them. Whilst not effectively killing C. albicans, sublethal doses of

antifungals have been shown to decrease the adhesive properties of the species (Ellepola and

Samaranayake 1998). In-vivo, this treatment regime potentially reduces the strain's ability

to colonize the oral mucosa and suppresses its invasive potential but it is also often

associated with the acquisition of resistance.

The introduction of fluconazole for the treatment of Candida infection in 1992 greatly

decreased the incidence of infection for the first few years, with isolates being susceptible to

the new drug (Boschman et aI. 1998). Over time, however, the incidence of infections that

are clinically-unresponsive to fluconazole has increased (eg., Lischewski et al. 1995,

Martino and Girmenia I996,Diazguerra et aI. 1998). The acquisition of clinical resistance

to antifungals obviously has important implications for the treatment of Candida infections.

Infections can become unresponsive to treatment due to a superinfection of the individual

with an innately resistant Candida species or the original infecting strain may acquire a

resistance mechanism during treatment (eg., Bart-Delabesse et al. 1993, Sangeorzan et al.

1994, McCullough and Hume 1995, Metzgar et aI. 1998). The rate of colonization by

species other than C. albicans has increased since the introduction of fluconazole for the

treatment of candidiasis (eg., Knoke et al. 1997, Martins et al. 1998). In vitro fluconazole

resistance of Candida species is more predominant in individuals with a low CD4 cell

count, prior treatment for oral candidiasis and/or long-term fluconazole treatment for prior

infections (Maenza et aI. 1997). Additionally, the incidence of mixed infections caused by

C. albicans and other Candida species has also increased due to the administration of

fluconazole (Metzger and Hofmann 1997).

In some strains of C. albicans, resistance to fluconazole has been associated with a

decrease in the strain's virulence (Graybill et al. 1998) suggesting that resistance may be

associated with the survival of the organism and the "shutting down" of the cell. The

decrease in virulence has also been noted in a C. tropicalis strain that acquired fluconazole

resistance upon subculturing in a broth containing the antifungal (Barchiesi et aI. 2OO0).

The fluconazole resistance in this strain conferred cross-resistance to itraconazole and

terbinafine but not amphotericin B.
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A recent large-scale investigation confirmed that the in-vitro fluconazole susceptibility

remains significant with99Vo of the C. albicans isolates tested, 94Vo of C. parapsilosis,90Vo

of C. tropicalis, 67Vo of C. glabrata and 26Vo of C. krusei being susceptible (Meis et al.

2000). However, standardising the method for assessing in-vitro antifungal resistance of

Candida is of particular clinical importance as unstandardised they can give widely variable

susceptibility results that may have little or no in-vivo relevance (e9., Goutaland and Piens

1996). A recent publication has revealed that cytokines may act synergistically with

fluconazole and amphotericin B against C. albicans (Mencacci et al. 2000) suggesting that

the host immune status is of vital importance in combating Candida infection.

1.3 Candida infection

Candida species can be carried asymptomatically in a variety of sites in the body.

Sometimes individuals may become infected by exogenous or endogenous strains, which

cause a range of infections that may contribute to the morbidity of a patient.

Immunocompromisation is the most predominant risk factor for human infection. A

depressed immune response is common to HlV-positive individuals, cancer patients who

have undergone chemotherapy, neonates, bone marrow and organ transplant recipients who

are on immunosuppressive anti-rejection treatment and patients who have had multiple

courses of antibiotics, intravascular catheters, leg amputation, a neurogenic bladder or low

serum albumin levels (eg., Bregenzer et al. 1996, Flanagan and Barnes 1998, Hedderwick et

al. 1998, Lopez et al. 1998, Macdonald et al. 1998, Connolly et al. 1999).

I.3.1 The immune response to Candída infection

The Candida cell wall is the predominant immunogenic target initiating a cell-mediated

immune response (Martinez et aL 1998). A humoral immune response is also directed

against the protein and glycoprotein components within the cell wall (Martinez et al. 1998).

The antibodies produced during the humoral immune response coat the outside of the cell

and may limit the adhesive properties of the yeast cell and increase their phagocytosis

(Martinez et aI. 1998). The small cell size of C. glabrata and C. guilliermondii, and their

consequential cell wall surface area decrease the ability of these two species to induce
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tumour necrosis factor from mouse peritoneal macrophages allowing them to evade

phagocytosis (Aybay and Imir 1996).

CD8+ T lymphocytes inhibit the growth of C. albicans in-vitro (Mathews et al. 1998). A

decline in the number of circulating T cell-regulating cytokines in HlV-positive individuals

has been associated with their progression to AIDS and onset of oropharyngeal candidiasis

(Leigh et al. 1998). A decrease in the 1-interferon response in the host immune system also

allows establishment of candidiasis (Szkaradkiewicz et al. 1998). ln the case of C. albicans

infection, this appears to be due to the species' ability to inhibit f,-Iz and therefore limit the

effectiveness of a type I immune response (Xiong et aI. 2000). Baltch et al. (2001)

demonstrated an increase in monocyte-derived macrophage activity against C. albicans in

the presence of low concentrations of fluconazole and some cytokines and have suggested

using cytokines in an adjunctive therapy.

Infection with HIV increases the Candida colony count in asymptomatic carriers and

individuals with candidiasis (Teanpaisan and Nittayananta 1998), suggesting that the virus

somehow alters the oral environment. The gp120 envelope protein of HIV decreases the

antifungal activity of peripheral blood monocytes against Candida species (Pieftella et al.

1998). Candida species also have immunomodulatory properties (eg., Domer L997),

increasing the likelihood of opportunistic infections and further decreasing the survival rate

of HlV-positive patients (eg., Chaisson et al. 7998).

A decrease in the local immune response but not in cell mediated immunity is more

closely associated with oropharyngeal candidiasis (eg., Gottfredsson et al. 1999,I-e,igh et aI.

2001). This observation negates the association between CD4+ cell count and the

propensity for Candida infection. EIahi et al. (2001) compared clearance of oral candidiasis

in immunocompromised mice following subcutaneous or oral immunisation and found that

oral immunisation was much more effective than systemic. Their results confirm the

importance of the local immune response over the systemic cell mediated immune response

and the authors suggest that clearance is predominantly controlled by effector molecules

originating from the salivary glands. The authors go on to conclude that "Systemic CD4 T

cells are not involved in protection against Candida infection at the oral mucosa and that the

correlation of reduced, yet largely functional, CD4 T cells to OPC is merely an indicator of

a deficiency or dysfunction in independent immune mechanisms at the oral mucosa.

Alternatively, the systemic-derived CD4 cells may, in fact, play a role in protection at the
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oral mucosa, but, to provide protection, must be maintained at a certain threshold in the

peripheral circulation. Hence, as circulating CD4 cell counts decline, there are simply not

enough CD4 cells capable of keeping Candida "in check" at the mucosal surface... Below

the threshold, local immune mechanisms must take over exclusively" .

1.3.2 Epidemiology of infection

The systematics of the genus Candida provides insights into the evolutionary origins of

its species and the characteristics conserved within them. Epidemiological investigations

focused at the population level provide information on genetic changes within species

leading to antifungal resistance, alterations in pathogenicity and transmission. Although the

latter information appears more clinically relevant, and is often the focus of research,

without an understanding of the systematics of an organism, the accurate identification of a

population is jeopardised. Inaccuracies in identification at the population level leads to false

assumptions being made about the species and potential difficulties in understanding the

disease process.

Despite the abundance of epidemiological data published on Candida, particularly C.

albicans, there continues to be no obvious preferred method for the identification of strains

within a species. Many of the observations made are in conflict and there has not been

agreement on the applicability of different methods for strain discrimination. For example,

sequencing of the ITS regions of the ribosomal RNA genes has been suggested in one

publication to be discriminatory at the strain level (Lin et al. 1995). However, in others it

has been used for species identification because it is conserved within a species (eg., Shin er

al. l996,Lott et al. 1998, Reiss et aI. 1998).

A comparative study of the efficacy and discriminatory power of morphotyping,

serotyping, RAPDs and karyotyping found that the most informative epidemiological

approach was the combination of morphotyping and karyotyping which grouped the isolates

into clusters (Delcasttllo et aI. 1991). The results showed a concurrent change of

morphotype and resistance to azoles but, unfortunately, there was no correlation found

between cluster and origin of the strain. Another such study compared morphotyping,

antifungal susceptibility and restriction enzyme profiles of isolates from recurrent vaginitis

(Maffei et al. 1997). The authors suggested that there were changes in the morphology and

antifungal resistance within a single genetically stable strain of C. albicans. Both these
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studies suggest that the most appropriate epidemiological analyses are based on the

combination of a number of different methods with varying discriminatory abilities.

Many of the currently published studies are based on observations made using a single

technique on a single species examining one clinical presentation in a subset of the human

population. V/hilst providing invaluable information for those particular circumstances,

their overall applicability is restricted. In isolation, a single study provides little information

on the general factors associated with the disease processes as a whole. It is important to

note that the following Sections reflect the discontinuity of these individual studies and the

conflict between them. Nevertheless, the information included is necessary to provide the

rationale for the aim and specific objectives of this thesis.

The following sections address cunently published epidemiological information for

Candida infections of the oral cavity, gastrointestinal tract, vagina, urinary tract and

bloodstream. These sites of infection are discussed in relation to the risk factors for

infection, routes of transmission, clinical symptoms and strain/population specific virulence

characters. These characteristics are important not only to our understanding of the

epidemiology of infection, but also of the systematics of Candida species.

1.3.2.a OropharyngealCandidainfections

The most predominant mucocutaneous infection site is the oral cavity. Infections may

cause general redness and inflammation of the oral cavity, which may spread to the

pharynx. Characteristic white lesions may be visible on the buccal mucosa, tongue, gums,

palate and pharynx (Ellis 1994). A range of Candida species may cause oropharyngeal

candidiasis, but it has been noted that the infection does not occur in the absence of C.

albicans (see Martins et al. 1991).

The oral caniage of Candida is increased with smoking, azole antifungal use and HIV

infection (Schoofs et al. 1998). Risk factors for oral infection include smoking and dentures

(eg., Kamma and Nakou 1997, Abu Elteen and Abu Alteen 1998) but another study refutes

this observation in radiotherapy patients with oral cancer (Ramirez Amador et aL 1997).

Table 1.2 (p., 32) illustrates the difference in prevalence of Candida oral carriage and

infection not only between HlV-negative and HlV-positive individuals, but also between

studies.
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Table 1.2; Examples of the reported prevalence of Candi.da colonisation in carriage

and infection of HlV-positive and HlV-negative individuals

Oral Carriage Oropharyngeal infection

HfV-negative HIV-positive HIV-negative HIV-positive

IIV," to 36.87oD 6'7%ou to 93Vo" 57Vou to 687o" J57o" to 9OVo"

The studies were conducted in different geographical locations
a; Thailand (Teanpaisan and Nittayananta 1998)
b; South Africa (Abu Elteen and Abu Alteen 1998)
c; France (Monteil et al. 1997)
d; South Africa (Hauman et al. 1993)
e; France (Eloy et aL 1998)
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Most Candida infections occur in HlV-positive individuals. It is unclear whether this is

due to alterations in the oral environment due to the virus, or a consequence of the

immunocompromisation associated with the viral infection. One study suggested that the

virus itself has no effect since variation in the viral load did not affect the prevalence of

Candida in the oral cavity (Bergbrant and Faergemann 1997). Conversely, a second study

showed HlV-positive individuals had an increase in oral Candida cell count in terms of both

carriage and infection (Teanpaisan and Nittayananta 1998). Interestingly, the C. albicans

strains isolated from HfV-positive individuals prior to their first episode of thrush have been

noted as being in a high-frequency switching mode and as more resistant to antifungals

(Vargas et al. 20OO). This observation suggests that the C. albicans strains colonising the

oral cavity of an HlV-positive individual are already in a more virulent growth and gene

expression pattern.

The CD4+ T-cells are used as an indicator of immunosuppression and a predictor of AIDS

progression (eg., Chirmule et al. 1995). One study reported no correlation between the

numbers of C. albicans colony-forming units in the oral cavity and individuals CD4+ cell

count (Bergbrant and Faergemann 1997). Another found that the rate of carriage increased

in HlV-positive individuals versus HfV-negative individuals only when the CD4+ cell count

of the HlV-positive patient dropped to below five hundred cellsil (Fong et al. 1997). Other

studies have found that the oral concentration of Candida increased with a decreased patient

CD4+ count (eg., Silverman et al. 1996, Urso et al. 1996, Schuman et al. 1998). Patients

with a decreased CD4+ count have also been shown to be more likely to have recurrent

Candida infections rather than a single infection (Reef and Mayer 1995, Redding et al.

1997). Sobel et aI. (2001) recently noted an association between oral colonisation by

Candida species except C. albicans and HIV load, not CD4+ count, in HfV-seropositive

women. Also, as was discussed in section 1.3.1 (p., 28), the local immune response plays an

important role (Gottfredsson et al. 1999,Elahi et aI.2OOl).

The epithelial depth of colonization in HlV-positive individuals is greater than that of

cancer patients on chemotherapy due to differences in the causes of their

immunocompromisation, that is, HfV-positive individuals have an impaired inflammatory

response whilst cancer patients have a decreased polymorphonuclear cell count (Goernig er

al. 1997). This implies that the host immune response also plays an important role in

determining the severity of Candida infection and the resultant clinical presentation.
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Not only does the rate of colonisation of C. albicans differ between HlV-positive and

HlV-negative populations but, the karyotypes of the C. albicans strain canied by these

individuals appeff different (Lupetti et al. 1995). Additionally, C. albicans strains with an

innate increased resistance to itraconazole and fluconazole have been associated with HIV-

positive individuals (Velegraki 1995, Velegraki et al. 1996). The C. albicans serotype

present in these individuals has been reported as stable over time with no change associated

with the onset of oropharyngeal candidiasis (Torssander et al. 1996).

The genetic diversity of isolates from HfV-negative individuals, determined using RFLP

analysis (i.e., separation of strains according to the profile obtained using whole genomic

DNA digested with a restriction enzyme), was much lower than that obtained from HIV-

positive individuals, regardless of the presence of clinical infection or carriage

(Challacombe et al. 1995). Additionally, the predominance of different genotypes varied

between HlV-positive and HlV-negative individuals and suggested the existence of a

particularly pathogenic genotype in HlV-positive patients with candidiasis. The existence

of a subcluster of C. albicans strains with increased virulence has been suggested by a

number of authors (eg., Schmid et aI. 1999, Giblin et al.2OOI, Lott and Effat 2001).

The level of production of intracellular proteinase is greater in strains isolated from HIV-

positive patients than strains in HlV-negative individuals (Wu e/ al. 1996). Also it was

reported that nystatin, amphotericin B, clotrimazole and miconazole decreased the level of

proteinase to a lesser extent in the strains from HlV-positive individuals (Wu er al. 1996).

A later study by Wu et al. (2OOO) also noted a decrease in intracellular secreted aspartyl

proteinase (SAP) and an increase in extracellular SAP in fluconazole-resistant C. albicans

isolates due to over-expression of the multidrug resistance efflux pump.

Mathaba et aI. (1995) showed that most HlV-negative individuals had a single (unique)

infecting C. albicans strain, which persisted during recurrent infections. Also, (Redding et

al. 1997) revealed that'78Vo of HlV-positive individuals are infected with a single DNA

subtype and SOVo of HlV-positive individuals with recurrent infection are infected with

multiple DNA subtypes. Healthy children have also been shown to asymptomatically carry

more than one oral C. albicans strain (Mata et al.2O00).

Morphotyping (i.e., grouping strains of yeast according to their morphology on cornmeal

agar) and biotyping (i.e., grouping strains according to their biochemical profiles) have
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revealed subsets of C. albicans that are better adapted for survival in patients with oral

leukoplakia and lichen planus infections (Lipperheide et al. 1996). This observation again

suggests that there are subpopulations within the species with increased survival in

particular niches and in disease-associated altered oral environments.

A genetically atypical cluster of germ-tube- and chlamydospore-positive C. albicans

isolates has been identified from HfV-positive individuals (McCullough et al. 1995). These

isolates were typed as C. albicans according to their biochemical profiles but they had

increased levels of intracellular proteinase and adhesion to buccal epithelial cells and a

decreased susceptibility to 5-flucytosine, making them more virulent. Anthony et al. (1995)

reported a predominance of another atypical subset of C. albicørzs strains in HlV-positive

individuals. Similarly, results of allozyme electrophoresis (ie., the electrophoretic

separation and histochemical staining of metabolic enzyme, discussed in greater detail in

Section 2.2.2 p.,54) and REA (restriction enzyme analysis) hybridization patterns with the

Ca3 probe (ie., where the genome is restriction digested then probed with a labelled copy of

the Ca3 repeat sequence) have discriminated typical C. albicans and an atypical group of

chlamydospore-forming, germ-tube-positive C. albicans (see Boerlin et al. 1995). By

combining allozyme electrophoresis, REA and Ca3 probe hybridization, each patient's

colonizing strain could be discriminated (Boerlin et al. 1995). The derived clustering of

isolates was not associated with fluconazole susceptibility or clinical symptoms. The

typical cluster was predominantly isolated from sites of oropharyngeal candidiasis in HIV-

positive individuals and invasive candidiasis in HlV-negative individuals. Isolates from the

atypical cluster, which produced no B-glucosidase, were all isolated from asymptomatic

HlV-positive intravenous drug users, indicating that they are potentially less pathogenic. A

second allozyme electrophoretic study showed no clustering of strains from HfV-positive

and HlV-negative individuals who were carriers or who had invasive candidiasis (Boerlin er

al. 1996). In a later electrophoretic study using the 2l A probe, a genetically atypical cluster

of C. albicans was identified as actually being the newly identified species C. dubliniensis

(Sullivan et al. I99l). Using allozyme electrophoresis, Reynes et al. (1996) revealed that in

mixed infections, one strain predominates and is present for the duration of the infection.

Candida species are also a common causative agent of denture stomatitis lesions (eg.,

Abu Elteen and Abu Alteen 1998, Webb et al. 1998) and are often associated with sites of

oral carcinoma (Nagy et al. 1998). These infections may be caused by a combination of C.

albicans and various bacterial species (Kulak et al. 1997). An increase in serum levels
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associated with inflammation facilitates biofilm formation on denture acrylic by C. albicans

and C. glabrata (see Nikawa et aL.2000). Subtherapeutic concentrations of amphotericin B

and nystatin appear to inhibit the adhesion of Candidø species and decrease the incidence of

lesions (Egusa et aI. 2OO0). C. albicans has also been isolated from apical and marginal

periodontitis, a potential reservoir for oropharyngeal infection (Waltimo et al.2000).

The growth of C. albicans in the oral cavity appears to be in equilibrium with, and under

the control of, the growth of oral bacteria (Basson and Van Wyk 1996). In particular, nitrate

reductase-containing bacteria can control the growth of C. albicans (see Dov.gall et al.

1995). This observation suggests that oral candidiasis may involve ecological interactions

between a range of intrinsic and extrinsic microorganisms.

The affinity of C. albicans for the oral cavity is partly attributable to the presence of

membrane-associated binding proteins that recognize salivary histatins (Edgerton et al.

1998). As the salivary flow rate and the associated submandibular and sublingual saliva

histatin concentration and level of secretion decrease, the level of yeast colonization of the

oral cavity increases (Jainkittivong et al. 1998). The presence and concentration of salivary

histatins may also be an important deciding factor in the conversion of asymptomatic

carriage to infection. One study showed that the level of histatins in saliva decreased in

direct relation to a decrease in the salivary flow rate, a side effect of chemotherapy

(Jainkittivong et al. 1998). This resulted in an increase in the number of colony forming

units of C. albicans in the oral cavity of these patients. A decrease in salivary flow rate has

also been shown to increase the rate of carriage and infection with C. albicans in

radiotherapy patients (eg., Ramirez Amador et aL l99l, Abraham et al. 1998, Rhodus ¿r a/.

1998). Another salivary component that has been positively linked to the number of C.

albicans colony forming units is lysozyme (Yeh et aL 1997). As the salivary flow rate

decreases, the concentration of lysozyme increases, as does the number of colony forming

units in the oral cavity.

The oral carriage of C. albicans has been found to be significantly associated with

individuals who are blood-group O and blood group antigen non-secretors (i.e., their blood-

group antigens are not secreted in their saliva) (Ben Aryeh et al. 1995). However, another

study revealed no correlation between C. albícans caniage and either of these predisposing

factors in HlV-positive individuals, instead being dependent on the level of

immunocompromisation (Fong et al. 1997).
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Epidemiological investigations have indicated that the same strain of C. albicans may be

transmitted between HlV-positive husbands and wives and that such strains may develop a

decreased susceptibility to fluconazole (Barchiesi et aI. 1995). A common strain has also

been shown to persist over time, with partners being identified as a potential source for

reinfection and the possible origin of fluconazole resistant strains prior to the patients'

treatment (Dromer et al. 1997). The REA (restriction enzyme analysis) method used in

their investigation identified an identical clone in two of the patients assessed, suggesting

either that there is a widely distributed clone within the HlV-positive population, or that the

technique was not discriminatory enough to distinguish closely-related but not identical

clones.

Fluconazole resistance is not dependent on the HfV shtus of the colonized individual

(Martins et al. 1997). HlV-positive patients at most risk of carrying a fluconazole resistant

C. albicans strain are those with severe immunosuppression and who have had previous

fluconazole treatment, although previous treatment is not necessary (Revankar et al. 1996).

A clinical response to fluconazole may still occur in an in-vitro resistant strain (Revankar er

al. 1996), but the treatment is usually longer and at higher doses (Revankar et al. 1998).

A study by Barchiesi et al. (1991) using REA, RAPDs and inter-repeat PCR (i.e.,

microsatellite amplification), reported that one of five HlV-positive individuals carried three

different strains over the five year study period, with the last strain having an increased

resistance to fluconazole. The other four patients carried the same strain for the entire study

period and that strain developed fluconazole resistance (Barchiesi et al. 1997). The

acquisition of resistance to fluconazole by a single strain in some patients and superinfection

with a resistant strain in others has also been demonstrated using other methods such as

karyotyping (Drobacheff et al. 1996) and mixed-linker PCR (McCullough and Hume 1995).

Takasuka et al. (1998) uncovered a vast range of morphotypes, karyotypes and PCR types

from a single patient with a fluconazole resistant oral candidiasis over a short time frame.

The extensive use of fluconazole has also led to an increased prevalence of resistant

Candida species such as C. krusei and C. glabrata (see Drobacheff et aI. 1996), particularly

in HlV-positive individuals (Schoofs et al. 1998). However, it has since been suggested that

the presence of other Candida species with C. albicans, has no bearing on the effectiveness

of antifungal treatment for infection or on clinical outcome (Dronda et al. 1996).
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Patients with oropharyngeal candidiasis who are treated with fluconazole may be cured,

with no symptoms or presence of C. albicans after treatment; be improved, with no

symptoms but still culture positive for C. albicans; or have treatment failure with the

infecting strain being fluconazole resistant (Barchiesi et al. 1998). One study showed that

SlVo of HlV-positive individuals were still culture positive for C. albicans after successful

fluconazole treatment (Silverman et al. 1996).

A number of studies have identified differences in the fluconazole susceptibility between

colonies from a single patient sampling (eg., Dellion et al. 1995, Boerlin et al. 1996,

Barchiesi et al. 1998). The accuracy of determining fluconazole susceptibility for a single

colony pick is also dependent on the duration of in vitro incubation with the drug (Dellion er

al. t995).

Using the 2l A probe hybridized to REA patterns, it was revealed that the C. albicans

strain carried by six out of fourteen HlV-positive individuals varied over time (Anthony ør

al. 1995). Additionally, one of ten HlV-negative and four of ten HlV-positive individuals

carried more than one strain simultaneously.

Serotype analyses have indicated that the strain infecting HlV-positive individuals

appears to be stable over extended lengths of time; and, again, there is no relationship

between serotype and pathogenicity of the organism (Torssander et al. 1996). This

technique, however, may not discriminate at the strain level as other techniques have been

able to detect strain variation over time.

REA analysis of the nuclear ribosomal RNA gene and repetitive DNA probing used in

combination can distinguish strains from the oral cavity and the vagina of women (Dahl et

al. 1997), suggesting infection-site preferences in strains. Conversely, another study

showed that women may have vaginal colonization with a strain identical to that carried in

their oral cavity, a strain that is genetically similar to the oral strain or two distinct strains

(Lockhart et al. 1996).

The strain of C. albicans present in the oral cavity has been found to vary with age of the

individual and the geographic location from which they originate (Kleinegger et al. 1996).

Genetically distinct biotypes of C. albicans have been identified in age- and geographically-
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distinct infant populations in Tanzania but a correlation with risk factors such as infant's

age, gender, breastfeeding or malnutrition, has not been identified (Matee et al. 1996).

Similar but genetically-distinct biotypes from geographically isolated locations have also

been observed in HlV-positive populations (Tsang et al. 1995). The results of another study

in China have indicated no difference in the biotypes of strains associated with

oropharyngeal candidiasis and asymptomatic caniage of Candida; however, biotype AIR

was only isolated from candidiasis infections (Xu and Samaranayake 1995). This study also

described a number of new biotypes in the Chinese population that had not been described

previously in Western populations. Teanpaisan et al. (2000) identified A1S as the

predominant biotype in HlV-positive and HlV-negative individuals with or without clinical

infection. Their results also indicated an increased variety of biotypes in the HlV-positive

group and that the median amphotericin B MIC of isolates in this group was higher than

those of the healthy group. However, there was no association between biotypes and

antifungal susceptibility patterns.

Using REA and RAPD profiles, Clemons et al. (1997) demonstrated that Singaporean

isolates of C. albicans aÍe much more genetically diverse than those from Europe or the

USA. Additionally, the Southeast Asian isolates were scattered among the clusters from the

European and American geographic locations.

1.3.2.b Gastrointestinalcandidiasis

The gastrointestinal tract is colonized with yeasts in 20Vo of individuals (Blinzler et al.

I99l). C. qlbicans, C. dubliniensis and C. tropicalis have a high affinity for purified small

intestinal mucin and an associated increased virulence in gastrointestinal infection (de

Repentigny et al. 2OO0). Fungal infections, predominantly caused by C. albicans, are often

associated with gastric ulcer and, less frequently, with chronic gastritis. The C. albicans

infection has been shown to inhibit the healing process in these two diseases (Zwolinska-

Wcislo et al. 1998).

It has been proposed that chronic gastrointestinal candidiasis may cause immune

depression in many chronic fatigue syndrome patients making it one of the causal factors of

the syndrome (Cater 1995) prompting an increased medical interest in this particular site of

infection. There remains controversy about the existence of this infection and its over-

reporting without supportive culture diagnosis (Knoke 1996). However, the incidence of

carriage remains unknown and much of the aetiology of the infection is still unclear.
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A decreased intestinal mucosal immunity caused by HIV infection, a decreased CD4+

count and a decreased mucosal IgA have been suggested as the major predisposing factor

for Candida associated diarrhoea (Kakai et al. 1995).

1.3.2.c Vaginal candidiasis

Asymptomatic vaginal caniage of Candida occurs in approximately 7.3Vo of the healthy

female population (Perera and Clayton 1994) and the species C. albicans colonizes 24Vo of

women with some symptoms of vaginal infection (Eckert et al. 1998). Risk factors for

Candida vaginal colonization have been reported to include frequent sexual intercourse, the

use of condoms, recent antibiotic use and past gonococcal infection (eg., Eckert et al. 1998).

There has also been a strong link made between increased oestrogen levels and the presence

of Candida infection (Dennerstein 1998). There is no evidence that immunosuppression

increases the risk of vaginal candidiasis in women (V/hite et al. 1997). However, HfV-

positive women have a higher incidence of the infection (Schuman et aL 1998) but only

when their CD4+ count drops below two hundred cells/mm3 lDuerr et al. 1997).

C. albicans remains the predominant causative species of vaginal candidiasis but C.

glabrata and C. tropicalis are also prevalent (eg., Kaya and Kiraz 1994, Al Hedaithy and

Fotedar 1991, Abl Elteen et al. 1997). As with oral infections, recurrent Candida vaginal

infections may be caused by a number of different strains of C. albicans whose

predominance changes over time, or by the same strain that may undergo minor genetic

alterations during successive infections resulting from antifungal drug treatment (Schroppel

et al. 1994). The source of sequential infections with the same infecting strain has been

traced to the oral cavity of the women's male sexual partner (Lockhart et al. 1996). The

male's oral cavity has also been identified as a source for replacement strains during

successive infection causing a mixed infection at first, then becoming the dominant

colonizing strain (Schroppel et aL 7994). Another epidemiological study showed that in

some patients with recurrent vaginitis, there is a common genotype isolated from vaginal,

faecal and oral samples of the infected woman and from seminal, faecal and oral samples of

their male partner (Mendling et aI. 2000). Using various molecular techniques, recurrent

vaginal infection has been attributed to three different scenarios. Namely, maintenance of

the original infecting strain over time, minor genetic variation in the original infecting strain

and strain replacement (eg., Schroppel et aI. 1994, Lockhart et al. 1996, Seoighe et al.

2000).
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There has been no evidence of increased antifungal resistance in strains of C. albicans

isolated from recurrent vaginal infection despite long-term antifungal treatment (Lynch et

al. 1996). It has, however, been reported that there may be selection for C. glabrata strains

with antifungal treatment, causing chronic or recurrent infection (D. Ellis, pers comm.).

Candida colonization has been reported to increase with pregnancy, an increased sexual

activity, the use of hormonal contraception and diabetes mellitus (Margariti et al. 1997).

Other studies have found no correlation with diabetes mellitus (Hunjak et al. I99la) or the

complications associated with diabetes (Hunjak et aL I997b). In one study, a decrease in

Candida colonization was noted post-menopause (Hillier and Lau 1997), whereas another

found no association (Hunjak et al. 1997b).

Atypical C. albicans isolates have been identified from vaginal infections. These strains

were unable to use glucosamine or N-acetylglucosamine as their sole carbon source, they

were germ-tube positive and chlamydospore negative, but were still identified as C.

albicans using RAPD profiles (Tietz et al. 1995).

1.3.2.d Candiduria

Candiduria, or Candida colonization of the urinary tract, is prevalent in l-5%o of

hospitalized individuals (Munoz et al. 1998). Often the candiduria is associated with

candidaemia (disseminated infection) (Phillips and Karlowicz 1997), in which the kidney is

one of the organs involved (Munoz et al. 1998), and may involve the formation of renal

fungal balls in the pelvis (Phillips and Karlowicz 1997). Associations have also been made

with diabetes mellitus and urinary tract abnormalities (Kauffman et a\.2000). C. tropicalis

and C. glabrata are frequently isolated from cases of candiduria (eg., Al Hedaithy and

Fotedar 1997, Knoke et al. l99l). Between 1994 and 1998, there was an increase in the

minimum inhibitory concentration (MIC) of fluconazole and the incidence of fluconazole

resistance in C. albicans and C. tropicalis isolated from candiduria (Baran et al.200O).

Urinary catheterisation or nephrostomy are primary risk factors for urinary ilact Candida

infection (eg., Oravcova et al. 1996). However, other risk factors, such as concomitant

fungal infection at another site and diabetes mellitus have also been positively correlated

with this infection (eg., Oravcova et al. 1996). Additionally, patients on antibiotics, with
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indwelling catheters and diabetes mellitus are at increased risk of recurrent candiduria

(Khatib et al. 1998).

Treatment of the patient with broad spectrum antibacterials or more than one being used

concurrently, and the use of corticosteroids, quinolones, and immunosuppressive agents

have all been identified as potential risk factors for urinary tract Candida infection (eg.,

Durupinar et al. 1996).

In one study, all but one case of recurrent infection was caused by persistence of the

original infecting strain (Khatib et al. 1998). This result suggests reinfection from a

common source or re-emergence of the symptoms associated with the infection.

1.3.2.e Systemic and disseminated Candida infections

Nosocomial fungal infections, usually involving infections of surgical wounds or the

bloodstream, are caused by Candida species in'78Vo of cases (Grohskopf and Andriole

1996). These candidaemias are often associated with high mortality (Lundber1 et aI. 1998).

The incidence of nosocomial candidaemia has continued to increase, even after the

introduction of fluconazole. Unlike other types of infection, there has been an increase in

the fluconazole and itraconazole susceptibility of C. albicans isolates obtained from these

infections (Deleroziere et al. 2000). Some authors have reported an increase in the

prevalence of Candida nosocomial infections since the introduction of fluconazole in the

early 1990's (eg., Chen et al. 1991, Chiu et al. 1997), whilst others have reported a

significant decrease during the same time (eg., Debusk et al. 1994).

The prevalence of nosocomial infections caused by species other than C. albicans has

also increased. Recently, it was reported that, in the Slovak Republic, the incidence of

species other than C. albicans isolation from fungaemia increased from OVo in 1989 to

46.3Vo of Candida species in 1998 (Krcmery and Kovacicova 2000). C. qlbicans remains

the most frequently isolated Candida species in bloodstream infections (Pfaller et a\.2000).

The second most prevalent species, C. glabrata, has been associated with increased

mortality and was more commonly isolated in young females in a survey of Israeli hospitals

(Rennert et aI.2000).

Underlying gastrointestinal disease or abdominal surgery is a predominant risk factor for

peritonitis (Stratov et aI. 1998, Hennequin 2000). The hospitalized patients most at risk are
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those previously immunocompromised through HIV infection, cancer, bacterial sepsis,

burns and post-operative complications (eg., Grohskopf and Andriole 1996, Dean and

Burchard 1998). Additional risk factors for these individuals include the presence of a

central venous catheter, prior antibiotic use and neutropenia, or low white blood cell count

(Grohskopf and Andriole 1996). An increased risk that the infection will become fatal

occurs when a patient is elderly, when a patient is infected with C. parapsilosis, when they

have hypotension, if their catheter is not removed, or with no antifungal treatment (Nucci e/

al. 1998).

In the study by Shin et al. (2001), persistent or recurrent fungaemia due to C.

parapsilosls was predominantly caused by a different strain at each infection. Luu et aI.

(2001) identified an immense range of genetic diversity between bloodstream isolates and

clustering with oral isolates. These authors suggest that invasive potential is more

dependent on host immune status than the genotype of the infecting strain. Potkonen et al.

(2001) found multiple C. albicans strains in 11 bloodstream infections, also suggesting that

the infection is opportunistic.

Malignancies, prematurity and congenital abnormalities are risk factors for neonatal

candidiasis (Chiu et al. 1997). Leukaemic and neutropenic patients are more commonly

infected with C. tropicalis, whilst patients receiving fluconazole are more likely to be

infected with C. glabrata, suggesting that the infecting Candida species may be influenced

by the patient's immune system (Hung et al. 1996). Burns patients are more likely to get

Candida sepsis if they have large burns (I4-98Vo of their body surface), a central venous

line and respiratory problems requiring ventilator support (Fridkin and Jarvis 1996).

It has been shown that Candida may be carried on the hands of healthcare workers in an

intensive care unit, thus providing an important source of infection for patients within the

ward (eg., Flanagan and Barnes 1998, Huang et aI. 1998). The prevalence of carriage of C.

albicans on the hands of healthcare workers has been estimated at I7%o (Voss et al. 1995),

and of C. parapsilosis at 267o (Diekema et aI. 1997). However, not all systemic infections

are of nosocomial origin. One study reported that the C. glabrata isolated from a mixed

disseminated infection with C. albicans, originated in the patient's oral cavity (Bougnoux e/

aI. 1997).
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1.4 Aims

This thesis will address some of the current conflicts of mycological research in relation

to the human pathogenic fungal genus Candida and, in particular, the most predominant

species C. albicans. Determining the clinical importance of different populations/strains of

C. albicans, that is, whether there are clusters of strains that cause systemic infections, that

have acquired antifungal resistance, that are more pathogenic, etc., has obvious clinical

implications in the future diagnosis and treatment of C. albicans infections. The biological

model produced using this species forms the basis for an evaluation of the genus Candida

that can then be superimposed onto other fungal pathogens. This type of evaluation requires

the use of methods for the accurate identification of theorganism to the species level, a

highly discriminatory method for strain differentiation with in the species and the ability of

these methods to cluster isolates into a genetic framework of relatedness. This facilitates the

recognition of clinically significant genetically related groups of isolates. The biological

characteristics of clinical importance must also be accurately identified. For example, the

importance of C. albicans infections in HlV-positive individuals, the acquisition of

antifungal resistance by strains of C. albicans, the clinical symptoms of infection and the

immunocompromisation of the infected individual. Unfortunately, as with characters

currently available for species identification, many of the predisposing factors and C.

albicans strain-specific characteristics remain controversial.

To reiterate, our knowledge of the disease processes of Candida will be greatly enhanced

by having a comprehensive understanding of the systematics, and hence, the epidemiology

of this important fungal pathogen in humans. Moreover, it is important to keep in mind that

Candida is a parasitic infection of humans, hence being influenced directly and indirectly by

the host as well as other organisms co-inhabiting the sites of colonisation and infection.

This is particularly complex in such sites as the oral cavity, in which there are dynamic

interactions between numerous co-inhabiting organisms.
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1.4.1 Specific Aim

The aim of this thesis is

To examine the systematics of the genus Candida using a combination of traditional and

contemporary methodologies. These methods will also be assessed to determine their

diagnostic potential to unequivocally identify and characterise species and strains of this

medically and dentally important yeast genus.

1.4.2 Rutionale

Why use a combination of traditional and contemporary characters to accurately identify

organisms? No single character should be used to identify any genus or species prior to a

comprehensive assessment of its utility in the context of an overview of the relationships

obtained using all of the available information from a range of techniques. This approach

stems from the discipline of systematics. A more simplified diagnostic approach can be

designed once a range of different characters has been assessed concurrently and an

overview of the variability within the taxa to be identified has been determined.

Each technique has its advantages and disadvantages. DNA based methods have the

advantage of being universally comparable and single characters or genes can be compared

at any one time, but the accuracy of the obtained phylogeny relies on the accuracy of the

gene chosen to represent the molecular clock. It is not likely that the resultant genetic

relatedness based on a single gene of two obviously morphologically and biochemically

diverse organisms will be accepted readily. Herein lies the problem associated with the

reclassification of fungi into genetically related anamorphs and teleomorphs when,

according to traditional taxonomy, they are derived from biochemically and

morphologically distinct genera or even phyla. The teleomorphs described so far for species

within the single genus Candida span these taxonomic divisions.

An accurate indication of true taxonomic and phylogenetic relationships also relies on a

systematic evaluation of numerous reference and clinical isolates. These isolates represent

the scope of known biological diversity. Results from such a study may uncover

contentious issues regarding the validity of taxa and the diagnostic characters used to define

them. Without investigations of the systematics of clinically important organisms,

diagnostic techniques, treatment regimes, disease prognoses, epidemiological information,

and transmission mechanisms are based on limited data sets, perhaps consisting of
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clinically-irrelevant reference isolates. Such issues are particularly relevant when

investigating and treating potentially pathogenic organisms in human disease. Once the

correct systematics of the genus, and the species within it, has been determined, an accurate

epidemiological investigation can be conducted.

1.4.3 Specific objectives

The specific aim of this thesis will be addressed by achieving the following specific

objectives;

(a) to evaluate and optimise the method of allozyme electrophoresis (syn. multilocus

enzyme electrophoresis) to study yeast genetics and then to apply this method;

(b) to determine the taxonomy of the genus Candida and related genera and

(c) to assess the epidemiological and diagnostic utility of allozyme electrophoresis for C.

albicans and related species. Then appropriate isolates will be selected on the basis of the

derived genetic framework

(d) to determine the phylogenetic and taxonomic utility of potential molecular clocks and

(e) to determine the epidemiological utility of highly variable molecular sequences.

The following Chapters encompass the general materials and methods used throughout

this thesis; minor method modifications, results and interpretations for each experimental

component; and a general overview discussion. The discussion addresses the practical

diagnostic utility of the methodologies assessed and the impact the results will have on

current and future approaches to studying the systematics of fungi, particularly C. albicans.
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2 GBNERAL MATERIALS AND METHODS

Traditional and contemporary methods were used to identify and characterise isolates of

Candida and related genera in order to address the specific objectives outlined in Chapter 1.

Chapter 2 encompasses descriptions and protocols for the specific methods used throughout

the thesis. Appendix 2 provides the chemical formulae and full details of the isolates used

throughout this thesis.

The type and reference strains described in this thesis were originally derived from single

colonies of each sample prior to their deposition in the culture collections. It was therefore

assumed that the cultures obtained from reference collections were pure cultures and their

purity upon receipt was only checked using cellular morphology. In order to address the

issue of mixed colonization in clinically derived samples obtained during the current study,

multiple well-isolated colonies were selected and subcultured independently. The cell

lysates of these single colonies were then analysed as a pooled sample. This prevented the

genetic selection of one of the types present in a mixed sample during culturing prior to its

analysis in the current study.

Each individual colony used in this thesis was initially identified using traditional

biochemical and morphological characters as described in section2.I.3 (p.,51). The type

and reference strain identities were assumed to be correct upon supply of the strain from the

reference collection. The clinical samples were initially identified as yeasts from their

colonial and cellular morphologies then assessed for their ability to form germ-tubes, which

identified them as either C. albicans or another species of Candida. Each sample was then

subjected to allozyme electrophoresis (section 2.2.2 p., 54-58) to determine its genetic

relatedness to the type and reference strains. This method has proven successful for this

type of research in bacteria (eg., Selander et al. 1990), and has resulted in the recognition of

bacterial cryptic species and species complexes (as discussed in the Introduction).

Particular samples were then selected on the basis of the allozyme electrophoresis results

(presented in Chapter 3, p., 65) for molecular analysis. The DNA targets for this analysis

included the 18S rRNA gene and the two highly variable flanking regions of the 5.8S rRNA

gene, ITSI and ITS2. The 18S rRNA gene has been well recognized as a potential

molecular clock due to its high conservation (eg.,Hendriks et aL l99l), the ITS regions are

more variable and have been suggested as discriminatory below the species level (eg., Ltn et

al. 1995), and the 5.8S rRNA gene is used as a conserved anchoring point for their accurate
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sequence alignment. The approach used therefore encompasses traditional and

contemporary methods with a range of levels of discriminatory power, each result

contributing different information and allowing a preliminary evaluation of current methods

used to determine the identity and epidemiology of Candida.

2.1 Sample collection, growth and preparation

2.1J Type ønd reference strains of Candida and related genera

The type and reference isolates used in this thesis and their original environmental or

clinical sources are given in Table 2.1 (p., 49). These isolates comprise the thirteen

medically-relevant species of Candida (Section I.2.3 p., I4); a representative of

Saccharomyces cerevisiae which represents a sister taxa to Candida (see Cai et aL 1996,

James et al. l99l); and two basidiomycete species Cryptococcus neoþrmans and

Trichosporon beigelii, providing a distant fungal taxonomic relationship,. Thelatter 3

species and their clinical relevance are described in section 2.I.2 (p., 48). The Candida

reference and type strains used in the pilot studies were obtained from the Mycology Unit of

the Women's and Children's Hospital (WCH), North Adelaide, South Australia.

Subsequently, these and additional reference strains were purchased from the American

Type Culture Collection, Manassas, VA, USA (ATCC strains) and the Centraalbureau voor

Schimmelcultures, Baarn, Netherlands (CBS strains). It is important to re-iterate at this

point that type strains are the only true representative of a species and all other isolates,

including reference strains, are identified according to their similarity with these strains. The

appropriateness of designated reference strains relies on the accuracy of the method initially

used to identify it.

2.1.2 Non-Candida fangal species of clinical relevance

There are a number of opportunistic fungal pathogens that do not belong to the genus

Candida, but that are of increasing clinical importance in human infection. Following is a

description of the identifying characteristics and clinical relevance of the non-Candida

species used in this study, as detailed in the "WCH Mycology Online" web site

(http://www.mycology.adelaide.edu.aul last accessed S|OI/02). The defining characteristics
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Table 2.1; Details of the reference and type strains analysed in this thesis

Isolate Species Site of isolation

ATCC 90028

CBS 562T .

l't484

ATCC 90029

CBS 8347

ATCC 46764

1s526

CBS 79877

CBS 40247

ATCC22981

CBS 5667

ATCC 6260

CBS 604T

ATCC22OI9

ATCC 90018

CBS 65647

CBS 1387

ATCC 9OO3O

CBS 69367

ATCC 42'720

C. albicans

C. albicans

C. albicans

C. albicans

Kluyv e ro my c e s marxianus ( C. ke¡, ¡ ¡b

C. kefyr

C. dubliniensis

C. dubliniensis

C. viswanathii

C. viswanathii

Pichia guilliermondii ( C. guilliermondii)

C. guilliermondii

C. parapsilosis

C. parapsilosis

C. parapsilosis

P ichia no rve gensis ( C. norv e gensis )

C. glabrata (Torulopsis glabrata)

C. glabrata (Torulopsis glabrata)

Clavispora lusitaniae ( C. lusitaniae )

C. lusitaniae

C. tropicalis

C. tropicalis

Issatchenkia orientalis ( C. krusei)

C. krusei

C. haemulonii

C. famata
Saccharomyc e s c e revisiae

Cryptococcus neoþrmans var. gattii'
Cr. neoþrmans var. gattii

Cr. neoformans var. neoformans'

Cr. neoÍormans var. neoþrmans

Trichosporon beigelii

blood, Iowa

skin (interdigital nrycosis), Uruguay

Human

blood, Iowa

kefyr grains, Netherlands

clinical isolate, Texas

Human

oral cavity, HIV-positive, Ireland

meningitis, cerebrospinal fluid, India

cerebrospinal fluid, India

Sputum

Bronchomycosis

case of sprue, Puerto Rico

case ofsprue, Puerto Rico

blood, Virginia

pregnant woman's vagina, London

human faeces

blood, Iowa

citrus essence, Israel

blood, myelogenous leukaemia patient,

California

Bronchomycosis

sputum, bronchitic convict, Sri Lanka

sputum, bronchitic convict, Sri Lanka

gut of Haemulon sciurus (fish), Florida

air, Japan

spinal fluid of man,Zaire

cerebrospinal fluid, Pennsylvania

fermenting fruit juice

cerebrospinal fluid, Pennsylvania

CBS 947

ATCC 13803

CBS 5737

ATCC 6258

CBS 51497

CBS 94OT

ATCC 260I

CBS 62897

ATCC 901I3

CBS 1327

ATCC 90112

CBS 24667

a

b

c

r 
= type strain ofthe species

Species names in brackets are the synonymous or teleomorph species names of the isolates supplied.
Cr. neoþrma,?s var. gatîii and Cr. neoþrmans var. neoþrmans are the two recognized serovars of

the species.
The following pairs of strains originated from the same strain; CBS 4024 and ATCC 2298I, CBS 566
and ATCC 6260, CBS 604 and ATCC 22019, CBS 573 and ATCC 6258.

d
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described have been used by the Mycology Unit at the WCH for the identification of

isolates in this thesis.

2.1.2.a Saccharomyces cerevisiae Meyen ex Hansen

Saccharomyces cerevisiae is an ascomycete and is commonly used in bread, cheese, beer

and wine production. This species is rarely isolated from human infection but it has been

suggested that some strains within the species are better adapted than others to cause

infection (McCullough et al. 1998). According to phylogenetic information, is the fungal

species most closely related to the genus Candida. Colonies of S. cerevisiae have the same

appearance as Candida on Sabouraud's dextrose agar; that is they are white to cream,

smooth, glabrous and yeast-like. Microscopic morphology shows large, globose to

ellipsoidal budding yeast-like cells or blastoconidia. This cells usually exists as budding

blastospores but can form pseudohyphae. No associated teleomorph has been identified for

the species.

Genetic variation within the genus Saccharomyc¿s is evident from telomeric repeat

sequence comparisons (Cohn et aL 1998). However, these sequences also possess a

conserved core sequence with genetic identity to Candida glabrata, which supports the

close phylogenetic proximity of the genera Candida and Saccharomyces.

2.1.2.b Cryptococcusneoþrmøns(Sanfelice)Vuillemin

Unlike the ascomycete genera discussed previously, Cryptococcus neoþrmans belongs

to the phylum Basidiomycetes because it produces basidiospores. The teleomorph for this

species is Filobasidiella neoþrmans. The species Cr. neoþrmans has been divided into

two well-defined serogroups Cr. neoþrmans var. gattii and Cr. neolormans var.

neoþrmans. Associated with this, the teleomorph has also been separated into two

varieties, which have subsequently been confirmed as distinct mating types. The two

serovars are also distinguishable biochemically, with Cryptococcus neoþrmans var. gattii

turning Canavanine-glycine-bromothymol from clear to blue (CGB) agar blue while Cr.

neoþrmans var. neoþrmans unable to. A number of molecular techniques that are able to

discriminate between the two serovars of this species have also been described (eg., Meyer

et al. 1993, Brandt et al. 1995, Sandhu et al. 1995).
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Cr. neoþrmans is most commonly isolated from respiratory tract and nervous system

infections. Non-immunocompromised individuals are more often infected with

Cryptococcus neoþrmans var. gattii, whilst Crytptococcus neoþrmans var. neoþrmans is

more frequently isolated from immunocompromised individuals, particularly those who are

HlV-positive. The latter serovar is also the most common causative organism of fungal

meningitis.

Cryptococcus neoþrmans vat. gattii has been associated with Eucalyptus species,

particularly E tereticornis, which has been identified as the natural habitat of this

cryptococcal serovar (ref.). On the other hand, the source of infection for Cryptococcus

neoþrmans var. neoformans has been identified as avian excreta and particularly weathered

pigeon droppings (ref.).

2.1.2.c Trichosp oro n b eigelü (Kuchenmeister & Rabenhorst)

Vuillemin

Trichosporon beigelii is also a basidiomycete species. Trichosporon cutaneum Ota is a

synonym of this species. Trichosporon beigelii has colonies that appear white or yellowish

to deep cream in colour, smooth, wrinkled, velvety and dull in appearance with a mycelial

fringe on Sabouraud's dextrose agar. This species forms abundant pseudohyphae and some

true hyphae segmenting into arthroconidia. The genomic G+C content of the species ranges

from60.7Vo to 63.5Vo.

This species is normally associated with skin and is a common environmental isolate. It

usually causes disseminated opportunistic infections in immunocompromised individuals,

particularly those who have cancer or are HlV-positive. The infections often cause lesions

in organs.

2.1.3 Cøndidq clinical sample collection and cuhurtng

For the purposes of this thesis, one hundred HlV-positive patients and forty HIV-

negative individuals were sampled by methods described below. Clinical samples were

collected for assessing; the prevalence of different Candida species in HlV-positive and

HlV-negative individuals with and without obvious candidal lesions; the rate of mixed

colonization; and the genetic variability within and between the species of Candida,

particularly C. albicans, isolated from these individuals. The full details of the origins of all
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clinical strains used in this thesis are contained within Appendix 2 (Table 1) and the details

of the particular strains used for each component of the cuffent study are summarized in

each of the relevant Sections of the Results Chapter. The following is a description of the

sampling strategy employed for their collection, cultivation and preparation.

Clinical Candida samples from the oral cavities of HlV-positive individuals with and

without obvious candidiasis infection were obtained using an oral rinse protocol. Some of

these patients were participating in a Fungilin@ lozenge trial (see

http://www.thebody.comlpwa/ampho.html for a description of various Amphotericin B

delivery systems and dosages). The subjects were asked to mouthrinse for 30 seconds with

10mL of sterile distilled water, which was then collected in a sterile universal container.

This technique is acknowledged to be an appropriate method for the recovery of C. albicans

from the mouth (McCullough and Hume 1995). Also, any obvious candidal lesions were

sampled separately using a cotton swab. All of the collected samples were handled

microbiologically, as described below. For sampling from HlV-negative individuals, 0.5m1

of stimulated, undiluted saliva was used instead of the oral rinse sample. Since it has been

estimated ThaT 4OVo of healthy individuals asymptomatically catry Candida and the numbers

of colony forming units is predicted to be lower, a more concentrated saliva sample was

required from HfV-negative individuals. The prevalence of carriage of Candida in this

population was also determined during this phase of the experimentation.

All samples were plated onto selective Sabouraud's dextrose agar plates containing

chloramphenicol and gentamycin, purchased from Medvet Science Pty. Ltd. (Adelaide,

South Australia). Six well-separated colonies from the culture positive samples from HIV-

negative asymptomatic carriers were chosen at random. Preliminary species identification

of colonies involved determining the ability of the sample to form germ-tubes which

identified the sample as C. albicans or another Candida species. The six colonies were then

re-plated separately onto Sabouraud's dextrose agar for confluency and grown at room

temperature for two to three days, after which they were harvested in2mL of sterile distilled

water. Clinical samples from HlV-positive individuals were purified in the same way at the

IMVS diagnostic unit and positive cultures were forwarded to the Mycology Unit of the

WCH for the germ-tube test. Six colonies were chosen to determine the incidence of mixed

colonization and to allow effective statistical analyses. Once the clinical samples had been

preliminarily identified and recultured on Sabouraud's dextrose agar, they were forwarded

from the WCH along with limited patient details. The clinical isolates were also harvested
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in 2mL of autoclaved distilled water and all cultures were stored at room temperature. The

purity of isolates was confirmed during manipulations using Gram staining, cell

morphology, and growth on selective media.

Additional clinical isolates collected prior to the commencement of this project were also

provided from a culture collection of the Mycology Unit at the V/CH. These isolates were

obtained from various sites of infection as stated in Appendix 2 (Table 1). Originally, single

well-separated colonies had been sent to the WCH where their species identity was

determined and they were subsequently stored in glycerol. For the purposes of this thesis,

particular strains were chosen for their biological relevance, taken from this storage, grorwn

to confluency of Sabouraud's agar slopes for inclusion in the study. These isolates were

also stored in 2ml of autoclaved distilled water until required for experimentation.

2.1.4 Sonication and cell lysate prepqration fo, allozyme

electrophoresis

Samples were taken from water storage and regrown on Sabouraud's dextrose agar plates

for twenty-four to forty-eight hours at room temperature. Their purity and identity were

confirmed using Gram staining. Confluent cell growth was then harvested in approximately

1 ml of 100 mM Tris HCI pH 7.4, and the cells were pelleted using centrifugation. An

appropriate volume of lysis buffer (5-50p1; dependent on the cellular volume collected after

centrifugation), consisting of O.l%o þ-mercaptoethanol and 100pgml t NADP in 100 ml

H2O, was added and the cells were disrupted by ultrasonication. The cell debris was

pelleted using centrifugation and the resultant cell lysates were collected in capillary tubes

in approximately 2¡tl aliquots and stored at -20"C until electrophoresed.

2.1.5 DNA preparøtion

The cellular debris pellets obtained during the preparation of lysates for allozyme

electrophoresis (after sonication and removal of the lysate) were also stored at -20"C. These

cell pellets were subsequently used as a source of DNA for the molecular component of this

thesis. Either the cell pellet itself was used in the PCR, or the DNA in the cell pellet was

partially purified using Chelex beads (Appendix 2,Table 2).
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2.2 Techniques

Traditional and contemporary techniques were used in the research component of this

thesis. The traditional methods included those currently used in mycological diagnostics

such as determination of the biochemical profile and cellular and colony morphology.

Although there are a number of alternative contemporary methods available for species and

strain discrimination, the objectives of the present study did not allow assessment of the

utility and applicability of every technique. However, this thesis has focused on the

techniques of allozyme electrophoresis and sequence comparisons of various segments of

the ribosomal RNA gene region with differing levels of genetic conservation. The

justification for the choice of these techniques have been stated throughout this thesis (ie.,

allozyme electrophoresis Sections2.2.2p.,54,3.1 p.,65 and 3.2p.,93; 18S rRNA sequence

comparisons Sections 1.1 p., 2 and 3.5 p.,200; ITS I and2 sequence comparisons Sections

1.3.2 p., 30 and 3.6 p., 225).

Each of the following methods is a standardized protocol. Any minor modifications are

addressed in the relevant subsections of Chapter 3 (p., 65).

2.2.1 Traditionøl identification techniques

Each isolate obtained was identified to the species level according to traditional

characters as described above. Isolates were initially exposed to 0.5m1 of horse serum

containing 0.8Vo glucose, for 2hrs at 37"C, to determine their propensity to form Germ

tubes, a diagnostic character for C. albicans. In the present study, if an isolate was germ

tube positive it was presumed to be C. albicans but if it was germ tube negative the isolate

was further typed using the API 20C biochemical assimilation methods. Although the

utility and diagnostic value of the germ-tube test has been questioned (Section 1.2.3 p., I4),

it is still widely used as a diagnostic tool. The preliminary identities of isolates that were

obtained were used as a basis for further identification analyses in this thesis.

2.2.2 Allozyme electrophoresis

Allozyme electrophoresis is the differential migration of non-denatured proteins,

particularly enzymes, across a support medium under the influence of an electrical charge

(Andrews and Chilton 1999). A difference in the net charge of proteins, their size and/or

shape influences the point of their migration. The charge of the protein is also influenced by
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the pH of the buffer used for the electrophoresis (ie., the running buffer), in a similar

manner to isoelectric focussing. The differences in net charge are attributable to differences

in the secondary (amino acid) structure of the enzymes, which are a reflection of the

primary (codon) structure of the protein. The separated enzymes are visualized on gels

using histochemical stains that rely on the activity of the specific enzyme they detect.

Differences in the banding patterns of enzymes therefore indicate differences in the genomic

sequence of the enzymes. It should be noted however that the reverse is not an assumption;

that is, identity in the migration position is not necessarily indicative of identity in genomic

sequence. Redundancies in the genetic code and similarities in the charges of different

amino acids will not be detected (Selander and Whittam 1983, Graur 1986).

The metabolic enzymes investigated using allozyme electrophoresis are independent (ie.,

not genetically-linked) and spread across the genome. The number of loci at which two

isolates differ from each other is used to infer the genetic relatedness of the isolates ie., the

more alleles two isolates differ at, the more distantly related they are to each other. A recent

review by Andrews and Chilton (1999) further discusses the interpretation of allozyme

electrophoresis results. Since each enzyme represents an independent genetic character, it is

more important to ensure that an adequate number of loci are assessed (ten to fifteen

according to Selander and Whittam 1983) than a large number of isolates assessed at few

loci.

2.2.2.a Electrophoresisandhistochemicalstainingmethods

The cell lysates for each sample were loaded onto cellulose acetate ('Cellogel',

Chemetron, Milan) and electrophoresed at 200 V for lr/+ hrs at 4"C. Enzymes were

histochemically stained according to the methods of Richardson ¿/ al. (1986) and Selander

et al. (1986) except for some minor modifications noted in Chapter 3 (p., 65). After

screening thirty-seven enzyme loci using a small selection of isolates (Appendix 2,Table 3),

a panel of twenty enzymes was selected for use in the majority of allozyme electrophoretic

analyses. This panel of enzymes had sufficient staining intensity, resolution and diagnostic

potential. The optimisation of this technique is further explained in Section 3.1 (p.,65).

The enzyme identities, EC numbers and the most appropriate running buffer for their

electrophoresis are detailed below in Table 2.2 (p.,56).
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Table 2.2; E,nzyme loci that were histochemically stained,

their E.C. numbers and the running buffer used in the

present study. The running time for all loci was lr/qhrs

Enzyme locus E.C. number Running bufferu

alcohol dehydrogenase (ADH)

aldolase (ALD)

enolase (ENOL)

esterase (EST)

fructose diphosphatase (FDP)

fumarase (FUM)

glutamate dehydrogenase (GDH)

glucose-6-phosphate dehydrogenase (G6PD)

glucose phosphate isomerase (GPÐ

hexokinase (HK)b

inosine dehydrogenase (IDH)

nucleoside diphosphate kinase (NDPK)

nucleoside phosphorylase (NP)

leucine-alanine peptidase (PepA)

leucine-glycine-glycine peptidase (PepB )

phosphoglycerate mutase (PGAM)

6-phosphoglucose dehydrogenase (6PGD)

phosphoglucomutase (PGM)

pyruvate kinase (PK)

1.1. 1. 1

4.1.2.t3

4.2.t.tt

3.1.1.1

3.1.3.rr

4.2.r.2

1.4.1.3

r.t.r.49

5.3.r.9

2.t.r.r

1.r.r.42

2.7.4.6

2.4.2.r

3.4.11or .13

3.4.11or .13

2.7.5.3

Lr.L44

2.7.5.1

2.1.r.40

TM

TM

Phos

TM

Phos

TM

Phos

Phos

Phos

TM

Phos

Phos

Phos

CP

CP

Phos

Phos

Phos

Phos

u Running buffers are annotated as follows; TM is 0.05 M Tris maleate
buffer pH 7.8, Phos is 0.02 M phosphate buffer pH 7.0 and CP is 0.0lM
citrate phosphate buffer pH 6.4.

b Two HK loci were evident for most species in the present study.
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2.2.2.b Analytical methods

The interpretation of the banding patterns obtained can be a predominant source of

inaccuracy when using allozyme electrophoresis. Prior knowledge of the quaternary

structure of the enzyme and the purity of the culture are vital to avoid misinterpretation.

Additional factors that need to be taken into account include the presence of multiple loci

and multiple alleles for the enzymq imperfect resolution of the banding pattern, warping on

the gel, differential staining intensity across the gel and post-translational modification of

the enzyme (Andrews and Chilton 1999). The banding patterns of species and genera will

also differ according to the zygosity of the organisms (Figure 2.1 p.,58). Additionally,

differences in the number of bands observed between isolates may indicate contamination of

a sample.

The banding patterns may be interpreted using zymodemes (ie., the phenotype of banding

patterns of all eîzyme examined are compared between isolates) or allozymes (ie.,

genotypic interpretation for each locus, where different alleles are assigned to different

allozymes) (see Andrews and Chilton 1999 for further discussion). For the purposes of the

current study, allozymes were used and scored in order of increasing anodal migration. The

resultant allelic profiles were statistically analysed using pairwise comparisons of the

unweighted pair group method using arithmetic averages (UPGMA) (Sneath and Sokal

1978). This gave rise to a matrix of the percentage of fixed differences between isolates, or

the number of enzyme loci at which two strains shared no alleles in common. The data

from the matrix was then combined and diagrammatically represented in the form of a

phenogram.

There are a number of distance measures that can be used to estimate the genetic difference

between isolates, including fixed differences, Nei's D values and Roger's distance. For this

study, the most appropriate method was fixed differences because the basic assumption it

makes is that each isolate is a distinct population that is genetically and evolutionarily

isolated. Conversely, the other two distance measures allow the inclusion of multiple

isolates into a population and then a comparison of populations. A recent review by

Andrews and Chilton (1999) further addresses this issue and the application of allozyme

electrophoresis for genetic studies.

57



Figure 2.1; Typical enzyme activity banding patterns observed in the current study

using allozyme electrophoresis and their allelic interpretation

b

a

a; Cell lysates were loaded at the bottom (cathodal) end of this gel. Each band from left to right represents

a different sample. The dark staining bands are the electrophoretic position that the glucose-6-phosphate

enzyme has migrated to, which was subsequently detected using histochemical staining. The allelic

designations then assigned to each of these samples are denoted beneath each band. The fourth sample from

the left has two bands of activity for this eîzyme and is therefore assumed to be either a mixed culture or

heterozygous for this locus.
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2.2.3 Molecular biologícsl methods

The molecular biology component of the current study comprised methods aimed at

determining the genetic relationships between and within Candida species and related

geîeta, and strain variation within a single patient in a mixed culture or over time with

infection treatment.

2.2.3.a 18S ribosomal RNA sequencing

The primers used for sequencing the 18S rRNA gene in the current study were designed

from all of the complete sequences for this gene available on Genbank for the genus

Candida, particularly the species and related genera used in this thesis (Section 3.5.2.b,

Table 3.45, p.,202). Genbank sequences were aligned, both manually and using the Malign

program, and areas of conserved homology between the sequences were assessed for their

suitability as primer binding sites using DNASIS (version 7.0, Hitachi Software Engineering

Company Ltd, I99I). The final primer design for amplifying the entire 18S rRNA gene

incorporated six overlapping primers, three 5' and three 3', as depicted in Figure 2.2beIow

(p., 61). Each PCR product overlaps with the next forming a continuous sequence of the

entire gene. The alignment of Genbank sequences produced a consensus sequence and the

sizes of the PCR products estimated from this consensus sequence are; M18S1-M18S6

49Ibp, M18S5-M18S3 550bp, M18S4-M18S2 683bp. The sequences of each primer and

the sequence base number that they bind to, are contained within Table 2.3 (p.,62). Primers

were purchased from BRESAtec, (Thebarton, South Australia) at the 4Onmol scale in a

reverse phase purified form. The primers were diluted to a concentration of lmg/ml with

milliQ water. PCR amplifications were conducted using a Perkin Elmer GeneAmp PCR

System 24OOO according to the protocol in Table 2.4 (p.,62).

2.2.3.b 5.8S ribosomal RNA and flanking region sequencing

As was the case for the 18S rRNA gene sequencing, cell pellets of appropriately selected

isolates were used as DNA sources for the amplification and sequencing of the 5.8S rRNA

gene and the internal transcribed sequences (ITS) flanking this gene within the ribosomal

RNA coding region. The primer binding sites were located within the 18S and 265 rRNA

genes on either side of the ITS regions (Figure 2.3 p., 63). The rRNA subunit genes are
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highly conserved for functional reasons and therefore make ideal stable binding sites. The

primer sequences used to amplify these regions were as used by White et al.(1990), namely;

ITS4 - 5' TCC TCC GCT TAT TGA TAT GC 3'- forward primer

located at the 3' end of the 18S rRNA gene

ITS5 - 5' GGA AGT AAA AGT CGT AAC AAG G 3' - reverse primer

located at the 5' end of the 265 rRNA gene

The PCR mix and protocol were as used for the amplification of the 18S rRNA gene,

contained within Table 2.4 (p.,62).

2.2.3.c Sequencing methods

The successful amplification of PCR products was confirmed using agarose gel

electrophoresis (on 0.8Vo asarose TAE gels) following standard procedures (Sambrook et al.

1989). Positive PCR products were purified and the primer removed using the BRESAclean

DNA purification kit (Bresatech Pty Ltd, Thebarton, South Australia) according to

manufacturers instructions. The presence of clean PCR products was again confirmed using

agarose gels. Once the products were cleaned, a sequencing PCR reaction was performed

using an Applied Biosystems Prism Ready Dye Terminator sequencing kit, the protocol for

which was common to all PCR products in the current study and is contained within

Appendix 2 (Table 4). PCR products for sequencing were then ethanol precipitated

(Appendix 2, Table 5) and the sequence of the products was determined using an Applied

Biosystems automated DNA sequencer model 373A and, later, model3Tl.

The sequences generated ,ù/ere aligned using the SeqEd package from Applied

Biosystems. The forward and inversion of the reverse sequence were compared to obtain a

consensus 5' to 3' sequence of the gene of interest. The derived sequences were then

compared with published sequences to confirm the accuracy of the gene amplification.

2.2.3.d, Analysis programs

The sequences obtained for the same gene from different isolates were aligned using

ClustalW (Thompson et al. 1994) using the default program settings. This analysis

produced a phenogram using UPGMA (Sneath and Sokal 1978). The sequences obtained

for the complete 18S rRNA gene were also phylogenetically assessed using a range of

computer packages namely, PHYLIP version 3.5c (J. Felsenstein), PAUPT version 4.0.0d49

for DOS (D.L. Swofford) and MEGA version 1.01 (S. Kumar, K. Tamura, and M. Nei).
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5', M18S1 M1855 M18S4 J

101 bp 566 bp IO97

J

bp 592

M1856

bp 1116

M18S3

bp 1780

M18S2 5'

Figure 2.2;Primer binding positions along the length of the 18S rRNA gene of Cøndida

and related genera used to amplify the entire gene
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Table 2.3; Primer sequences for amplification of the 18S rRNA gene from Candida and

related genera, the base they bind to according to previously published Genbank

sequences and the direction they amplify

M18S1 - 5' TTA AAT CAG TTA TCG TTT ATT TG 3' bp 101 of sequence, forward

M18S2 - 5' CTT CCG CAG GTT CAC CTA CG 3' bp 1780 of sequence, reverse

Ml8S3 - 5' CAG CCT TGC GAC CAT ACT CC 3' bp 1116 of sequence, reverse

Ml8S4 - 5' GGA GTA TGG TCG CAA GGC TG 3'bp 1097 of sequence, forward

M18S5 - 5' AGC AGC CGC CRT AAT TCC AG 3' bp 566 of sequence, forward

M18S6 - 5' TTT GGA GCT GGA ATT ACC GC 3'bp 592 of sequence, reverse

Table 2.4; PCR mix and protocol for the amplification of the 18S ribosomal RNA gene

fromCandida species and related genera

PCR mix I sample)

31.5p1H2O

5pl Amplitaq Gold buffer tr

4pl Amplitaq Gold MgCl2

4pl of dNTPs

2¡tl of each primer

0.5p1Amplitaq Gold

lpl DNA sample

PCR protocol

95'C for 5 minutes

40 cycles of 94"Cfor 30 seconds

55oC for 30 seconds

72"C for 1 minute

72"Cfor 8 minutes

hold at 4'C
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ITSI 5.8SrRNA ITS2

Figure 2.3; Order of the coding regions for the ribosomal RNA subunits, 18S, 5.8S

and 265, and the transcribed flanking regions ITS1 and ITS2
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A number of different analytical methods were used because each program has different

assumptions and may be based on different models of evolution. The methods used

included distance measures, where the evolutionary distance between isolates is estimated,

and character-based methods, where each nucleotide is considered a different character

under its own selective pressures. A consensus phylogenetic relationship was derived from

bootstrap analyses using 500 replicates and CONtree was used to construct a diagrammatic

representation or phenogram of the relationships. This approach was utilized, as it is more

likely to minimize the individual biases of the different analysis techniques and result in a

more accurate phylogenetic relationship. The partial 18S rRNA, ITS1,5.8S and ITS2

sequences were phylogenetically assessed using PHYLIP version 3.5c (J. Felsenstein). The

relationships were obtained using maximum likelihood analyses. Bootstrap values for all of

the phylogenetic consensus trees were obtained using seqBOOT (J. Felsenstein) based on

five hundred replications.
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3 RESULTS AND INTBRPRBTATIONS

The following subsections address the specific objectives of this thesis (Section I.4.3 p.,

46) and include justification for, and any modifications of the methods described in Chapter

2 (p., 47). Specific interpretations are included in each subsection and are discussed in

general terms in Chapter 4 (p.,254).

3.1 Evaluatíon and optimisation of allozyme

electrophoresis for taxonomy and epidemiology

Allozyme electrophoresis has previously been applied to study the epidemiology of C.

albicans (eg., Boerlin et al. 1996, Reynes et al. 1996). This technique has been described

as more discriminatory than DNA-DNA sequence complementarity estimations in studying

the intraspecific variation among yeasts (eg., Boerlin et al. 1995,Le Guennec et aL 1995,

Arnavielhe et aI. 1997). Allozyme electrophoresis has also recently been used for

epidemiological investigations (eg., Mata et aI. 2000, Arnavielhe et a\.2000). A study by

Pujol et al. (1997) found that allozyme electrophoresis, RAPDs and repetitive DNA

fingerprinting were equally discriminatory for clustering C. albicans, resolving down to the

point of determining microevolution within a single strain. However, according to the

literature, allozyme electrophoresis has not previously been used to investigate the

systematics of the genus Candida. In this thesis, allozyme electrophoresis was applied to

establish an accurate genetic framework for the genus, with particular reference to the

species C. albicans. This study involves using isolates from the range of known genetic

diversity to investigate the taxonomy of the genus Candida and the epidemiology of

infection. It is proposed that such a framework will facilitate the unequivocal identification

and characterization of "strains and species" of this medically and dentally important yeast

genus. The subsections of this Chapter comprise optimisation of allozyme electrophoresis,

assessment of the reproducibility of the technique and taxonomic and epidemiological

investigations within the genus Candida. The appendix for this Chapter (Appendix 3)

contains matrices of pairwise comparisons of allelic profiles for each isolate, used to

construct the phenograms. Portions of these matrices, where multiple isolates from a single

patient are directly compared, are also presented in this Chapter.
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Table 3.1; Page numbers for the isolate descriptions, phenograms and

interpretations for each allozyme electrophoresis component of this thesis

Study

Preliminary

Isolate description

Table 3.2,70

Phenogram

Figure 3.I,'72

Interpretation

74

Pilot 1 Table 3.4,78 Figure 3.3, 80 82

Pllot2 Table 3.7,85 Figure 3.4,87 88

General interpretation

Taxonomy Table 3.I0,96 Figure 3.5, 98

90

99

Clinical Candida genus Table 3.12,104-5 Figure 3.6,107 108

General interpretation

Study 1 Table 3.14,113-4 Figure 3.7,1I7

I08

118

Study 2 Table 3.16,120-l Figure 3.8,123 124

Srudy 3 Table 3.18,125 Figure 3.9,l2l t29

Study 4 Table 3.21,131-2 Figure 3.10, 135 r37

Study 5 Table 3.24,140 Figure 3.II,I42 r44

Study 6 Table 3.27,146-7 Figure 3.I2,I50 r52

Srudy 7 Table 3.30,156-l Figure 3.13, 160 r62

Study 8 Table 3.33,165-6 Figure 3.14,169 t7r
Study 9 Table 3.36,174-5 Figure 3.15,178 1 8 1

Study 10 Table 3.39, 185-6 Figure 3.16, 189 t9r
Study 11 Table 3.42,I94 Figure 3.I1,196 197

General interpretation r97
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3.1.1 Pilot screen

3.1.1.a Background

Prior to analysing vast numbers of reference, type and clinical isolates, a panel of the

most appropriate enzyme loci for the majority of allozyme electrophoresis analyses needs to

be identified. This was performed using a small panel of representative samples to screen a

large number of enzyme loci from different metabolic pathways. This electrophoretic

screen ensures that large numbers of isolates are assessed for only the informative enzyme

loci.

The aim was thus;

o to determine the diagnostic value of allozyme electrophoresis within

the species C. albicans and a selection of related species; and

o to identily an appropriate panel of enzyme loci and optimise their

electrophoresis and staining conditions.

3.1.1.b Materials and methods

A pilot screen of thirty-seven potentially diagnostic enzyme loci was conducted

(Appendix 2, Table 3) using 12 clinical isolates. The isolates used for the initial screen are

detailed in Table 3.2 (p., 70). The electrophoresis and staining conditions were varied

where necessary (ie., running buffer, electrophoresis times and stain components) to

improve the enzyme staining intensity and resolution (Appendix2, Table 3).

Once enzyme loci with sufficient staining intensity, resolution and separation had been

selected, the pilot screen incorporated an assessment of a number of sample preparation

variables. The variables assessed were the storage method of isolates (glycerol versus

water), growth conditions for the cells (incubation temperature, culturing media) and

method for the lysis of the cells (freeze-thawing versus sonication versus both). Three

isolates, representing the range of genetic diversity observed in the first part of the pilot

screen, were selected to examine the effect of these parameters (Section 3.1.1.c p., 68). The

results obtained using variants of each parameter were compared to those already obtained

in the primary screen of enzyme loci.
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3.1.l.c Results

All twelve isolates in Table 3.2 (p.,70) were used to screen the thirty-seven loci outlined

in Appendix 2 Table 3. Twenty of these loci (Table 2.2 of the Material and Methods

Chapter, p., 56) were identified as discriminatory, with sufficient staining intensity and

resolution to be reliably and accurately scored. These enzyme loci have the potential to be

diagnostic within the genus Candida and related genera.

The allelic profiles obtained for the twelve isolates used in the pilot study at the panel of

twenty loci selected for continued use in this thesis are in Table 3.3 below (p., 71). The

matrix of their percentage fixed differences is in Appendix 3 (Table 1) and the phenogram

that was constructed is in Figure 3.1 (p.,72). The twelve isolates differed at2lVo to I00Vo

of the twenty loci scored. Five distinct clusters of isolates could be discriminated with fixed

differences at greater than 54.2Vo of the loci. The first cluster contained isolates 12716,

17130, 18502, 17640 and 18715; the second cluster contained isolates 16212, 18527, 165Il

and 18735. The remaining three clusters contained single isolates 14130,11484 and 15526,

which differed from the first two clusters atJI.9Vo,74.7Vo and86.4Vo, respectively.

Every isolate had two bands of activity for hexokinase (HK) (Figure 3.2 p.,73). The

position of these bands did not correspond in each isolate ie., isolates shared none, one or

two band positions. This result indicates either the presence of two copies of the enzyme in

the Candida genome or a second enzyme that uses the stain components of this enzyme

equally as efficiently (see Andrews and Chilton 1999 for a more detailed discussion). Since

both enzyme activities could be accurately discriminated, they were both scored and used in

the ensuing analyses. All isolates assessed possessed single bands at the remaining enzyme

loci examined implying that they have single copies of the 19 other enzyme loci.

Three isolates, 15526, 18502 and 18735, were then selected for assessing other

environmental variables that may influence staining intensity of the enzymes and to

optimise the electrophoretic conditions and histochemical staining reaction for some loci.

These particular samples were chosen because they represented the range of genetic

variation observed in the pilot screen above and exhibited strong enzyme staining activities.

As with the HK eîzyme stain, the malate dehydrogenase (MDH) stain revealed two distinct

bands. The separation of the two loci identified for MDH and HK was optimal with lt/¿

hours of electrophoresis on citrate phosphate and tris maleate running buffers, respectively,

with the samples loaded at the cathodal end of the gel. Unfortunately, the staining
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resolution of MDH was not deemed sufficient for it to be accurately scored, so it was

eliminated from the subsequent analyses.

Many of the peptidase stains produced multiple bands due to the ability of peptidases to

metabolize a number of different peptides to varying degrees. Using the same three isolates

utilized in the MDH and HK screens, the peptidases A to D were stained separately and then

together on a single gel. This analysis confirmed that the band appearing directly after

staining corresponded to the specific peptidase being investigated. Other peptidase activity

that appeared later was attributed to alternative peptidase enzyme activity.

The same three isolates rwere used to assess the enzyme activity obtained when Candida

cells were lysed using freeze-thawing, sonicating and a combination of both. Each of these

methods provided the same staining intensity for the enzymes assessed. Due to the labour

intensity of freeze-thawing and combining both methods, it was decided that sonicating

samples was sufficient for future electrophoretic analyses.

The three isolates 15526, 18502 and 18735 were also used for the selection of the most

appropriate running buffers for the enzymes chosen for the larger analyses as outlined in

Appendix 2, Table 3. The final running conditions selected are in Table 2.2 of the previous

Chapter (p., 56).
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lsolate Code HIV

12716

Table 3.2 Details of the twelve Candida strains used for the
Site Antifungal

Oral Swab

Pat¡ent's

Fluconazole
Itraconazole trial

Fluconazole

screen
Notes

Mixed infection wiÌh C. krusei, res¡stant to
f luconazole, ltraconazole and 5{lurocytosine

Low CD4 count

17130
1 8502
17640
14715

M

F

M

M

M

+

+

+

+

+

+

+

+

+
+

Oesophageal Biopsy

Oral
Oral

Oral Buccal Mucosa Swab

Fluconazole, moderate 5{lurocytosine

Fluconazole, ltraconazole

Fluconazole

16272

18527

16517
1 8735

M

M

M

F

?

?

2

?
2

?

?

Systemic; Blood

Pancreas

Systemic; Blood
Systemic; Blood

Multiple abscess and on liver taken at laparotomy;
from C- albicans, enterococci and multiple resistant

P. aeruginosa
Penicillin

14130 M ++ Oral Fluconazole Outpatient. Reidentified at as

Oral +

+

Ketoconazole Germ-tube negative, recurrent infection

17484 M + Throat Swab Fluconazole, ltraconazole, 5-flurocytosine Ketoconazole

a; Sex of the patient
b; HIV status of the individual that the Candida sample was obtained from + indicates HlV-positive, - indicates HlV-negative and ? indicates status unknown.

The dividing single lines designate separate clusters of isolates that differ at over 50% of loci.
Annotations are standard for all following isolate details tables in the Results Chapter.
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Table 3.3; Allelic profiles for the twelve samples used in the pilot screen at a panel of sixteen metabolic enzyme loci determined

using allozyme electrophoresis

Locus
Isolate Code" EST FUM GDH GOT G6PD GPI HKI" ME PepA PepB I PepB2 PGAM PcM

bo

d
b
b
b

121 t6
t7 130
18502
11640
I 8715

16272
18527
16517
r 8735

b
b
b

a

d

c
a

d

b
b

b

b
c

d
d
d
d
d
e

;
b
b
b

c
b

c

c
c

c
c
c
c

b
b
c
a

c

c
d
e

e

a

a

a

a

a

a

a
a

a

c

c

e

d

b
b
a

b
b
b
d
d
c

a

b
b
b
b
b
b
b
b

b

b

b
b
b

b

b
b
b
b

d
e

c
c

a

a

c

c

ç
c

c
c

c
c

a

a

a
a

PKt
b

c
b

b
b

b

b
b
c
c

e a

a

d

a b
a

f
a
ûÞ

e

e

a

a

c

a

a

b
b
a

b
b
a

c

b

b
b

b
b
b
b

14130
15526
t'7484

a bbdb
c

baa

a

a

c b b

a;Isolate code description is within Table3.2p.,70
b; Loci abbreviations a¡e contained within Table 2.2 p.,56 of the Materials and Methods
c; HKl and HK2 represent the two distinct hexokinase loci evident in Candida, scored in order of their appearance for each strain after histochemical staining ie., the hrst

locus to appear is HKl, the second is HK2.
d; Alleles are designated alphabetically in order of increasing anodal migration ie., allele "a" has migrated the least distance.
e; - designates insufficient staining intensity or resolution for accurate scoring ofthat enzyme locus
The dividing lines designate separate clusters differing at over SOVo of lre,ci. Annotations are standard for all following isolate allelic profile tables in the Results

Chapter.
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12716

t7 130

18502

r7640

18715

t6272

18527

16517

r8735

14r30

r5526

17484

0 10 20 30 40 50 60 70 80 90 100
Vo Fixed Differences

Phenogram depicting the genetic relationships between twelve
clinical isolates of Cøndida used in the Pilot screen, as determined
from an allozyme electrophoresis analysis using sixteen enzyme
loci.

Figure 3.L
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Figure 3.2; Example gel showing the double banding pattern of hexokinase

for Candida species; the presence of two distinct bands for this enzyme

indicate that there are potentially two expressed copies of the gene
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3.1.1.d Interpretation

This component of the project identified that twenty of the thirty-seven loci assessed

provided sufficient staining intensity, resolution and discriminatory po\ryer to be potentially

diagnostic. This panel of enzymes was subsequently used for the rest of this study. After

assessing storage and growth parameters, the following optimal conditions rwere determined

and used for the remaining analyses. The samples were all stored in water at room

temperature. When required for analyses, they were grown on Sabouraud's dextrose agar at

room temperature for 48 to 72 hours. The cells were harvested in Tris HCI pH 7.8, lysis

buffer was added and the cells were lysed using ultrasonication (as outlined in the Materials

and Methods, Chapter 2 p., 47). The lysates were stored at -20"C until they were required

for electrophoresis. The electrophoretic conditions and staining reactions were all optimised

and the same protocol was employed for all subsequent analyses (detailed in the Materials

and Methods Chapter ZTable 2.2 p., 56).

The results from this preliminary screen suggested that the delineation of Candida from

other genera might be possible using allozyme electrophoresis. Interestingly, the oral

isolates assessed clustered separately from those obtained from systemic infections. This

preliminary observation suggests that there may be genetic differences between Candida

strains isolated from different sites ofinfection.

3.1.2 Pílot Study 1

3.1.2.a Background

Once an appropriate panel of enzyme loci has been chosen and the protocol has been

optimised, the diagnostic-potential of the method needs to be assessed. This requires

analysis of a broader range of samples, encompassing the range of biological diversity to be

assessed in the study proper. This range should include:

a) a representative of the most closely related species to the one under investigation,

b) a genetically diverse species within the same genus,

c) a representative from another closely related, but genetically distinct genus and,

d) a number of isolates from within the species to be predominantly investigated that

represent the range of genetic, clinical, biochemical and morphological variation

detected to date.
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The overall aim was

o to assess the diagnostic potential of allozyme electrophoresis for the

discrimination of species of Candida and related genera, and for
strains of C. albicans.

3.1.2.b Materials and methods

Twenty-eight isolates of differing clinical origins were assessed in this preliminary study

(Table 3.4 p., 78). They include eighteen clinical isolates of C. albicans, two reference

strains of C. albicans (ATCC90028 and ATCC9OO29), one reference strain of C. glabrata

(4TCC90030) and three reference strains of Cryptococcus neoþrmans (ATCC9}II2,

ATCC90113 and ATCC90118). The purity of isolates was confirmed during manipulations

using Gram staining, cell morphology and growth on selective media. All isolates were

assessed using the twenty enzyme loci established in the pilot study screen (Section 3.1.1p.,

67 , and Table 2.2 of Chapter 2 p., 56).

Clinical isolates 174 and 178 were collected from one patient during consecutive dental

appointments for the present study. In order to determine the presence of mixed infection in

this patient, six individual colonies were collected and analysed separately. This number of

colonies was arbitrarily chosen to be statistically relevant. The same number of colonies

was collected for each clinical isolate obtained during the project. However, all other

isolates used in this particular study were originally derived from a single colony pick.

In a previous study, using RFLP mixed-linker PCR analysis and probing with the 27 A

repeat sequence, McCullough et aI. (1995) found that in patients 1 and 2,the sequential C.

albicans isolates were genetically identical clones, whilst in patient 5 the isolates were

genetically unrelated. These same isolates were also compared in this study (isolates M1A,

MlB, IN42ê^,IÛiI28, M5A and M5B in Table 3.4,p.,78 kindly provided by Mrs. S. Hume and

Dr. M. McCullough, Mycology Laboratory, Fairfield Hospital, Victoria, Australia).

C. albicans isolates Pl and A2 were appreciatively obtained from Dr C.M. Allen

(College of Dentistry, The Ohio State University) who had previously reported that they

induce lesions in OVo and 6OVo of oral cavities in a rat model, respectively (Allen and Beck

1987). These strains were included for a preliminary investigation of the existence of a

genetic basis for virulence ie., whether different genetic clusters of isolates exhibited

different pathogenicities.

t5



3.1.2.c Results

The allelic profiles for each isolate are in Table 3.5 below (p., 79) and the pairwise

comparisons between each of the isolates are contained within the matrix (Appendix 3,

Table 2). These pairwise comparisons form the basis for the construction of the phenogram

for this analysis (Figure 3.3 p., 80).

All isolates had a unique allelic profile with fixed differences at 5 to 9L5Vo of the

enzyme loci. Six clusters of isolates can be identified with fixed differences between them

occurring at over 50Vo of loci. The first contains the majority of clinical isolates and the

three reference strains for C. albicans, indicating that these isolates belong to this species.

The fixed differences between the C. albicans isolates in this cluster ranged from 5Vo to

49.2Vo of loci. In this cluster, the six individual colonies from patient samples ll A and IIB
were genetically-distinct, although closely related strains. The variation observed suggests

that this patient was colonized with a number of distinct strains.

Isolate pairs MIA and MlB andllV42A and M2B, which were indistinguishable using the

27A probing method (McCullough et al. 1995), differed at 6 and I9Vo of the loci,

respectively. This cluster also contains the C. glabrata reference strain ATCC 90030,

which differs from the C. albicans reference strain ATCC 90028 at only 5Vo of the loci.

This suggests that either C. albicans and C. glabrata are genetically indistinguishable using

allozyme electrophoresis or that one of the reference strains has been contaminated. These

observations require further investigation using additional C. glabrata clinical isolates and

confirmation of the species identity of the two strains.

The most closely related cluster to the first contains a single clinical isolate, 18527. It is

a pancreas infection isolate. The next cluster differs from the first two at 66.3Vo of loci. It

also contains a single isolate, 58, which was distinguishable from isolate 5A using the 21A

probe method (McCullough et al. 1995) and also in the current study.

The fourth cluster contains isolates ATCC 90112 and ATCC 90113, reference strains for

the Cr. neoþrmans serotypes neoþrmans and gattii, respectively, which differ from each

other at 3l7o of loci. They, in turn, differ from C. parapsilosis reference isolate ATCC

90118 at 5I.5Vo of the loci. These three isolates differ from the previously described

clusters at75.6Vo of loci. Isolates 15526 and l4l30existinuniqueclustersthatdifferfrom
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all other isolates atSlVo and9l.5Vo, respectively. They were subsequently identified using

assimilation profiles as C. dubliniensis and T. beigelii.
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Table 3.4; Details of the twenty-eight reference and clinical strains used to investigate the diagnostic potential of allozyme electrophoresis

lsolate Code Sex HIV status Site of lsolation Candidiasis lnfection Antifungal Besistance Patient's Therapy Other Notes
178.1 to 6 M

M1A M
M1B M

174. 1to6 M
17æO M

ATCC 90028
ATCC 90030

P1

+
+
+
+
+

Oral Rinse
Oral Rinse
Oral Rinse

2

Oral
Blood
Blood

Patient with acute
pseudomembranous candidiasis

Oesophageal Biopsy
Systemic; Blood
Systemic; Blood
Systemic; Blood

Oral
Oral Buccal Mucosa Swab

Oral Rinse
Oral Rinse

Throat Swab
Oral Swab

Blood
Patient with chronic atrophic

candidiasis
Oral Rinse

+
+
?

+
system c
system c

Genetically ident¡cal to 1A

C. albicans reference strain
C. glabrata reference strain

Lesions induced in 60% of rats

Low CD4 count

Genetically identical to 2A

Mixed infection wilh C. krusei
C. albicans reference strain

Lesions absent ¡n rat.

Multiple abscess and on liver taken at laparotomy;
from C. albicans, enterococci and multiple resistant

P. aeruqinosa
Genetically different to 5A

Two colonial moroholooies.
Cr. neoformans reference strain

17130 F
18735 F
16517 M
16272 M
18502 M
18715 M
M2A M
M2B M
17484 M
12716 M

ATCC 90029
A2

+
?
2

?

+
+
+
+
+
+

+
?
?
?
+
+
+
+
+
+

Fluconazole, ltraconazole

Fluconazole

Fluconazole, ltraconazole, 5{lurocytosine
Fluconazole, moderate 5{lurocytosine

Fluconazole

Penicillin

Itraconazole trial
Fluconazole

Ketoconazole

+

system c

+
?

MsA M

18527 M 2

M5B M +

Pancreas

Oral Rinse +

ATCC 901 12
ATCC 901 13

Cerebrospinal fluid nervous
NETVOUSfluid

90118

14130 M + Oral
+
+

Ketoconazole
Fluconazole

Germ-tube recurrent infection
Outpatient. Reidentified WCH on 14112/95

as Trichosporon beiaelii

The dividing lines designate separate clusters differing at over 5OVo of loci. Annotation as in Table 3.2 (p.,70)
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Table 3.5; Allelic profiles of thirty-eight isolates analysed in pilot study 1 at twenty-two enzyme loci

IsoIaTe Gode ADH AK ALD AP ENOL EST F
178.1 e c c - e a a d b b b d d d d a b f d d d
178.3 e
178.4 e
178.2 e
178.5 e
178.6 e
M1A e
M1 B e
174.3 e
174.4 e
17 4.1 e
174.2 e
174.5 e
17 4.6 e
17640 e

ATCC 90028 e
ATCC 90030 e

P'l e
17130
1 8735
165'17 e
16272 e
18502 e
18715 e
M2A e
M2B

c
c
c
c
c

c
a
c
c

c
e

c
c
b
b
a
b
b
b

b

a

d

t

d
d
d
c
d
d
c
c
c
a
b
a
b
c
c
c
d
d
d
c
b
b
c

d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d

c
c
c
c
c
c
b
c
c
c
c
c
c
b
c
c
a
c
c
c
c
b
b
b
b
b
a

ce"
c
b

e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
f
e
e
e
e
e
e
e
e
e

ce
e
f

a
a
a
a
a
a
a
a
a
a
a
a

?

?
a
a
a

a
a
a
a
a

I
a
a
a
a

c
c
b
c
c
a
a
c
c
b
c
c
c
b
b
b
c
a
b
c
c
b
b
b
b
c
c
b
a
b

a
a
a
a

:
b
b
b
b
c

:
c
c
c
c
c
c
c
c
c

:
c
c
c
c
c

b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
c
c
b
b
b
b
b
b
b
b
c
b

b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
c

d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
b
d
d

d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
e
e
c
c
c
c
c
d
e
f
d

d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
c
d
d
c
c
d
c
c
d
d
d
e

d

:
e

d

d
d
e

:
e
e
d

d
d
c
c
c
e

:
c

d
d
c
c

b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b

a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a

d
d
d
d

:
d
d
d
d
d
d

d
d
d
d
d
d
d
d
c
e

d
c
d

d

f
d
f

f
f
f
t
f
f
f
Í
f
h

f
s
s
I

f
f
f
h

i
t
e

i
i

s
s

d
d
d
d

I
e
e
e
e
e
e

d
d

d
d
f
c
f
f
d

b
a

:

d
d
f
c
d
d
d
d
d
d
d
c
d
d
d
d
d
e
c
d
e
d
c
d
c
e

h

s
e

17484
12716

ATCC 90029
A2

;
e
d
c

't8527 da cc qddbaecccbd
M5B

ATCC 90112
ATCC 901 13

ed beba
a
a

b
a

a
b

aac
b
b

b
a
a

bc b
c
b

c
a
a

b
d d

ab d
e

e
e b

d
a

a
cd

b
q

bdd
e

b
a

be
a

h
b b b
f-bcb-bf

'15526 a b c a d
14130acddfS e b c d d h a

a; Two alleles at the same locus indicate either an isolate that is heterozygous for that enzyme or it is a contaminated sample
The dividing lines designate separate clusters differing atover 5O7o ofloci. The remaining annotations are as in Table 3.3 (p., 7l)
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178.1
178.3
178.4
178.2
I78..5
178.6
MIA
MIB
t't 4..3
l't A.4
17 A.l
l't¡*2
174.5
17 4.6
17640

ATCC 90028
ATCC 90030

P1
1',7130

1 8735
16517
16272
1 8502
18715

M2B
1',t484
127t6

C. albicans ATCC 90029
M5A
A2

18527

M5B

Cr. neoformans ATCC 901 12

Cr. neoþrmans ATCC 90113

Cr. neoformans ATCC 90118

C. dubliniensis 15526

T. beigelii 14130

0102030 40 s0 60 70

Vo Fixed Differences
80 90 100

Figure 3.3; Phenogram depicting the genetic relationships between thirty-eight isolates

of Candida and related genera used in pilot study L, as determined from an allozyme

electrophoresis analysis using twenty-two enzyme loci
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Table 3.6; Matrices of the percentage of fixed genetic difference between individual

colonies from two clinical isolates from patient L7 in pilot study 1

Isolate 17 A.t 17¡^.2 17A.3 T] 4.4 17 4.5

171^.2 9

t7 4.3 9 9

17é'4 I4 t4 5

n 4.5 15 15 10 l0
n 4.6 10 10 10 l0 5

Isolate I7B.L t78.2 178,3 178.4 178.5
I]8.2 5

t78.3 5 10

I]8.4 5 15 5

178.5 15 11 10 10

r78.6 10 10 5 t4 5

8l



3.1.2.d Interpretation

Single colonies from isolate I7 A differed at 5 to I5Vo of the loci assessed, as did colonies

from isolate llB. This genetic difference represents strain variation within this patient's

sample. Strains of isolate 174 differed from those of isolate IIB at l0 to 25Eo of the loci

assessed. Both samples were oral rinses but isolate 174 was taken when the patient had oral

candidiasis while 178 was taken in the absence of clinical infection. The close genetic

proximity of isolates from infection and asymptomatic caniage implies that oral candidiasis

is an opportunistic infection.

Each cluster of isolates in this analysis potentially represents a different species of

Candida or a different but related genus. It is important to note that the separation of

isolates into distinct genetic groups herein was not influenced by the measure of genetic

distance used in the analyses (ie., fixed differences or Nei's D values).

Allozyme electrophoresis appears more discriminatory for detecting genetic variation

than the use of the 2l A probing method because it was able to discriminate three pairs of

strains (M14, MlB, iÛl{z/^,N{ZB, M5A and M5B), which had previously been recognised as

genetically identical using the probing technique (McCullough et al. 1995).

Isolate 15526, originally described as a C. albicans isolate, was retyped as C.

dubliniensis after the species original description in 1995 (Sullivan et al. 1995) and

following the results presented in this section. Also originally typed as C. albicans, isolate

l4I3O was retyped as Z. beigelii following identification of its close genetic association

with this species in the present data. Isolate l4l30 may have become contaminated after its

original clinical diagnosis.

The twenty-two enzyme loci analysed herein form the basis for a large-scale

epidemiological study of Candida species infecting HlV-positive patients using allozyme

electrophoresis. An important point pertaining to subsequent analyses is that each clinical

sample collected during this entire study is represented by up to six individual colonies (as

with isolates 174 and 178 in pilot study 1).
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3.1.3 Pílot Study 2

3.1.3.a Background

This analysis constitutes the second preliminary study of clinical isolates. It was used to

confirm the reproducibility of allozyme electrophoresis and incorporates the investigation of

additional clinical isolates. These additional clinical isolates are more biologically diverse

than those used in pilot study 1 and may therefore also exhibit more notable genetic

varlatron

The aim was then;

o to conÏirm the discriminatory power of the allozyme electrophoresis

technique using a wider variety of clinical strains with distinct

morpholo gical, biochemical and/or clinical characteristic s.

3.1.3.b Materials and Methods

The isolates analysed are detailed in Table 3.7 (p.,85) and the enzyme loci scored are

listed in Table 3.8 (p., 86). They include reference strains for C. albicans, C. glabrata and

Cr. neoþrmans, also clinical isolates from sixteen patients, three single colony picks and

thirteen multiple colony isolates. Additionally, four isolates from HfV-negative

asymptomatic carriers were included. Three of the clinical isolates have varying antifungal

sensitivity; one was from a postradiotherapy head and neck cancer patient who was an

asymptomatic carrier and whose colony isolates wers very adhesive on Sabouraud's

dextrose agar. Six of the clinical isolates were identified as Candida isolates but not C.

albicans, one of these was identified as C. glabrata whlle the other five could only be

defined to the genus Candida using preliminary assimilation studies. The isolates were

assessed at twenty enzyme loci using allozyme electrophoresis. The six individual colonies

from each clinical sample were grown independently. The lysates were combined in equal

proportions and analysed as a single sample on the gel. Mixed or heterozygous samples

could be identified by the presence of more than one band at a single enzyme locus where

the majority of other samples analysed consisted of a single band. If this was observed, the

sample was excluded from the analyses because the cause of the multiple banding pattern

was not pursued further in this thesis. This protocol was followed in all ensuing studies in

this thesis. To determine the cause of multiple banding, each individual colony needs to be
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analysed as a distinct isolate to assess the zygosity or mixed culture characteristic of the

sample.

3.1.3.c Results

Double banding and enzyme allele differences between pilot study 1 and this analysis for

the reference isolates suggested they were contaminated. For this reason, they were

eliminated from the analysis. Clinical isolates 40I, 54A, 62A, 684 and 704 and

asymptomatic carrier isolates S21 and S23 all contained multiple banding patterns at one to

seven enzyme loci. For the remaining isolates, fixed differences occurred at 0 to 84.6Vo of

the twenty loci assessed.

Four clusters of isolates can be distinguished in Figure 3.4 (p.,87). The first contains the

majority of clinical isolates with fixed differences within in ranging from 5 to 44.9Vo of loci.

Previous results and identity of these isolates in pilot study 1 suggests that this is a 'C.

albicans cluster'. Isolate 68B formed a unique cluster that differed from the first cluster at

5I.2Vo of loci. The third cluster differed from the first two atlI.4Vo of loci and since it

contained isolate 15526, later identified as C. dubliniensis, it is presumed that this cluster

comprises the species. Isolates 40G.1 to 6 formed two distinct groups, differing from each

other at lÙVo of loci. This isolate was suspected as mixed after subculturing, due to the

different colony morphologies detected on Sabouraud's agar. The current results suggest

that this patient had been colonized by two different strains of C. dubliniensis. Isolate 344

constituted a distinct cluster, which differed from all other isolates at 84.6Vo of loci. This

isolate belongs to a third species.
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Table 3.7; Details of the twenty-four reference and clinical samples analysed in pilot study 2 using allozyme electrophoresis

lsolate Gode Sex HIV status Site of lsolation Ca
Undiluted Saliva

Throat Swab
Oral Rinse

M
M

+
+

+ Fluconazole, ltraconazole, 5{lurocytosine Ketoconazole

Other Notes

Cr. neoformans type stra¡n

C. albicans reference stra¡n
C. albicans reference strain
C. glabrata reference strain

NoI C. albicans

Candida species
544.1 growth on agar slopes very adhesive

HIV Ab+, immunosuppressed,
clinical HSV of penile shaft

noT Candida albicans, unidentified Candida species
Candida qlabrata

Post radiotherapy patient, not H|V-positive. 564.2
and .4 growth on agar slopes very adhesive

18715 M + Oral Buccal + Fluconazole Fluconazole
Mucosa Swab

54K.1 to 6 M + Oral Swab Oral pseudomembranous candidiasis Amphotericin B trial
914.1 to 6 M + Oral Rinse 2 Candrda species, germ tube + but possibly mixed

688.1 to 6 M + Oral Rinse 2 not Candida albicans, unidentified Candída species
40G.1 to 6 M + Oral Rinse 2 Candrda species (nol C. albicans), germ tube +,

looks mixed
304.1 to 6 M + Oral Rinse + Fluconazole On 50mg of Previous isolate fluconazole sensitive

fluconazole a day
15526 M ? O¡al + - Ketoconazole Germ-tube negative, recurrent infection

348.1 to 6 M + Oral Rinse ? Growth on agar slopes very adhesive and granular

S8 M - UndilutedSaliva

17484
564.1 to 6

ATCC 901 13

Arcc 90028
ATCC 90029
ATCC 90030

S21 F
S23 F

401.1 to 6 M
544.1 to 6 M
624.1 to 6 M

68A.1 to 6 M
704.1 to 6 M

Cerebrospinal fluid,
Pennsylvania
Blood, lowa
Blood, lowa
Blood, lowa

Undiluted Saliva
Undiluted Saliva

Oral Rinse
Oral Rinse

Mouth swab

Oral Rinse
Oral Rinse

+
+
+

+
+

systemic

systemic
systemic
systemic

2
2
2

2

2

were subsequently eliminated from the analysis. Annotations as in Tables 3.2 (p.,70) and 3.4 (p., 78).
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Table 3.8; AlletÍc profTles for the twenty-nine individual isolates analysed in pilot study 2 attwenty enzyme loci

Enzyme Locus
lsolate Code ADH ALD ENOL EST FDP FUM GDH G6PD GPI HK1 HK2 IDH MPI NP PepA PepB PGAM 6PGD PcM PK

c1
17484

564.1 to 6
18715

54K.1 to 6
914.1 to 6

a
a
a
a
a
a

d
d
d
d
c
c

c
c
c
c
c
c

i
h
h
h
i

;
b
b
b

e
f
f
Í
I
f

a
b
b
b
b
b

c
c
c
d
a
e

c
c
c
c
c
c

b
b
b
b
b
b

b
c
c
c
c
c

d
c
d
d
c

c
c
d
d
d
c

;
e
e
e
e

b

b
b
b
b

f
Í
e
e
e
d

b
c
a
a
a
a

c
b
b
b
b
b

b
b
b
b
b
c

c
c
c
c
c

b
a
a
a
a
a
a
a
a
c
a

bdac c
d
d
d
d
d
d
c
c
c
c

b
b
b
b
b
b
b
c
c
b

a
a
a
a
a
a
a
a
a
a

b
b
b
b
b
b
d
b
e

c
b
b
b
b
b
b
b
b
b

d
d
d
d
d
d
d
d
d
e

d
d
d
d
c
c
c
d
d
c

a
a
a
a
a
a
a
a
a
a
a

c688.1 to 6
c
c
c
c
c
c
c
c
c

t
f
t
t
f
f
s
t
f

b
b
b
b
b
b
b
b
b

a
a
a
a
b
b
b
b
b

b
b
b
b
b
b
b
b
b

b
b
b
b
b
b
b
b
b
b

d
d
d
d
d
d
d
d

b
b
b
b
b
b
b
c
c
c

a
a
a
a
a
a
a
a
a
a

e
e
e
e
e
e
e
d
e

c
c
c
c
c
c
d
d
b
d

40G.3
40G.4
40G.6
40G.1
40G.5

304.1 to 6
1 5526

348.1 to 6
S8

caa
b
b
b
b
b
c
d
c
c
c
a

e

a
a
a

ad
a
d
b
b
d
a
c

b
b
b
b
b

ab
bd
be
b
b
d

c'lto6
90113

ATCC 90028
ATCC 90029
ATCC 90030

s21
s23

401.1 to 6
544.1 to 6
624.1 to 6
684.1 to 6
704.1 to 6

Annotations as in Tables 3.3,3.5 and3.1 (p.,J1,79 and 85)

a

b
b
b

?

a
a
a
a
a
c

c
c
c

bc
c
c
a

ab
c
b
c

a
a
a
at
b
f
d
df
t
f

cd

c
b
c
c
c
a
d
bc
b
b
d

b
b
b
b
b
b
a
b
b
b
a

c
c
e
c
c
a
b
a
e
f
b

a
a
a
ac
a
c
c
c
c
c
d

a
h
h
e
h
f
Í
e
e
cf
f

a
a
a
b
a
b
b
b
b

bd
b

b
b
b
bc
b
c
b
bc
cd
bd
b

a
a
a
a
a

b
bd
d
d
b

ab
ab
ab
af
ab
c
d
c
e
f
d

a
a
a
a
a
a
b
a
b
b
b

b
b
b
b
b
b
b
b
b
b

c
c
c
c
c
c
a

ac
c
c
a

c
c
c
ch
b
h
f
h
h

ah
c

b
a
b

bd
b
d
c
d
d
b
a
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56A
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54K
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348
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7o Fixed Differences

Figure 3.4; Phenogram depicting the genetic relationships between eighteen isolates

of Candidø and related genera used in Pilot Study 2, as determined from an allozyme

electrophoresis analysis using twenty enzyme loci
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3.1.3.d Interpretation

The 4 ATCC reference strains used in this analysis were retyped using traditional

methods and it was discovered that they were contaminated with other yeast species. The

original glycerol stocks were also contaminated so a new and more extensive range of type

and reference strains was obtained.

The majority of isolates assessed belonged to two clusters, which, according to previous

results (Sections 3.1.1 and 3.1.2 p., 6l and 74), probably comprised C. albicans and C.

dubliniensis. The allelic profiles for the clinical isolates examined remained unchanged

between different electrophoretic studies. Allelic profiles for the reference strains were not

consistent between electrophoretic studies. This can be explained, however, by these

isolates having been contaminated during subculturing (Section 3.1.4 p., 89).

The isolates examined electrophoretically herein, belong to four distinct species of

Candida, namely C. albicans, C. dubliniensis and two undetermined species. Isolate 688

may still belong to the species C. albicans and represent the boundary of genetic variation

detectable within the species, but isolate 344 definitely constitutes a distinct Candida

species. Later characterisation using traditional morphological and biochemical techniques

identified this isolate as C. tropicalis.

Clinical isolate 564 yielded colonies that were particularly adhesive to agar. These

colonies were not genetically distinct to other less adhesive colonies, uas defined by

allozyme electrophoresis. Therefore, it can be implied that this particular adhesive

characteristic is not restricted to a specific genetic group of isolates and perhaps may not

represent a genetically inherited virulence factor.

Isolates of C.albicans that were clinically-resistant to fluconazole did not form a separate

cluster distinct from non-fluconazole resistant C. albicans. These strains instead were found

interspersed throughout the C. albicans species cluster.

The electrophoretic results obtained suggest that both isolates 40G and 15526 belong to

the recently described species C. dubliniensls. This implies that the germ tube characteristic

is variable within this species since isolate 40G was germ tube positive while isolate 15526
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was germ tube negative. Additionally, patient 40 was simultaneously colonised by two

distinct strains.

Isolates obtained from HlV-negative individuals that were asymptomatic Candida

carriers were scattered among isolates obtained from clinical infection in HlV-positive

individuals. This result suggests that Candida infection is opportunistic and that

transmission from asymptomatic carriers provides a potential reservoir for the infection of

immunocompromised individuals.

3.1.4 Detection of reference strain contamination

3.1.4.a Background

For allozyme electrophoresis to be an effective diagnostic or epidemiological tool, it is

important that there are no changes in the allelic profile of isolates between electrophoretic

runs. Therefore, it was of concern that variability in the allozyme banding position of five

of the reference strains (ATCC strains 90028, 90029,90030, 90112 and 90113) was

detected between the pilot screen and pilot studies I and 2. It was hypothesized that the

genetic variation may have arisen in response to growth or storage conditions, considering

the dimorphic nature of members of this genus, or contamination of the reference strains.

The aim was;

o to determine the cause of variation in the allelic profile of reference

strains between electrophoretic runs.

3.1.4.b Materials and Methods

The same twenty-two loci as were used in Section 3.1.2 (Table 3.5 p., 79) were used to

screen five of the reference strains used in these preliminary analyses. The reference strains

were grown in different media (Sabouraud's agar, blood agar), at different temperatures

(room temperature, 25"C, 3l"C), aerobic vs. anaerobic, strains that were glycerol stored vs.

water stored, and then compared directly on a single allozyme gel to determine whether the

variation was growth phase specific.

89



3.1.4.c Results

Although the results are not shown, no allelic variation was observed with different

culture or storage conditions. The reference isolates were then sent to the WCH for species

identity checks. The results of four of the five ATCC reference strains indicated that they

were contaminated with a number of other species (90028, 90029 and 90112 appeared to be

C. parapsilosis, 90030 was identified as C. tropicalis and 90113 remained Cr. neoþrmans)

(Table 3.9 p.,92).

3.1.4.d Interpretation

The variation in electrophoretic banding patterns were not due to morphological variation

associated with strain growth conditions. Subsequent reidentification of the reference

strains using conventional methods indicated that they were contaminated with other

Candida species. The genetic relationships between these five reference isolates and the

clinical isolates in the preliminary electrophoretic analyses were therefore not accurate or

appropriate. However, no such problems are applicable to the relationships between the

clinical isolates. It was decided at this point to incorporate strains representing thirteen

medically and dentally relevant Candida species discussed earlier in this thesis (Chapter

1.2.3, p., 14). The relevant type and reference strains were ordered from the Centraalbureau

voor Schimmelcultures, Baarn, Netherlands (CBS strains) and the American Type Culture

Collection, Manassas, VA, USA (ATCC strains) and are identified in the following section

(Chapter 3.2,p.,93).

3.1.5 Generøl Interpretation of preliminary investigations

One of the main aims of this Chapter was to optimise the conditions of the allozyme

electrophoretic technique for use in the taxonomic and epidemiological studies of Candida.

The results have indicated that each isolate possesses a unique electrophoretic profile,

Candida species clustered into separate lineages and genetic relationships between isolates

and clusters of isolates can be determined on the basis of allozyme electrophoretic analyses.

Contamination of reference strains was detected because their allelic profiles were not stable

between electrophoretic runs. There was no effect on enzyme banding position with varied

storage, growth or lysate preparation protocols.

The findings of this Chapter suggest that epidemiological investigations on Candida

species are possible using allozyme electrophoresis. Determination of the species identity
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of isolates on the basis of this technique has been demonstrated. Mixed or heterozygous

sample detection has also been indicated. Overall, allozyme electrophoresis is an effective,

suitable and reliable method for the identification and characterisation of Candida species

and the epidemiological investigation of the disease process.
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Table 3.9; Details of the contaminant identities of reference strains used in the pilot

allozyme electrophoresis analyses

Isolate Original Identity" Contaminantb
ATCC 90028 C. albicans C. parapsilosis
ATCC 90029 C. albicans C. parapsilosis
ATCC 9OO3O C. slabrata C. tropicalis
ATCC 9OII2 Cr. neoþrmans var

neoformans
C. parapsilosis

ATCC 90113 Cr. neoformans var. gattii Cr. neoþrmans

a; Identity of the supplied strain from ATCC
b; Current identity of the contaminated sample
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3.2 Taxonomic analyses using øllozyme electrophoresis

3.2.1 Type and reference strain relationships

Prior to investigating the epidemiology of Candida colonisation using clinical isolates,

genetic relationships within the genus Candida and related genera should be determined.

As mentioned in the introduction (Section I.2.3 p.,14), there are thirteen Candida species of

predominant clinical importance. The framework of their genetic relationships will allow

subsequent identification of clinical isolates and will provide a basis for determining the

significance of the genetic relationships between clinical isolates that are examined.

3.2,1.a Background

As stated by Tibayrenc (1996), "many microbial species exhibit considerable genetic

diversity. It is reasonable to expect this genetic variability to have a profound impact on the

biological properties of microorganisms, especially those properties that are medically

relevant". This implies that isolates that are closely related genetically also share common

biological properties, some of which may be involved in the disease process. To this end, it

would be anticipated that the Candida species isolated from human infections will be

closely related both phenotypically and genetically.

The two aims of this study were;

. to use allozyme electrophoresis to establish a ran?e of genetic

markers to distinguish each of the thirteen most commonly isolated

Candida species and

. to determine the genetic relationships between these thirteen

species and three related genera.
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3.2.1.b Materials and methods

Thirty-five samples representing thirteen medically important Candida species were

included in this investigation (Table 3.10 p., 96). The clinical relevance of these species has

been discussed previously in this thesis (Section I.2.3 p., l4). For most species, the CBS

type strain and an ATCC reference strain were included. Additionally, the choice of strains

allowed an investigation of the genetic relationship between anamorphs and teleomorphs of

Candida species. In the cases of C. albicans and C. dubliniensis, additional clinical isolates

were included since C. albicans is the most predominant species in clinical infection and C.

dublfuiensis is newly described and not as well characterised. Three outgroups, or

genetically distinct species, were also included; namely, the ascomycetes Trichosporon

beigelii and Cryptococcus neoþrmans and the most closely related basidiomycete,

Saccharomyces cerevisiae as described in Section 2.I.2 (p., 48). Their inclusion allows

definition of the outer limits of genetic variability that exist within the genus Candida and

the upper limit of the discriminatory power of the allozyme electrophoresis, that is, the

utility of the technique in taxonomic investigations and phylogenetic reconstructions.

3.2.1.c Results

Each isolate was allelically scored at the twenty enzyme loci, which were established in

Section 3.1 (p.,65). The allelic profiles obtained are presented in Table 3.11 (p., 97). The

genetic relationships, based on the matrix of pairwise comparisons (Appendix 3, Table 3),

are diagrammatically represented in a phenogram (Figure 3.5 p., 98).

The results showed that each species of Candida could be easily distinguished from one

another based on fixed genetic differences of over 6OVo. This is equivalent to the level used

to discriminate among bacterial species (eg., Selander et al. 1990). In addition, the results

show that anamorphs and teleomorphs for each species always clustered together.

There are five discrete clusters of species that differ at over 80Vo of loci, the level

previously used to discriminate among genera of bacteria (eg., Selander et al. 1990).

Genetic cluster 1 comprises C. albicans, C. kefyr, S. cerevisiae, T. beigelii and Cr.

neoþrmans. Variation within C. albicans ranged from 0 to lO.7Vo of loci and between the

C. kefyr type and reference strain at 5Vo. There were no fixed genetic differences between

isolates 3630, RAIB, RA2B, RA3C, RA4C and ATCC 90029. The most genetically-similar

species to C. kelyr was S. cerevisiae, which differed at 6lVo of loci. These two species
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differed from C. albicans at 64.4Vo of loci. These three species differed from the

basidiomycete species T. beigelii and Cr. neoþrmans at'76.3Vo of loci. Cr. neoformans var.

gattii differed from T. beigelii at 38 to 53.5Vo of loci, with the T. beigelii type strain splitting

the type and reference strains. These species, in turn, differed from Cr. neoþrmans var.

neoþrmans at 65.2Vo of loci and the type and reference strain of this species differed from

each other at 50Vo of loci. Genetic group 1 differs from C. glabrata at 8O.3Vo of loci. The

type and reference strains for this species differ at I3Vo of loci. These two clusters differ

from the third at 8I.5Vo of loci. The third cluster contains C. parapsilosis, C. guilliermondii,

C. norvege¡zsis and C. dubliniensls. The three type and reference isolates of C. parapsilosis

differed at 0 to 5Vo of loci. The identical isolates of C. parapsilosis are derived from the

same original clinical isolate, but obtained from different reference collections. This

confirms the discriminatory power of the allozyme electrophoretic technique with strains of

different origins being discriminated and the same strain exhibiting identical allelic profiles.

The two isolates of C. guilliermondii differed at 8Vo of loci. The species C. guilliermondii

and C. norvegensis differed from each other at l5.4Vo of loci and from C. parapsilosis at

75.4Vo of loci. The three species differed from C. dubliniensis at78.2Vo of loci.

The three described clusters of isolates differed from the fourth and fifth aT" 87 .5Vo of loci

and the fourth differed from the fifth at 82.4Vo of loci. The fourth cluster contains five

Candida species. C. tropicalls strains differed from each other at lIVo of loci and from two

identical C. viswanarl¿ii isolates at 66Vo of loci. Both C. viswanathil isolates originated from

the same clinical infection but were sourced from different culture collections. C. lusitaniae

isolates differed from each other at ISVo of loci and from the C. haemulonli isolate and the

C. famata isolate at 72Vo of loci. These species differed from the former two at l4.8%o of

loci. This cluster of species differed from the fifth, which contained the identical type and

reference isolates of C. krusei, at 82.4Vo of loci. The two C. krusei isolates again originated

from the same sample.
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Table 3.10; Details of the reference and type strains used to assess the

systematics of the genus Candida and related species using allozyme

electrophoresis

Isolate Species Site ofisolation n

CBS 562r o C. albicans skin (interdigital mycosis), Uruguay

ATCC 90029 C. albicans blood,Iowa

3630 C. albicans lab strain

RAIB C. albicans mouse

RA2B C. albicans mouse

RA3C C. albicans mouse

RA4C C. albicans mouse

ATCC 90028 C. albicans blood,Iowa

CBS 8347

ATCC 46164

K luyv e ro m¡, c e s marxianus ( C. kefy r ) "

C. kefyr

kefyr grains, Netherlands

clinical isolate, Texas

ATCC2601 Saccharomycescerevisiae

CBS 24667

ATCC 9OI 13

Trichosporon beigelii

Cr. neoformans var. Rattii cerebrospinal fluid, Pennsylvania

CBS 6289r Cryptococcus neoþrmans var. gattii d spinal fluid of man , Zaire

CBS 1327

ATCC 90112

Cr. neoþrmans var. neoformansd

Cr. neoformans var. neo.formans

fermenting fruit juice

cerebrospinal fl uid, Pennsylvania

CBS 1387

ATCC 9OO3O

C. glabrata (Torulopsis glabrata)

C. glabrata (Torulopsis glabrata)

human faeces

blood, Iowa

CBS 604T

ATCC22OI9

ATCC 90118

C. parapsilosis

C. parapsilosis

C. parapsilosis

case of sprue, Puerto Rico

case of sprue, Puerto Rico

blood, Virginia

CBS 5667

ATCC6260

P ichia guilliermondii ( C. guilliermondii)

C. guilliermondii

sputum

bronchomycosis

CBS 6564r Pichia norvegensis (C. norvegensis) pregnant woman's vagina, London

CBS 7987r C. dubLiniensis oral cavity, HlV-positive, Ireland

CBS 947

ATCC 13803

C. tropicalis

C. tropicalis

bronchomycosis

CBS 40247

ATCC2298I

C. viswanathii

C. viswanathii

meningitis, cerebrospinal fluid, India

cerebrospinal fluid, India

CBS 69367

ATCC 42720

Clavispora lusitaniae ( C. lusitaniae )

C. lusitaniae

citrus essence, Israel
blood, myelogenous leukaemia patient,
California

CBS 5149r C. haemulonii gut of Haemulon sciurus (fish), Florida

CBS 940r C..famata air, Japan

CBS 5737

ATCC 6258

I s s atc henkia o rientalis ( C. krus e i )

C. krusei

sputum, bronchitic convict, Sri Lanka

sputum, bronchitic convict, Sri Lanka
a

b

c

d

EnvironmentaUclinical origin of the strain
r 

= type strain of the species
Species names in brackets are the synonymous/teleomorph species names
Cr. neoformans var. gattii and Cr. neoformans vaÍ., neoþrmans are the two serovars of the species.
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C. albicans CBS 562
C. albicans ATCC 90029

3630
RAlB
RA2B
RA3C
RA4C

C. albicans ATCC 90028

C. kefirCBS834
C. kefyr ATCC46764

S. cerevisiae ATCC 2601

T. beiselii CBS 2466
Cr. neoþrmans ATCC 901 13

Cr. neoformans CBS 6289

Cr. neoþnnans CBS 132
Cr. neofonnatts ATCC 90112

C. glabrata CBS 138
C. glabrata ATCC 90030

C. parapsilosis CBS 604
C. parapsilosis ATCC 22019
C. parapsilosis ATCC 90118

C. guilliermondti CBS 566
C. guillierntondii A'|CC 6260

C. norvegensis CBS 6564

C. dubliniensis CBS 7987

C. tropicalis CBS 94
C. tropicalis ATCC 13803

C. viswanathii CBS 4024
C. viswanat hii ATCC 22981

C. lusitaniae CBS 6936
C. Iusitaniae ATCC 42720

C. haemulonii CBS 5149

C.famata CBS 940

C. krusei CBS 573
C. krusei ATCC 6258

Figure 3.5; Phenogram depicting the genetic relationships between thirty-two type
and reference strains of medically important Cundi.da species and related genera
used in the taxonomy study, as determined from an allozyme electrophoresis
analysis using twenty loci.
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3.2.1.d Interpretation

Rosa ¿/ aI. (2OOO) recently investigated the usefulness of allozyme electrophoresis for

determining the phylogenetic relationships of five Candida species. The authors found that

based on fifteen enzyme loci the technique could be used to accurately discriminate among

species of Candida but, in isolation it was not adequate for determining the systematics

within the genus. Similarly herein, the thirteen Candida species investigated could be

distinguished from one another but there was a high level of genetic variation observed

above the species level. All species differed at over 6OVo of loci, which may be too high to

accurately determine the systematics between Candida species. However, the levels of fixed

differences within the currently recognized species included in the present study were

relatively low, indicating that the species studied consisted of genetically related isolates.

For many of the Candida species assessed a corresponding teleomorphic isolate was

included, which clustered with the anamorphic isolates providing supportive evidence that

they are morphological variants of a single species.

The levels of fixed differences between the species included in this thesis were

equivalent to those used to discriminate bacterial species (eg., Selander et al. 1990).

Candida species differed from each other at levels of variation above that used to

discriminate bacterial genera; that is, SOVo (eg., Selander et al. 1990). This extensive

genetic heterogeneity is reflected in the variability in metabolic and morphological

characters.

All of the C. albicans isolates examined electrophoretically were contained in a small

group within genetic cluster 1 and had fixed genetic differences at 0 to 10.'7Vo of loci. This

supports the genetic cohesiveness of this species with the observed levels of heterogeneity

between the C. albicans isolates representing strain variation within the species.

Additionally, S. cerevisiae clustered with C. albicans and C. kefyr to the exclusion of other

species of Candida. Thus the position of the type and reference strains for ,S. cerevisiae,

Cryptococcus neoþrmans and Trichosporon beigelii within genetic cluster I questions the

validity of the genus Candida or indicates that the resolving power of allozyme

electrophoresis is limited to within species and does not extend to the genus level where

genetic variability is too great to group species into genera.
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Similarly, the two serovars of Cryptococcus neoþrmans were genetically distinct with Z.

beigelii separating them, raising the possibility that they actually constitute distinct species.

C. glabrata, the only Candida species within genetic group 2, has recently been

transferred into the Candida genus from the genus Torulopsis (see Odds et al. 1997).

However, in the present study it appears genetically distinct from all of the other Candida

species tested and its inclusion in this genus may require further investigation.

Genetic groups 3, 4 and 5 were the most taxonomically-representative of the genus

Candida; there are no other fungal genera within them. Group 4 contains C. tropicalls, the

type species for the genus Candida and therefore, in phylogenetic investigations, would

most accurately represent the Candida lineage.

Anamorphs and teleomorphs of Candida species are genetically clustered together

according to the results obtained in this study. Furthermore, the current taxonomic

framework of the genus Candida is also questionable. The genus does not appear succinct,

being intermingled with other genera. Also, the relationships between Candida species are

not in agreement with what has been published using traditional techniques (ie., the relative

positions of different genera are intermingled with species of the genus Candida according

to the allozyme electrophoresis results despite their phenotypic differences). The

electrophoretic results also differ from the relationships defined using 18S rRNA gene

(Hendriks et al. l99I). The applicability of the latter method has been questioned for a

number of bacterial, algaI, yeast, animal and plant taxa (refer to Section 1'1.2p.,5), but it

remains one of the most commonly used phylogenetic methods, This approach will also be

used later in this thesis.

3.2.2 Genetic characterization of phenotypícølly diverse Cøndids

clinical isolstes

3.2.2.a Background

Most clinical isolates examined in the present study were identified as C. albicans tsing

traditionally identification methods. This was as expected based on other predominance

studies (eg., Schiodt et al. 1990). An investigation was made to assess the identities and

relationships of the other clinically important species of Candida. This was possible due to
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the relatively small number of isolates to be assessed. This study allowed comparative

analysis of the identity and genetic relationships between these isolates on a single

electrophoretic gel. This study also re-examined the upper limits of the discriminatory

power of the allozyme electrophoresis technique since the previous study (Section 3.2.I p.,

93) indicated that relationships above the species level were not resolved.

The aims were;

o to determine the level of genetic variation between clinical isolates

that are morphologically and biochemically diverse and

. to dss¿ss the extent of discriminatory power of allozyme

electrophoresis.

3.2.2.b Material and methods

This study included a number of oral clinical isolates typed as Candida species (but not

C. albicans), C. albicans from a range of clinical infections (eg., extraoral, radiotherapy

patient, HlV-negative) and C. albicans isolates with different colony morphologies when

grown on Sabouraud's dextrose a9ar (eg., rough colonies). A selection of type strains was

also included so that the identity of the clinical isolates could be determined from their

genetic relatedness to the type strains. A total of thirty-nine isolates (Tables 3.12a and b p.,

104-5) was assessed at nineteen enzyme loci (Table 3.13 p., 106). The clinical isolates

collected for this study were obtained from twelve HlV-positive individuals and five

asymptomatic carriers.

3.2.2.c Results

Three clinical isolates exhibited multiple bands at loci suggesting that they were mixed

cultures or heterozygous isolates. The inability to determine the cause of this banding

pattern from this data, as has been discussed previously (p., 83), these three isolates were

eliminated from the analysis.

The allelic profiles of the 36 isolates examined are shown in Table 3.13 (p., 106). The

isolates had fixed genetic differences at 0 to 89.4Vo of the nineteen loci. Isolates clustered

into species as occurred in Section 3.2.7 (p., 93). The isolates could be divided into six

clusters distinguished at over 80Vo fixed genetic differences (Figure 3.6 p., 107). The first

contains C. albicans, C. lusitaniae, C. viswanathii, and C. dubliniensis. The isolates within
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the C. albicans cluster differed at 0 to 32.8Vo of loci. Two clinical isolates from different

patients, 564 and 584, were genetically identical. The C. albicans isolates differed from C.

lusitaniae, C. viswanathii and clinical isolate 34A at l3%o of loci. The clinical isolate

differed from C. lusitaniae at 56Vo of loci and they, in turn, differed from C. viswanathii at

65.5Vo of loci. Clinical isolates S8 and 15526 differed from the C. dublinierzsls type strain at

13 and 43Vo of loci, respectively. They then differed from the C. parapsilosis type strain at

66.3Vo of loci. This group of species differed from the first at l4.lVo of loci and together

constituted the first cluster.

The first cluster differed from the second at 8O.2Vo of loci, the second containing a

clinical isolate S1, the C. guilliermondiitype strain and the S. cerevisiae type strain. The

first two isolates differed from each other at 50Vo of loci and from the last at 69.5Vo of loci.

The third cluster differed from the first and second at 80.5Vo of loci. It contains C.

glabrata, C. tropicalis, T. beigelii and both serovars of Cr. neoþrmans. The two strains of

Cr. neoþrmans var. neoþrmans differed at. 46Vo of loci, and differed from the clinical

isolate 14130, subsequently identified as Z. beigelii at 62%o of loci. These isolates in turn

differed from the T. beigelii type strain at 68.3Vo of loci and from Cr. neoþrmans var. gattii

at l IVo of loci. These species grouped with the C. gløbrata and C. tropicalis type strains at

l8.l%o with these two strains differing at 56Vo of loci. The first three clusters differed from

the second three clusters at 89.4Vo of loci. The fourth cluster consisted of C. krusei and C.

haemulonii, which differed from each other at 65Vo of loci and from C. tropicalis aT.75Vo of

loci. This cluster differed at 82Vo of loci from the type strain of C. norvegensis. The

clinical isolate S21 differed from the C. famata type strain at 607o of loci and this final

cluster differed from the fourth and fifth cluster at 86.3Vo of loci.

Each recognised species could be distinguished from each other, with fixed genetic

differences at above 50Vo ofloci. This value appears to be sufficient for the designation of

distinct species, whereas using a cutoff value of more than SOVo fixed differences does not

separate the Candida genus from other genera.

Of the seventeen clinical or asymptomatic carrier isolates, eleven were identified as

belonging to the C. albicans species cluster; two were within the C. dubliniensis cluster with

one having fixed differences exceeding 5OVo of loci; one was from the C. guilliermondii

cluster; and three were from undetermined Candida species being most closely related to the
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C. famata and C. lusitaniae type strains and the Cr. neoþrmans and T. beigelii cluster but

with fixed differences at over 5OVo of Loci. The clinical isolates that differed from type

strains by over 5OVo of loci potentially represent cryptic species or are from species with

higher levels of genetic variation within them than has been observed for C. albicans.
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Table 3.I2a; Details of the thirty-nine reference and clinical isolates used to estimate the genetic diversity of Candida clinical isolates using allozyme

electrophoresis

lsolate Code Sex HIV status

'17130

564.1 to 6

Site of lsolation

Oesophageal Biopsy
Oral Rinse

Oral Rinse
Blood, lowa

Oral
Systemic; Blood

Oral Buccal Mucosa Swab
skin (interdigital mycosis), Uruguay

Pancreas

Candidiasis

Fluconazole, ltraconazole Fluconazole

Other Notes

Post radiotherapy patient, not H|V-positive. 56A.2 and .4 growth on
agar slopes very adhesive

CD4<200, OHL tongue and coated with white plaques
C. albicans reference strain

Low CD4 count

F
M

?

+
+

+

+
?
+

?

+
carner

OHL
systemic

+
,)

+ Fluconazole

Itraconazole trial

Fluconazole

584.1 to 6 M
ATCC 90028

18502 M
18735 F
18715 M

cBS 562
18527 M

C. albicanstype stra¡n
Multiple abscess and on liver taken at laparotomy; from C. albicans,

enterococci and multiple resistant P. aeruginosa
17484 M + Throat Swab + Fluconazole, ltraconazole, Ketoconazole

5{lurocytos¡ne
12716 M + Oral Swab + Fluconazole, moderate 5- Mixed infection wilh C. krusei; resistant to fluconazole, ltraconazole

flurocytosine and S{lurocytosine. Reidentified as C. dubliniensis
C1 M - UndilutedSaliva

344.1 to 6 M + Oral Rinse ? Growth on agar slopes very adhesive and granular
CBS 6936 citrus essence, lsrael Clt ßp"r" t"ttt^,
CBS 4024 meningitis, cerebrospinal fluid, lndia C. viswanathii type slrain
CBS 7987 + oral cavily, lreland C. dubliniensis type strain

S8
15526 M ? Oral + - Ketoconazole Germ-tube negative, r

51 M - Undiluted Saliva asymptomat¡c carriaqe - species other hhan C. albicans

Annotation as in Tables 3.2 and 3.4 (p.,70 and 78)
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Table 3.12b; Details of the thirty-nine reference and clinical isolates used to estimate the genetic diversity of Candida clinical isolates using allozyme

electrophoresis

lsolate status
2601

cBS 6289 spinal fluid, Zaire
CBS 132 fermenting fruit juice

ATCC 901 13 Cerebrospinal fluid, Pennsylvania systemic

Annotation as in Tables 3.2 and3.4 (p.,70 and78).

Other Notes
S acc h a ro my c es c e rev i s i ae

Cryptococcus neoformans var. gatfrT tvpe strain
CL neoformans var. neoformans type strain
Cr. neoformans var. gattii relerence strain

14130 M + Oral Fluconazole OutDatient. Reidentified WCH on 14/12195 - Trichosporon beiqelii
CBS 2466 Trichosporon beigeliilvpe slrain
CBS 138 human faeces C. glabrata (Torulopsis glabrata) type slrain
CBS 834 kefyr grains, Netherlands Kluyveromyces marxianus (C. kefyÒ b itype slrain
CBS 940 air, Japan C. lamaÍa type strain

S21 F - Undiluted Saliva asymptomatic carriage - species other than C. a/b,bans
CBS 6564 pregnant woman's vagina, London Pichia norvegensis (C. noruegensisl type slrain

C. krusei

+

CBS 94 bronchomycosis C. tropicalis lvpe strain
CAS 5149 gut, Haemub C. haemuloniilype sÌrain
401.1 to 6 M + Oral Rinse t Candrda species
624.1 to 6 M + Mouth swab 2 HIV Ab+, immunosuppressed, clinical HSV of penile shaft
684.1 to 6 M + Oral Rinse ? soecies other than C. albicans
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Annotation as in Tables 3.3 and 3.5 (p.,71 and79).
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5B
1'n30

564
584

C. all:icans ATCC 90028
1 8502
1 8735
1 8715

C. albicans CBS 562
1852'7

17484
127 16

C1

34/.

C. lnsitaniae CBS 6936

C. viswanathii CBS 4024

C. dubliniensis CBS 7987
S8

15526

C. parapsilosis CBS 604

C. guílliermondti CBS 56ó
S1

S. cerevisiae ATCC 2601

Cr. neoþrmans CBS 6289

Cr. neoformans CBS 132
Cr. neoþrmans ATCC 901l3

14130

T. beigelii CBS 2466

C. glabrata CBS 138

C. kefyr CBS 834

C. famata CBS 940

s21

C. norvegensis CBS 6564

C. krusei ATCC 6258

C. tropicalis CBS 5149

C. haemulonii CBS 94

Figure 3.6; Phenogram depicting the genetic relationships between thirty-six
isolates of Candida and related genera, as determined from an allozyme
electrophoresis analysis using nineteen loci

Dashed lines represent unresolved genetic relationships between genetic groups at that taxonomic
level.
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3.2.2.d Interpretation

Allozyme electrophoresis can determine the species identity of clinical isolates that

cluster with type strains. Isolates 564 and 584 from an HfV-negative radiotherapy patient

and an HlV-positive patient with OHL, respectively, were not distinguishable in this study.

These isolates could represent identical clones or closely related strains that were not

distinguished using allozyme electrophoresis.

Clusters of clinical isolates that do not contain any of the assessed type strains may

belong to previously described species for which the type or reference strains were not

included in the study, or represent new species that have not been described previously.

Candida dubliniensis was described during the course of the present study (Sullivan et al.

1995) and so some isolates may initially have been incorrectly identified as C. albicans (eg.,

isolates S8 and 15526). The identity of a selection of those isolates identified as C. albicans

that do not cluster with other C. albicans isolates were investigated further using 18S rRNA

sequence comparisons as discussed elsewhere in this thesis (Section 3.5 p., 200).

Relationships between Candida species in this analysis varied slightly from those in the

taxonomy analysis (Section 3.2.I p.,93). This could be due to the inclusion of other isolates

that alter the relationships between distantly related isolates and by the addition of the IDH

enzyme locus in the latter study.

3.2.3 General Interpretation

A number of assumptions regarding the systematics of Candida and related genera can

be made based on the results of studies 3.2.I and 3.2.2;

o Different species of Candida can be accurately and reproducibly distinguished by

allozyme electrophoresis and using, as a guide, a fixed genetic difference of

greater than or equal to 50Vo.

o Anamorphs and teleomorphs of a Candida species cluster together, supporting

their inclusion into a single taxonomic species.

o The taxonomy of the genus Candida is questionable on the basis of allozyme

electrophoretic data, with isolates being interspersed with other yeast genera on

phenograms.
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a

a

Identification of mixed or heterozygous clinical Candida samples was possible

using allozyme electrophoresis.

This approach also provided a means for the identification of samples of species

other than C. albicans, cryptic species, or species not represented in the type and

reference strains included in the analyses.
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3.3 Epidemiological ønalyses of isolates from HIV-

positive patients using allozyme electrophoresis

3.3.1 Background

Once the allozyme electrophoresis technique was optimised and the range of genetic

diversity among isolates of Candida from clinical samples was estimated, the remaining

approximately SOVo of clinical isolates, that are germ-tube positive and were presumptively

identified as C. albicanxs, wete assessed.

The aims were:

. to assess the suitability of the Candida type and reþrence strains

used in Section 3.2 (p., 93) according to their genetic relatedness

to clinical samples;

o to determine the extent of genetic heterogeneity of clinical isolates

based on the framework established in Section 3.2.1 (p., 93); and

o to determine the genetic relatedness of isolates obtained

from the oral cavity of healthy carriers in relation to isolates

obtained from infected individuals. This would provide

information on the possibility that healthy carriers are potential

sources of infection, and allow assessment of the heterogeneity of

isolates .from carriers.

3.3.2 General materials and methods

The following analyses constitute comparisons of yeast species and strains isolated from

ninety-nine different HlV-positive patients and from the same patient at different times.

The isolates were taken during times of asymptomatic carriage of yeasts and when clinical

infection was evident. Additional isolates were obtained from HlV-negative asymptomatic

oral carriers of yeast species. Where possible, data for multiple isolates obtained from a

single patient have been compared and conclusions drawn regarding the colonising strain.

These 'serial' isolates are designated alphabetically in the order in which they were obtained

ie., patient number then alphabetic order. So, if three samples were obtained from patient 1,

they would be designated 14, 1B and lC. The number of individual colonies picked from
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the original isolation plate whose lysate was combined for electrophoretic analysis is

encoded in the suffix of the isolate code. For example, if isolate 1A consists of three

colonies, it would be designated 14.1-3.

From the ninety-nine HlV-positive patients, an average of two samples per patient were

collected and up to six colonies were isolated from each sample and assessed in eleven

independent analyses (following Sections). As has been discussed in the General Materials

and Methods Chapter, one of the disadvantages of the allozyme electrophoretic technique is

the inability to combine data across gels. As a consequence, each of the analyses conducted

is discussed independently in the following eleven studies and there is a general discussion

of all of the results at the end of this chapter. Information relating to the clinical isolates

used in each analysis is provided within the relevant tables in each subsection. The genetic

relationships between isolates were assessed using varying combinations of the twenty-three

loci established in Section 3.1 (p., 65). The enzyme loci analysed remained consistent, but

the staining intensity and resolution varied between experiments. This has resulted in a few

differences in the enzymes scored and analysed in each experiment. Pairwise comparisons

were made between all isolates in an analysis and the matrices of these comparisons are

contained in Appendix 3. Excerpts from these matrices are included in some Sections.

Isolates were identified according to their relatedness to type and reference strains included

in the individual analyses, using a species cutoff value of fixed differences occurring at over

50Vo of the loci analysed. Each analysis is independently interpreted and a general

interpretation of the analyses is included at the end of this Section.

3.3.3 Study I

3.3.3.a Results

Isolates (Table 3.I4 p., Il3-4) differed at 0 to 92.l%o of the fifteen loci assessed (Table

3.15 p., 115-6) forming twenty-two distinct clusters that differed at over 50Vo of the loci

(Figure 3.7 p.,II7).

The first cluster contained the C. norvegensis type strain CBS 6564 which differed to

clinical isolate 34A at 5'7Vo of loci, the latter strain forming cluster 2. These two isolates

differed from isolate Sl (cluster 3) at 62Vo if loci and from the C. albicans cluster (4) at

66.3Vo of loci. Isolates within the C. albicans cluster differed from each other at 0 to 29.3Vo
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of loci. The fifth to eighth clusters differ from the first four at 83.5Vo of loci. The fifth

cluster contained the type strains of C. guilliermondii and 7. beigelii, which differed from

each other at 50Vo of loci and from the sixth cluster containing isolate l0A (C. glabrata) at

68.5Vo of loci. The seventh cluster contained the type strain of C. viswanathii (CBS 4024)

and the eighth contained the C. lusitaniae type strain (CBS 6936) which differed from each

other at 54%o of loci. The latter two clusters differed from the previously described fifth and

sixth cluster at 80.5Vo of loci.

The first eight clusters differed from the next eleven clusters at 85.9Vo of loci. The ninth

cluster contained the C. glabrata type strain, which had fixed differences aT,'|4Vo of loci

from both the tenth and eleventh cluster. The Cr. neoþrmans var gattil type strain had

fixed differences at 62Vo of loci from the eleventh cluster, which contained the C.

parapsilosls type strain and clinical isolate 521, differing from each other at 33Vo of loci.

This group of clusters differed from the twelfth to eighteenth clusters at 84.8Vo of loci.

The twelfth cluster contained clinical isolates 154 and 15526, which differed at 23Vo of loci

and from the C. dubliniensis type strain at 46Vo of loci. These isolates then differed from

the S. cerevisiae type strain (cluster 13) at 66.3Vo of loci. These clusters differed from the Z.

beigelii reference strain (cluster 14) at 74.5Vo of loci. The type strain of Cr. neoþrmans var

neoþrmans and a reference isolate of Cr. neoþrmans var gattü differed at 33Vo of loci,

constituting cluster 15. The C. kefyr type strain and a clinical isolate (764) differed at 60Vo

of loci forming clusters 16 and 17, subsequently differed to cluster 15 at 79.9Vo of loci.

These clusters differed from clusters 12 to 14at79.9Vo of loci. The C. tropicalis type strain

differed from all of these clusters at 83.2Vo of loci, forming a distinct cluster. The precise

relationship between clusters 19 to 2l could not be accurately determined on the basis of the

available data. With the addition of more loci, this may be possible in the future. The

results presented herein suggest that these three clusters differ from each other at

approximately TOVo of loci. Each of the clusters contain different Candida species, the first

with a reference strain of C. krusei, the second containing the C. haemulonii type strain and

the third with the C. famata type strain. These three clusters differed from the previously

described eighteen clusters at 89.5Vo of loci.

The twenty-second cluster contains a single clinical isolate, I4I3O, subsequently

identified as T. beigelll, which differed at 92.lVo of loci from all other isolates assessed in

this analysis.
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Table 3.L4a; Details of the forty-three reference and clinical samples analysed in study L using allozyme electrophoresis

lsolate Code Sex HIV status
cBS 6564

Site of lsolation
preqnant woman's vaqina, London

AntifunqalBesistance Patient'sTherapv Other Notes
Pichia norvegensis (C. norvegensis\ type strain

Gandidiasis

344.1 to 6 M +

+584.1 to 6
cBS 562

c1
564.1 to 6

12716

Oral Rinse

Oral Rinse
skin (interdigital mycosis), Uruguay

Undiluted Saliva
Oral Rinse

Oral Swab

Oral Buccal Mucosa Swab
Oral

Blood, lowa
Throat Swab

Pancreas

Oesophageal Biopsy
Systemic; Blood

Oral Rinse
sputum

?

Fluconazole, ltraconazole Fluconazole

Grovvth on adhesive and lar

CD4<20O, OHL tongue and coated with white plaques
C. albicanslype strain

Post radiotherapy patient, not H|V-positive. 564.2 and .4 growth
on agar slopes very adhesive

Mixed infection wilh C. krusei; resistant to fluconazole, ltraconazole
and S{lurocytosine. Reidentified as C. dublinÌensis

Low CD4 count
C. albicans reference strain

Multiple abscess and on liver taken at laparotomy; from C.
albicans, enterococci and multiple resistant P. aeruginosa

McCullouoh strain
Pichia guilliermondii (C. guilliermondii) type strain

Trichosooron beloeÍ] tvoe strain

M

M
M

M

carner

18715 M
18502 M

ATCC 90028
17484 M

+

+

+
+

+

?

+
?
+

system c

+

+
+

+

?

+
?
+

Fluconazole, moderate 5-
flurocytosine
Fluconazole

Fluconazole, ltraconazole,
5{lurocytosine

Fluconazole
Itraconazole trial

Ketoconazole

18527 M

F
F
M

17130
1 8735

5B
cBS 566

cBS 2466
704.1 to 6 M +

cBS 6936
cBS 138
cBS 6289
cBS 604

s21

Oral Rinse

citrus lsrael
human faeces

spinal fluid, Zaire
case of sprue, Puerto Rico

Undiluted Saliva

2

F

Annotation as in Tables 3.2 and 3.4 (p.,70 and 78).

4024
Candida

n

strain
C. alabrata (Torulopsis qlabrata\ tvpe strain

Cryptococcus neoformans var. qatfli tvpe stra¡n
C. parapsilosis type strain

NoI C. albicans
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Table 3.14b; Details of the forty-three reference and clinical samples analysed in study 1 using allozyme electrophoresis

lsolate Gode Sex HIV
status

1 5526
154.1 to 6
cBS 7987

cBS 5149

Site of lsolation

Oral
2

Oral cavitv, lreland

gul, Haemulon scrurus (fish),
Florida

Candidiasis Antifungal
Besistence

M
M

+
,)

?

+
Ketoconazole Germ-tube negative, recurrent infection

C. glabrata
C. dubliniensis tvoe strain

haemuloniiType strain

ATCC 2601 Saccharomyces cerewsÊe
ATCC 28592 T. beigelii

CBS 132 fermenting fruit juice Cr. neoformans var. neoformans type strain
ATCC 901 13 Cerebrospinal fluid. Pennsvlvania svstemic Cr. neoformansvar. oattii re'ference strain

CBS 834 kefyr grains, Netherlands Kluyveromyces marxianus (C. kefyÒ b type strain
't ¡'lot C. aO¡cans

CBS 94 bronchomycosis C. trop¡calislype stain
ATCC 6258 sputum, bronchomycosis, Sri C. krusei

Lanka

cBS 940
14130

401.1 to 6
624.1 to 6
684.1 to 6

S8

atr C.

Candida species
HIV Ab+, immunosuppressed, clinical HSV of penile shaft

nol Candida albicans, unidentified Candida species

M+ Oral +

Mouth swab
Oral Rinse

Undiluted Saliva

Annotation as in Tables 3.2 and 3.4 (p.,70 and 78)

M
M
M
M

,)

2

+
+
+
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Table 3.15a; Allelic profiles of forty-three isolates analysed in study 1 at fÏfteen enzyme loci

Enzvme Locus
Isolate Code ALD ENOL GDH G6PD GPI HKI HK2 IDH MPI NDPK PeoA PeoB PCAM PGM PK

cBS 6564 c d c c b e e b

344.1 to 6 b

584.1 to 6
CBS 562

ct
564.1 to 6

12716
18715
I 8502

ATCC 90028
17484
18527
17130
l 8735

5B

SI

CBS 566
CBS 2466
704.I to 6

d

dd
d

d
b

b

a

b

a

c

c

d
d
d
d
d
d
d
d
d
d

a

c
c
c

c
c
c

c
d
d
c

c
c
c

d
d
d
d
d
d
d
d

d

d
d
d

d
d
d
d
d
d

d
d

d

e

e

e

e

e

b d

bcgbjcgbdgae
sa-cbdab

d
d

d

dd

bdh

d
d
d

d
d
d
e

d
d

d

d

d

d

h

h

h

h

h
h
h

h
h

h

h

h

c
c
c

c
c
c
c

c
c
c

a

f

I
dg

ç
g
s
d
d
d
d

d

c
c

g

f
a

f
f
df
f
f
f
f

f
f
f

e

f
f
f
f
f
f
f
e

f
f
f
f
f

d
d
d
d
d
d
d

d
d
d
d
d
d

a

e

e

e

e

e

d
e

e

e

e

e

e

e

e

d

d

e

c

e

g
f
f
e

e

e

e

e

e

f
e

i
a

c
c

c

eg
dc

cc

b

b

b

e

d
c

h

E

a

b
b

d
h
h

bd

b

b

d

fcBs 4024 e d bs f
cBs ó936 c d d I
CBS I38

CBS 6289 d a

cBS 604
s2l

b

Annotation as in Tables 3.3 and 3.5 (p.,71 and79).

f e

d

b

d

dã

b

b

e

d
d

b
c

a

^

f b

b

b
d fd
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Table 3.15b; Allelic profiles of forty-three isolates analysed in study I at fifteen enzyme loci

Enzvme Locus
Isolate Code ALD ENOL GDH G6PD GPI HKI HK2 IDH MPI NDPK PepA PepB PGAM PGM PK

15526
l5A. I to 6
cBs 7987

ATCC 260I b d d a d a b

ATCC28592 b

d
d
c

b
a

b
b
b

c

a

a

c
c

c

c

c
c

a

a

a

h

d

É
dg
d

b
bc
ac

b

e

e

c
cd

c

e

e

e

f

e

e

b

d
d
d

b
b

b

d
d
f

e

cBS 132
ATCC 901 13

CBS 834 ab

76A.1 ¡o 6 b
CBS 94 b

ATCC 6258 b

cBS 5149 d
cBs 940 e

14t30

c
d

b
b

s

e

f
e

d
e

h

b

b

d

h

e

c
h

f

d

h

e

c
c

c
c

c

a
b

h

h

h

c

b

e

e

b

i
b

c

cf

h

b

b

f
h

f
c

f
f
f

e

b

b

s
b

d

b
f

d

b

s
a

e

f
f
d
d

h

e

a

e

h

e

d

b

h
f

e

d
e

e

e

h

c

h

d
ad
c

h
e

Ib
ff e

dg

ac
de

e

e

e

de
e

f
d

fd
à

a

?

a

c k
d
d
e

d

c

a

c
d

b

40I.1 to 6
ó24.1 to 6
684.1 to 6

S8

Annotation as in Tables 3.3 and 3.5 (p.,7l and79)

d

d

e

d
d
d

e

c

ch

d
f
b
d

be
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C. nomegensis CBS 6564

34r'.

S1

-584
C. albicans CBS 562

CI
564

12716
18715
1 8502

C. albicans ATCC 90028
1'7484
18527
l7 130
I 8735

5B

C. guilliermonrltt CBS 566
T. beigelii CBS 2466

704

C. viswanthii CBS 4024

C. Iusitaniae CBS 6936

C, glabrara CBS 138

Cr. neoþrmans CBS 6289

C. parapsilosis CBS 604
s2l

15526
154

C. dubliniensis CBS 7987

S. cerevisiae ATCC 2601

T. beigelii ATCC28592

Cr. neolormans CBS 132
Cr. neoþrmans ATCC 90113

C. kefyr CBS 834

76A

C. tropicalis CBS 94

C. krusei ATCC 6258

C. haemulonii CBS 5149

C. famnta CBS 940

14130

0102030 40 50 60 70

Vo Fixed Differences
80 90 100

Figure 3.7; Phenogram depicting the genetic relationships between thirty-
nine isolates of Cøndidø and related genera used in Study 1, as determined by
allozyme electrophoresis analysis using fifteen enzyme loci.
Dashed lines represent unresolved genetic relationships between genetic groups at that taxonomic
level.
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3.3.3.b Interpretation

Most isolates assessed in study 1 belonged to the C. albicans cluster (eleven of nineteen

isolates), two belonged to C. dubliniensi,s, one to C. parapsilosis and five to undetermined

Candida species. As discussed in Section3.l.2 (p,74) isolate 14130 was later identified as

belonging to the species Trichosporon beigelii. However, the large genetic difference

between this clinical isolate and the T. beigelii type strain CBS 2466 according to the

current data question this identity.

Clinical isolates 15A and 704 were originally identified as C. glabrata, according to

traditional characters, prior to their allozyme electrophoresis analysis. In this

electrophoretic analysis, isolate 15A clustered with C. dubliniensis, which may be a

consequence of the recent description of this species. Isolate 704 was genetically distinct

from the other Candida species analysed, suggesting that it constitutes an alternative species

to C. glabrata, and perhaps represents an, as yet, undescribed species.

The type and reference strains for the Cryptococcus neoþrmans setovars formed two

distinct clusters (CBS 132 and ATCC 90113), suggesting that these subtypes may warrant a

separate species designation. Additionally, the Cr. neoþrmans vat gattii reference strain

(CBS 6289) may have been improperly designated or was contaminated because it is not

associated with the other Cr. neoþrmans isolates assessed in this analysis.

3.3.4 Study 2

3.3.4.a Results

The isolates assessed in study 2 (Table 3.16 p., 120-2I) varied at 0 to 89.4Vo of the

nineteen enzyme loci assessed (Table 3.I7 p., 122). They formed nineteen distinct clusters

with fixed differences between them at over 50Vo of the loci (Figure 3.8 p., 123).

The first cluster of isolates comprised nine clinical isolates, which exhibited fixed

differences between them at O to 46.6Eo of loci. Since many of these isolates have been

identified, using traditional methods, as C. albicans and have clustered in earlier

experiments with the C. albicans type and reference strains, this cluster probably represents
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this species. Isolate 688 differed from the first cluster at 53.6Vo of loci and constituted the

second cluster. Isolates ATCC 2298I and 14130 differed fromeach other at 60Vo of loct,

forming clusters 3 and 4, which differed from clusters 1 and 2 at 69.9Vo of loci.

These four clusters differed from clusters 5 and 6 at l9.3Vo of loci. Cluster 5 contained a

single isolate ATCC 2601, the type strain for S. cerevisiae which differed from cluster 6 at

l7.8Vo of loci. Cluster 6 contained four clinical isolates and the C. dubliniensis type strain

that differed from each other at 8 to 2l.3%o of loci. The specific relationship between the

three clinical isolates could not be accurately resolved on the basis of the nineteen loci

assessed herein. However, the fixed differences between them ranged from 8 to l2.5Vo of

loci and the relationship between them has been approximated and is represented with a

dashed line. This cluster probably constitutes the isolates, in this analysis, that belong to the

C. dubliniensls species.

Clusters 7 to 10 differ from the first six clusters at 84.2Vo of the nineteen enzyme loci

assessed. Clinical isolate 764 and the T. beigelii type strain, which differ from each other at

5OVo of loci, constitute cluster 7. Cluster 8 contains the Cr. neoþrmans var. neoþrmans

type strain CBS 132, which differs from cluster I at 59.5Vo of loci. Clusters 9 and 10 differ

from each other at 62Vo and from clusters 7 and I at l4.8Vo of loci. They contain single

isolates CBS 138, the C. glabrata type strain, and 864. Clusters 11 to 16 contain single

isolates, which differ from the previously described clusters at 86Vo of loci. These clusters

differ from each other at 62Vo to 827o of loci, but the specific relationships between these

clusters could not be reproducibly resolved using this data. For this reason, the relationship

between these clusters has been approximated and is represented in the phenogram by a

dashed line. Cluster 11 contains the C. famata type strain, CBS 940, cluster 12, contains the

C. guilliermondii reference strain, ATCC 6260. Cluster 13 contains the C. Iusitaniae type

strain, cluster 14, the C. norvegerzsls type strain. Clusters 15 and 16 contain the C.

parapsilosls type strain and clinical isolate 521, respectively.
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lsolate
Code
M2A

17484

P1

16517

564

M5A

12716

A2

914

Sex Htv

Table 3.16a; Details of the thirty-four reference and clinical samples analysed in study 2 using allozyme electrophoresis

Site of lsolation Antifungal Resistance Patient's
Therapv

Other Notes
status

Oral Rinse

Throat Swab

Gandidiasis
lnfection

M

M

+

+

+

+

Patient with acute pseudomembranous
candidiasis

Systemic; Blood

Oral Rinse

Oral Rinse

Oral Swab

Patient with chron¡c atrophic candidiasis
Oral Rinse

Fluconazole, ltraconazole, 5-
flurocytosine

Fluconazole, moderate 5-
flurocytosine

Ketoconazole

penicillin

Lesions induced in 60% of rats

Post radiotherapy patient, not H|V-positive. 564.2 and .4 growth on
agar slopes very adhesive

Mixed infection wilh C. krusei; res¡stant to fluconazole, ltraconazole
and 5{lurocytosine

Lesions absent in rat.

Candida species, germ tube + but possibly mixed with other yeast

2

+

+

,)

?

+

+

+

+

M

M

M

M

M

688 M + nol Candida albicans, unidentified Candida species

ATCC
22981
14130 M

ATCC 2601

401

1 5526

S8

cBS 7987

348

+

cerebrospinal lndia

Oral

Oral Rinse

Oral

Undiluted Saliva
oral cavity, lreland

Oral Rinse

+

M

M

M

M

?

+

?

+

?

+

+

C. viswanathii reference strain

Fluconazole Outpatient. Reidentified WCH on 14/12/95 - Trichosporon beigelii

Saccharomyces cerevisiae lype strain

Candida species

Germ-tube negative, recurrent infection

C. dubliniensis type strain

Growth on agar slopes very adhesive and granular

Ketoconazole

cBS 2466

764 ,)
+M Oral Rinse

Annotation as in Tables 3.2 and3.4 (p.,70 and 78).

beigeliiType slrain
Nol C. albicans
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Table 3.16b; Details of the thirty-four reference and clinical samples analysed in study 2 using allozyme electrophoresis

lsolate Code Sex HIV status Site of lsolation Candidiasis lnfection Antifungal Besistance Patient's Therapy Other Notes
CBS 1 32 fermenting fruit juice Cr. neoformans va¡. neoformans type strain

cBS 138 human faeces C. glabrata (Torulopsis glabrata)Iype stain
864 M + 2 Candida species, no| C. albicans

940 air, Japan C. famata type stra¡n

6260 bronchomycosis

CBS 6936 citrus essence, lsrael

C. guilliermondii reference strain

Clavispora lusitaniae (C. lusitaniae) Iype strain

6564 pregnant woman's vagina, London

CBS 604 case of sprue, Puerto Rico

s21 Undiluted Saliva

834

ATCC 6258 sputum,

cBS 573 sputum, bronchomycosis, Sri Lanka

s4A M Oral Rinse

F

Pichia norvegens,s type strain

C. parapsilosis type strain

Not C. albicans

Kluyveromyces marxianus (C. kefy)Type slrain

C. krusdt reference strain

Issatchenkia oientalis (C. kruser) type strain

544.1 growth on agar slopes very adhesive

CBS 5149 gul, Haemulon scirus (fish), Florida C. haemuloniitype strain

+ 2

Annotation as in Tables 3.2,3.4 and 3.1 (p., 70, 78 and 85).
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Table 3.17; Allelic profiles of thirty-four isolates analysed in study 2 at nineteen enzyme loci

Enzvme Locus
IsolateCode ALD ENOL EST FDP FUM GDH COT G6PD GPI HKI HK2 NDPK NP PepA PepB PGAM 6PGD PGM PK

M2A.
17484

P1

16517
56A
M5A
t27 16

A2
914

c

c

c

c

c

c

c

d
d
d

d
d
d
d

d

b

b
d

d
d
b

c

b
b

A

a

a
c
d
c
c

a

d
d
d
e

d
e

d
e

d

d
d
d
d

d
d
d
d

c
c
c

c
c
c

c

d

d
d

i
d

i

b
b

b

b

b

d
d
d
d
d
d
d
d
d

d
d
d
d
d
e

d
d
d

e

a

a

a

a

a

a

a

a

a

a

c
c
c
d

a

e

e

e

c

b
c
c

c

b

b
b
c
b

cc

a
a

a
a

a

d
d
d

d
d
d
d
d
c

d
d
d
d
h

c

f

d
d

d
d
d

d
d

f
c

e

c

c

c
c
c
e

c

h

h

h

h

h

h
h

h

f

d
d
d
d
d
d
s
e

c

c

!
eg

d

688
A1CC2298I d

14130 a

ATCC 2601

40r
15526

S8

cBs 7987
348

cBs 2466
76A.

CBS I32

c
c
c
c
c

c
f
c

b

d

I

c

d

d

d

b
c

d

d
d
d
d

d

bd

d d

b

g

f
d
d

e

a

b

a

cd

e

d
d

e

e

d

d

e

b

h

h

e

a

d

b

b

b

b
b
d

d

e

c

a

b

c

c d

b

b

h

e

a

e

b

ce

f a

b
b
b
b

b
c
c

c

d
d
d

d
d
b
b

b

c

d e

e

h

d

b

k

h

c

h

ae

e

c

c

d

c

c

b

b

d

a

h

e

d
h

c

c

E

c

a

f
f
f
f
f
c

e

d

b

b

a
b
d
d

a

b

b

c

b
c

c
c

c
c

c

f

e

e

e

f
e

e

b

b

b

b

b

c
d

b
b

d

c

ac

d

e

e

e

a

e

b

a

e

c

e d

h
c

b

ce

d
d

h
h

c
g

cBs r38
864

c

c

e

s

a

b

d
d
d

eh

h

d

b

s
e

e

e

a

c

e

d

ce

a

be

cd

h

b

d

CCdcd-d-ec
c s h

d

a

dcBS 940
ATCC 6260 f
cBs ó936 b

CBS 6564
CBS 604

s2l
cBs 834

^ccBS 5149 h
cBS 573

ATCC 6258

54A.

a

c e d

d

dbd

b

a

e

e

d c

b
b

e

r
f

e

e

k

fe

d

ad

e

e

o

o
h

h
c
b

d
cc

dbc

Annotation as in Tables 3.3,3.5 and 3.8 (p.,11,79 and 86)
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M2A
17484

P1

16517
564

M5A
12716

A2
91A

688

C. viswanat hii A"|CC 22981

14130

S. cerevisiae ATCC 2601

40I
15526

S8
C. dubliniensis CBS 7987

348

T. beigelü CBS 2466
76ê'

Cr. neoformans CBS 132

C. glabrata CBS 138

864

C.famata CBS 940

C. guilliermondii ATCC
6260

C. lusitaniae CBS 6936

C. norvegensis CBS 6564

C. parapsilosis CBS 604

s21

C. kefyr CBS 834

C. haemulonii CBS 5149

C. krusei CBS 573
C. krusei ATCC 6258

Figure 3.8; Phenogram depicting the genetic relationships between thirty-
three isolates of Candid,a and related genera used in Study 2, as determined
from an allozyme electrophoresis analysis using nineteen loci.
Dashed lines represent unresolved genetic relationships between genetic groups at that taxonomic level.

0102030 40 s0 60 70

Vo Fixed Differences
80 90 100
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3.3.4.b Interpretation

Of the eighteen clinical or asymptomatic carrier isolates assessed, nine were contained

within the C. albicans cluster. Although this cluster does not contain a type or reference

strain for this species, it's identity can be invoked by the presence of other clinical isolates

assessed in previous analyses that clustered with C. albicans type or reference strains (eg.,

56A,17484, t2716,51').

Isolates P1 and A2 (Allen and Beck l98l) were genetically distinct, but both belonged to

the same cluster of isolates in this study. This result suggests that there are vast differences

in the virulence of strains within a single genetic cluster.

Four clinical isolates were contained within the C. dubliniensis cluster. Another isolate

was associated with the Trichosporon beigelii reference strain, but it was quite distinct and

may belong to the species C. guilliermondii. The species identity of four clinical isolates

could not be determined because they did not associate with any of the reference strains

used in this analysis.

3.3.5 Study 3

3.3.5.a Results

Isolates (Table 3.18 p., 125) varied at 0 to l4.2%o of the nineteen loci examined (Table

3.I9 p., 126). Three clusters of isolates with fixed differences over 50Vo were evident

(Figure 3.9 p., 127). The first contained the majority of clinical isolates assessed, which

differed at 0 to 26.4Vo of loci.

This cluster also contained the C. albicans type and reference strains. Some of the

relationships within the lower levels of this cluster were unable to be conclusively resolved

using the available data (hence represented by a dotted line). This cluster differed from the

second at 67.2Vo of loci. The second cluster contained two isolates, the C. dubliniensis type

strain and clinical isolate 40H, which differed from each other at 44Vo of loci. The third

cluster contained a single isolate, the C. parapsilosis type strain, which differed from all

other isolates assessed herein af 74.2Vo of the loci.

124



Table 3.18; Details of the twenty-seven reference and clinical samples analysed in study 3 using allozyme electrophoresis.

lsolate Code Sex HIV status
714.1 to 6
71 8.1 to 6
cBS 562

Site of lsolation
oral rinse
oral rinse

skin(interdigital mycosis),
Uruguay

Pharynx Swab
Blood, lowa

Oesophageal Biopsy
Blood, lowa

Palate Swab

Oral Swab

oral cavity, I

Oral Rinse

Oral Rinse
Tonoue Swab

,)
+

Candidiasis

systemic

Fluconazole, ltraconazole Fluconazole

Fluconazole, moderate 5-
flu

Fluconazole

C. albicans type strain

same time as 6BC
C. albicans reference strain

C. albicans reference strain

Mixed infection wilh C. krusei; resistant to fluconazole, ltraconazole
and S-flu Reidentified as C. dubliniensis

C. dubliniensis type strain

1 month later
Candida species, 7 months later

804.1 to 6
68D.1 to 6 M

ATCC 90029
408.1 to 6
444.1 to 6
468.1 to 6

17130 F
ATCC 90028

464.1 to 6
848.1 to 6 M
40J.1 to 6

12716 M

+

+

+

+

+

systemic

cBs 7987 +

+

2

2

+

40H.1 to 6
cBS 604

404.1 to 6 M 1 2 2 Clinical and identification data not available
40C.1 to 6
40D.1 to 6
40E.1 to 6
448.1 to 6
68C.1 to 6

68E',
68F.1 to 6
Fl¿lì 1 tô Â

M
M
M
M

+
+
+
+

Annotation as in Tables 3.2,3.4 and 3.7 (p.,10,78 and 85).
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Table 3.19; Allelic profiles of twenty-seven isolates analysed in study 3 at nineteen enzyme loci

Enzyme Locus
Isolate Code
71Á..1 ¡o 2

7tB.l-2,5.6
CBS 562

804.5
68D.1-4,6

ATCC 90029
408.1 to 6
444.1 to 6
468.1,4
t7130

ATCC 90028
464.1 to 6

848.2
40J.1
127 16

cBS 7987
40H.1 to 6

a
ã.

d
d
d
d
d
c
d
b

c
c
d
d
de
a

c

a

a

d

d
c
b
b

b
b
b
b

b
b
b

b
b

b

b
b
b

b
b
b

b
b
b
c
b
b
b
b
a

a

a
a

a

a
a

a

a

a

a
a
a

a

a

a

d
d
d
d
d

d
d
d
d

d

d
d

d
d
d

c
b
a

b

b
b
b

b
b
b
b
b
b
b

b

b
a

b

b
b

c

c
c
c
c
c

c
c
c

c
c
d
b

a

a

b

b

a
c
b

b

a

a

b
b
b

b
b
b

c
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b
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b
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b
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d
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c
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d
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d
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b
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:
a

a
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b
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c
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d
d
d
d
d
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a
a
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a

a

a

a
b

b
b
b
b
b
b

^
a
a

d
b
b

bd
df
df
d

cBS 604

b
c
c
c
d
d
d
d
d

a

c

c
c
b
b
d

b

a

a

a

?

a

b
a

a

a

c
c

bc

a

a

a

b

a

d
d
d

d
d
d
d

d

a

ac
ac
ac

ac

c
d
d

d

a

a

a

a
a

a

a

a

a

b
b

d
b
b
b
b
b
a

404.1 to 6
40c.2-3,6

40D.1-2,4,6
40F,.4-6

MB.1 to 6
68C.2 ro 5

688'.1 to 6
68F.1 to 3
84C.1 to 6

Annotation as in Tables 3.3,3.5 and 3.8 (p.,J1,79 and 86)
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ltB

C, albicans CBS 562
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68D

C. albicans ATCC90029

408

44Á.
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11130

C. albicans ATCC 90028
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84B

401

12776

C. dubliniensis CBS 7987

40H

C. parapsilosis CBS 604

01020 30 40 50 60
Vo Fixed Differences
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Figure 3.9; Phenogram depicting the genetic relationships between
eighteen isolates of Candída used in Study 3, as determined from an
allozyme electrophoresis analysis using nineteen loci.
Dashed lines represent unresolved genetic relationships between genetic groups at that

taxonomic level.
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Table 3.20; Matrix of the percentages of fixed genetic difference

between pairs of isolates from 5 individual patient in study 3.

a; Percentages ofloci at which fixed differences occurred between isolates from
the same patient are shown in bold, other values are the percentages of fixed
differences between unrelated isolates.
b; When fixed differences do not occur at any of the loci examined (ie., the
isolates differ at O7o), the isolates are closely related but not necessarily identical
Allozyme electrophoresis provides a conservative estimation of the genetic
diversity between isolates.

Isolate 40B 40H 401 461r 468 7IA
40H 50'
40J 44 50
46A 11 50 33

46B. 22 56 39 11

7tA 28 6l 39 17 28

7tB 28 6I 39 2I 28 00
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3.3.5.b Interpretation

Nine clinical isolates exhibited multiple banding patterns due to being mixed or

heterozygous and were therefore eliminated from the analysis. Two clinical strains, derived

from a single colony, were multiple banded (12116 and 848.2) suggesting that they are

heterozygous or contaminated. The same was also noted fol the C. parapsilosis type strain

at the PGM enzyme locus. Their purity was confirmed using a Gram stain, where only

yeast cells were evident. The implications of this result are that eithel the C. parapsilosis

Type strain has become contaminated (unlikely since there was only one enzyme with

multiple bands) or that this strain is heterozygous for the PGM locus. Twelve of the thirteen

remaining clinical isolates assessed belonged to the C. albicans cluster and one belonged to

the C. dubliniensis cluster.

Using an excerpt from the matrix of pairwise comparisons in Appendix 3 (Table 8),

multiple isolates from a single patient were compared independent of all other isolates

assessed. Isolates from patient 40 were all very distinct, differing at 44 to 50Vo of loci

(Table 3.20 p., 128). Isolate 40H was identified as C. dubliniensis and the other isolates

assessed were C. albicans. Isolate 40B was taken on the 10th of May 1995, 40H on the 17th

of January 1996 and4OJ on the 13th of March 1996. Al1 three isolates were from oral rinses.

Isolates 4OA, C, D and E were mixed/heterozygous and were therefore eliminated from the

analysis. All of the isolates were obtained from oral rinse samples in the absence of obvious

lesions and were all taken at different times. Patient 40 participated in an amphotericin B

lozenge trial, commenced prior to the collection of isolate J. Following this treatment,

patient 40 was no longer colonized with C. dubliniensis, as they were when the previous

sample was obtained (isolate 40H), but were instead colonized by another C. albicans strain.

This patient illustrates the complexity of oropharyngeal candidiasis and asymptomatic

carriage since on no occasion was the same strain obtained from two oral rinse samples.

The clinical implications of this and other similar observations in this thesis are further

explored in the Discussion Chapter (p.,254).

Isolates A and B from patient 46 differed at IIVo of loci, constituting distinct C. albicans

strains. They were both isolated from oral rinse samples taken on the 22"d ofMay 1995 and

the 16th of August 1995, respectively.

Patient 68 participated in an amphotericin B lozenge trial during the time that isolates D

to G were collected. The isolate obtained just prior to the trial was mixed/heterozygous and
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at the commencement of the trial it was a single/homozygous isolate. Subsequent isolates

were mixed/heterozygous, suggesting that the amphotericin B lozenges may have

contributed to the increased incidence of a mixed colonization or the appearance of

heterozygous strains in this patient. The lozenges contain 100mg of Amphotericin B and

patients in the trial took 4 per day. This is equivalent to the 400mg per day recommended

for the treatment of oral fungal infections including oropharyngeal candidiasis (see

http://www.thebody.com/pwa/ampho.html) but the slower delivery of the drug may lead to a

fungiostatic rather than a fungicidal effect on Candida.

Clinical isolates 714 and B were genetically identical according to the allozyme

electrophoresis results, which suggests maintenance of the same strain of C. albicans. The

two samples were taken one week apart on the 9th and the 16th of August 1995, respectively,

both arising from oral rinses.

3.3.6 Study 4

3.3.6.a Results

Four clusters of isolates (Table 3.2I p., l3I-2) that differed at over 5OVo of the nineteen

loci assessed (Table 3.22 p., 133-4) are evident in study 4 (Figure 3.10 p., 135). The first

contains the majority of clinical isolates, along with the C. albicans type and reference

strains, with fixed differences occurring at 5 to 40.9Vo of loci. It can be assumed that this

cluster constitutes the C. albicans species in this analysis. The second and third clusters

contain single isolates CBS 604, the C. parapsilosis type strain, and clinical isolate 344.

These two clusters differ from each other at 65Vo of loci and from cluster I atlZ.4%o of loci.

The fourth cluster differs from the other three at 76.9Vo of loci. It contains two clinical

isolates and the C. dubliniensis type strain CBS 7987 with fixed differences between them at

24 to 4lVo of loci. This cluster probably constitutes the C. dubliniensis isolates in this

analysis. The described clustering pattern was accurate and reproducible. However, with

repeat analyses, the genetic relationships between isolates within the first cluster that

differed at less than 3O.7Vo of loci (subcluster A) were not. This is due to there being tied

values in the matrix of fixed genetic differences (see Richardson ¿/ al. 1986 for a more

detailed discussion). The percentage of loci at which multiple isolates from a single patient

have fixed differences, taken from the matrix (Appendix 3, Table 9) is discussed.
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Table 3.2Ia; Details of the forty-six reference and clinical samples analysed in study 4 using allozyme electrophoresis

lsolate Code Sex HIV status Site of lsolation Candidiasis Antifungal Resistance Patient's Therapy Other Notes
CBS 562 skin (interdigital mycosis), C. atbicanslype strain

Uruguay
Oral Rinse
Oral Rinse

17D.1 to 6
174.1 to 6
178.1 to 6
468.1 to 6
844.1 to 6

ATCC 90028
804.1 to 6

17130
194.3
12716

714.1 to 6
71 8.1 to 6

ATCC 90029
238.1 to 6
234.1 to 6
23C.1 to 6
17C.1 to 6
88D.1 to 6

224.'l lo 6
228.1 lo 6

314.1 to 6
40D.1 to 6
68C.1 to 6

cBS 7987
304.1 to 6

4OF.1 lo 2

M
M

M
M
M
M
M

M
F
M
M

M
M

M
M
M
M
M

M
M
M

+
+

+
+
+
+
+

+
+
+
+

+
+

+
+
+
+
+

Palate swab
2

Oral Rinse
Oral Rinse
Oral Rinse
Blood, lowa
Oral Rinse

Oesophageal Biopsy
Oral Binse
Oral Swab

system c

?
+

?
?

+
?

+

?

+
?

+

?
?

OHL
+
?

?

OHL

Fluconazole 100m9/day
fluconazole

Fluconazole, ltraconazole Fluconazole

Fluconazole, moderate 5-
flurocytosine

f ungilin

Fluconazole resistant candidiasis, Germ tube positive, FCZ
resistance required

C. albicans reference strain

Mixed infection wilh C. krusei - resistant to fluconazole,
Itraconazole and S-flurocytosine. Reidentified as C. dubliniensis

C. albicans reference strain

candidiasis, oral hairy leukoplakia

C dubliniensis type strain
Previous isolate fluconazole sensitive

Oral Rinse
Oral Rinse
blood, lowa

OHL Tongue swab
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse

?
2
?

+
+
+

Oral Rinse
Oral Rinse
Oral Rinse

oral cavity, lreland
Oral Rinse

19D.1 to 6 M + Oral Rinse ')
31E.1 to 6 M + Oral Rinse 2

cBS 604
344.1 to 6 M + Oral Rinse 2 Growth on aqar slopes verv adhesive and qranular

M

M

+

?

+
+

+

Fluconazole On 50mg
fluconazole a day

Oral Rinse

Annotation as in Tables 3.2 and3.4 (p.,70 and 78).
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Table 3.21b; Details of the forty-six reference and clinical samples analysed in study 4 using allozyme electrophoresis

lsolate Code Sex HIV status
324.1 to 6
328.1 to 6
334.1 to 6
40C.1 to 6
40E.1 to 6
684.1 to 6
68D.1 to 6

Site of lsolation
+
+
+
+
+
+
+

+

+

+

+

+

+

+

+

Swab OHL Tongue
Oral Rinse
Oral Rinse
Oral Rinse
Oral Binse
Oral Rinse

Pharynx Swab

Candidiasis Antifunqal Resistance Patient's ïherapv Other Notes

Oral pseudomembranous candidiasis, sensitivity to amphotericin B
requested

Oral pseudomembranous candidiasis, sensitivity to amphotericin B
requested

candidiasis, oral hairy leukoplakia, sensitivity to amphotericin B
requested

candidiasis, oral hairy leukoplakia, sensitivity to amphotericin B
requested

pseudomembranous candidiasis, oral hairy leukoplakia, sensitivity
to amphotericin B requested

pseudomembranous candidiasis, oral hairy leukoplakia, sensitivity
to amphotericin B requested

qerm tube positive

OHL
2
2

2
,)

2
,)

+

+

+

+

+

nol C. albicans
obtained at the same time

as 68C
obtained at the same time

as 844
848.1 to 6 M Palate Swab

Oral Rinse

Oral Rinse

Left Buccal Mucosal swab

Right Buccal mucosal swab

Left Buccal Mucosal Swab

Oral Rinse

Oral Rinse

888.1 to 6

88C.1 to 6

88E.1 to 6

88F.1 to 6

88G.1 to 6

88H.1 to 6

881.1 to 6

Annotation as in Tables 3.2,3.4 and 3.7 (p.,10,78 and 85)

M

M

M

M

M

M

M

Pseudomembranous
candidiasis over OHL
Pseudomembranous
candidiasis over OHL

2
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Table 3.22a; Allelic profiles for the forty-six isolates analysed in study 4 at nineteen loci

Enzvme Locus
IsolateCode ADH ALD ENOL EST FDP FUM GDH G6PD GPI HKI HK2 NDPK NP PepA PepB PCAM 6PcD PcM PK

CBS 562
22A.1 ¡o 6
228.1 ro 6
l7D.l to 6
l7A.l to 6
I 78.1 to 6
468.1 to 6
844.1 to 6

ATCC 90028
804.1 to 6

l'7130
r 9A.3
12716

7lA.l to 6
7lB.l to 6

ATCC 90029
238.1 ¡o 6
23A.1 .o 6
23C.1 ¡o 6
17C.1 to 6
88D.1 to 6

e

e

e

e
e

b
e

e

e

e

e

c

e

e

e

e

e

e

e

e

e d
d
d
c

c

c

c

d

c
d
d
c
c

c
c

c

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a
a

a

a
a

a
a

a
a

a
a

a

a
a.

a

a

a

a

a
a

a
a

a

a

a

a
a

a

d
d

d
d
d
d

d
d
d
d
d
d
d

d
d
d
d
d
a

d

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

f
f
f
f
f
f
f
f
f
f
f
f
f
f
f

e

h

f
f
f
f
f
f
f

AE

b
f
d
d
b
b
b

b
b
b
b
c

b
a

a

a

e

b
f
f
f
f

d

a

c

c
a

c

e

c

c

b
c

c
c
c

b
b

b

c
d
c

b
e

c
c
c
c
c
c

c
c

c
c
c
c

c

c
c

c
c

d
c

a

c
c
c
c
b
c

c
b
b

b
b
b
d
d
b

c

b
b

b

b

d

c
c

b

c

a

c
c

c
c

c

c
c
c
c
c
b

c
b

c

d
d
d
d
d

d
d
d
d
d
d
d

d
d
d
d
d
d
d
d

d

d

f

b

b
b
b

c

:

b
b

b

b
b

b
b
b
b
b
b

d
c
c
c
c

c

c

c

c
b

b
b

b
b
b

f
f
f
f
f
f
f
f
f
f

f

f
f
f
f
f
f
f
E

e

c

d
d

d
c
c
c
c
c
d
d
d
d

d

d
c
c

c
c
c

d
d
d

d

d

d
d
d
d
d

d
bc
b

d

d
d

d
d
d
d

d

d

d
d

b
b

b
b

c
c

b
c
c
c
c

c
c
c
c

c
c

b

314.1 to 6
40D.1 to 6
68C.1 to 6
l9D.l to 6
3l E.l to 6

cBS 604
344.1 to 6

CBS 7987
304.1 to 6

40F.1 ao2

d

ab

d

c

b

c

a

a

d

d
d
d

d
d

h

e

d
b
b

b
b

b a

a

a

a

e

d
b

c

b
b

b a

d

b

f
a

b

b

d

da f
fd

e

a

a d a

a

a

a

b
b

c

b

b

a

b

c a

c

c

b

b
b

b
b

b
a

c

c

a

a
f
c

b
b

b

b

a

a

b b d db

Annotation as in Tables 3.3 and 3.5 (p., 70 and 78)
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Table 3.22b; Allelic profiles for the forty-six isolates analysed in study 4 at nineteen loci

Enryme f,ocus
IsolateCode ADH ALD ENOL EST FDP FUM GDH G6PD GPI HKI HK2 NDPK NP PepA PepB PGAM 6PGD PCM PK

32A'1 to 6
328.1 to 6
334.1 to 6
40C.1 to 6
40E.1 to 6
684.1 to 6
68D.1 to 6
848.1 to 6
888.1 to 6
88C.1 to 6
88E,1 to 6
88F.1 to 6
88G.1 to 6
88H.I to 6
88I.1 to 6

e

e

e
e
e
d
e

ce
e

e
e

e

e

d
d

bc
ac

c
c
c
c
c
c
c

d
d
d
d

d
c
d
ce
d
e

d
d
d
d
d
d
d
d
d

d
bd
d
d
d
d
d
d
d
d

b
b
c
b

b

b
b

b
b

c
c
d
c
ac
c
c
c
c
c
c
c
c
c

c
c
b

ac

ac
c
c
b
b
b
b
b
c
b

f
c
c
c
c
c

c

i
c

b
b
b
d
d
e

d
c
b
b
b
b
b
b
b

b
b
c
b
b
c
c
c
b
b
b
b
b

e

b

d
d
f
d
f
f
f
f

eg
eg
eg
eg
cg
cg
cg

ch
ch
f
cf
f
cf
f
f
f
f
f
f
f
f
f

bf
bf
bf
af
f

bg
be
d
bf
bf
f
f
f
c
bf

e

c
d
bc
be
d

d

c
c
c
c
c
c

d
d
d
d
c
d
d
d
d

d

d
d

d

b
b
a

c
c
c

c
b
b
a
b
b

bbde

Annotation as in Tables 3.3, 3.5 and 3.8 (p.,71,79 and 86)
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llc
88D
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19D
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C. parapsilosis CBS 604
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C. dubliniensis CBS 7987
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%o Fixed Differences

Figure 3.1.0; Phenogram depicting the genetic relationships between thirty-
one isolates of Candida used in Study 4, as determined from an allozyme
electrophoresis analysis using nineteen loci.
Dashed lines represent unresolved genetic relationships between genetic groups at that taxonomic
level.
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Table 3.23; Matrix of the percentages of fixed genetic difference between multiple isolates from 6

individual patients in study 4

Annotation as in Table 3.2O (p.,128).

7tA

7

40F

86
78

40D

7l
42
36

3lE

42
80
46
aaJJ

314

47
J 1

l 1

29
29

23C

44
60
4l
65

50
35

238

28
38

4l
2l
t6
36
24

23Ál

22
17
47
60
47

78
43
28

19D

53

56
50
53

JJ

4l
78
57
44

19A

26
37
39
33

35

33

33

12
36
22

17E

36
50
29

2t
36
43
J I
33

86
JJ
29

t7D

2t
28
39
JJ
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4I
35
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39
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43
28

T7C

28
36
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37
42
39
28
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33
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50
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t7A
28
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I7

39
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29
29
35
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29
78
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Isolate
flC
17D
l7E
l9A
19D

23¡l
23B
23C
314
3lE
40D
40F
7IA
ttB
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3.3.ó.b Interpretation

Of the twenty-six clinical or asymptomatic isolates assessed, twenty-three were placed

within the C. albicans cluster. Of the remaining clinical isolates, two were within the C.

dubliniensis cluster and one was from an undetermined species of Candida. Eighteen of the

clinical C. albicans isolates were contained in the subcluster A population, which had

unresolvable genetic relationships among them. This result indicates a lower limit in the

resolving power of allozyme electrophoresis in this particular analysis. The resolving power

of allozyme electrophoresis in this case differs to that of other present analyses because it is

severely affected by the larger number of alleles that could not be unequivocally interpreted

and the close genetic relationship between the 19 isolates in subcluster A. However, the

other relationships within this analysis were resolvable due to the additional loci that could

be scored.

Table 3.23 (p.,136) contains a portion of the matrix in Appendix 3 (Table 9) designating

the percentage of loci at which fixed differences occur between isolates obtained from a

single patient. Different isolates from patient 17 differed at 14 to 36Vo of the loci assessed,

representing distinct C. albicans strains. Isolate 17A was collected for the preliminary

investigation, prior to June 1995, C and D were collected on the29'h, and E on the 30th of

August 1995. The origin of isolate 174 was not provided. Isolates I7C and E were oral

rinse samples, D was a palatal swab of an obvious lesion. As with patient 23, the strain

causing the infection in this patient is distinct from the predominant strain obtained from an

oral rinse sample. The predominant isolate from the oral rinses on consecutive days also

differed. This patient was colonized by at least three distinct C. albic¿ns strains at the end

of August, 1995.

The multiple isolates from patient 23 differed at I7 to 28Vo of loci, constituting distinct

C. albicans strains. Isolate 238 was taken from a tongue swab and C from an oral rinse in

this patient when oral hairy leukoplakia was noted on the 19th of May 1995. Isolate 234

was from a previous oral rinse sample taken on the 1lth of April 1995. This result suggests

that the strain causing the oral hairy leukoplakia infection is genetically distinct from the

previous strain and from the predominant strain in the oral cavity, assuming that the strain

obtained from an oral rinse sample represents the most predominant one.

Isolates 31A and E differed at 47Vo of loci. They were both oral rinse samples, obtained

on the 3'd of May 1995 and the 29Th of November 1995, respectively. Isolates 194 and D
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differed af 26Vo of loci. They were also both oral rinse samples obtained on the 5th of April

1995 and the 241h of January 1996, respectively. In both of these cases, the patient became

colonised by a different strain over the course of a few months.

Isolates 40D and F differed at T IVo of loci, with 40D belonging to the C. albicans cluster

and 40F belonging to the C. dubliniensis cluster. These isolates were both from oral rinse

samples obtained on the 22"d of November and the 13th of December 1995, respectively.

The predominant species in this patient's oral cavity changed from C. albicans to C.

dubliniensis within three weeks. Isolates 40C and E were mixed or heterozygous isolates.

They were obtained from oral rinses at different times to all other isolates. They may have

included both C. albicans and C. dubliniensis. Resolution of this requires reanalysis of the

individual colonies from each of these isolates.

Isolates 7lA and B, from oral rinses on the 9th and the 16th of August 1995, which were

identical in study 3 (Section 3.3.5 p., 124), now differ at the PGM enzyme locus. This could

be due to an increased resolution obtained in this analysis or the increased number of

colonies assessed in this analysis compared to the previous one where one of the additional

colonies was a different strain. This observation suggests that within one week the patient

was colonizedby two closely related but distinct strains of C. albicans.

Seven of eight isolates obtained from patient 88 and analysed herein were mixed or

heterozygous. Some of them were obtained from oral rinses and some were from

concurrent oral swabs of obvious lesions. This patient appears to have been colonized by

multiple strains at times of both asymptomatic carriage and infection, indicating the

maintenance of a complex community of Candida strains.
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3.3.7 Study 5

3.3.7.a Results

Isolates in study 5 (Table 3.24 p., 140) differed at 14 to 18Vo of the nineteen loci assessed

(Table 3.25 p., I4I). Six distinct clusters of isolates differing at over 5OVo of loci can be

identitied (Figure 3.ll p., 142). The first cluster contains a number of clinical isolates and

the type and reference strains for C. albicans, with fixed differences occurring at 15 to

46.2Vo of loci. Isolate 72716 differed at 50.lVo of loci from this cluster, forming a unique

cluster. The third cluster contained three clinical isolates which differed at 59Vo of loci from

the first two. Fixed differences in this cluster occurred at 27 to 36.5Vo of loci. Clinical

isolate 34A. again formed a distinct cluster differing at 70.'7Vo of loci from the three

described. These clusters differed from the remaining two at 78Vo of loci. The fifth cluster

contained the C. dubliniensis type strain and three clinical isolates that differed at 14 to 507o

of loci. This cluster differed at 63Vo of loci from the C. parapsilosis type strain, which

constituted the final cluster.
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Table 3.24;Details of the nineteen reference and clinical samples analysed in study 5 using allozyme electrophoresis

lsolate Code Sex HIV status Site of lsolation Candidiasis Antifungal Resistance Patient's Therapy Other Notes
CBS 562 skin (interdigital mycosis), C. atbicanslype strain

874.1 to ô M
ATCC 90028

294.1 to 6 M
288.1 to 6 M
284.1 to 6 M

ATCC 90029

+

+
+
+

Uruguay
Tongue Swab

blood, lowa
Oral Rinse

,)

Throat Swab
blood, lowa

2

systemic
,)

,)

red throat
svstemic

none
C. albicans reference strain

red throat
C. albicans reference strain

12716 M + Oral Swab + Fluconazole, moderate 5- C. dubliniensis from a mixed infection with C. krusei;
flurocytosine Resistant to fluconazole, ltraconazole and S-flurocytosine.

218.1 ,2,4-6 F + Oral Rinse +
244.1 to 6 Swab Nilstat drops Resect¡on for Floor of Mouth scc & rnd & rt to bilateral neck.M

M
+

254.1
34A..4 M Oral Rinse

Annotation as in Tables 3.2,3.4 and3.7 (p.,70,78 and 85).

+
+
?+ Growth on agar slopes very

Reidentified as C. parapsilosls or C. tropicalis
27A.1 lo 6 M + Oral Rinse 2 ldentity confirmed as C. albicans
278.'l lo 6 M + Tongue Swab ')
CBS 7987 + oral cavity, lreland C. dubliniensis type strain
348.1 to 6 M + Oral Rinse ? Growth on agar slopes very adhesive and granular

CAS 604 case of spru C. paraps¡tos¡sVp
204.1,3-6 M + ? 2

264.1 to 6 M + Oral Rinse 2 ldentitv confirmed as C- albicans
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Table 3.25; Allelic profiles of nineteen isolates analysed in study 5 at nineteen enzyme loci

Enzyme Locus
IsolateCode ADH ALD ENOL EST FDP FUM GDH G6PD GPI HKI HK2 NDPK NP PepA PepB PGAM 6PcD PCM PK

cBS 5ó2
874.1 to 6

ATCC 90028
294.1 ¡o 6
288.1 to 6
284.l to 6

ATCC 90029
t27 16 d d b d b d b b ad

2t8.1,2,4-6
24A.1 to 6
254.1 to 6

344.-s

d
d
b
d
d
d
d

b

a

a
a

a

a

e

d

c
d
d

a
c

a

c
c

a

d
d
d
d
d
d

d

e

e

a

a

a

a

c

a

a

b
b

c
c

c
c

c
c
c

d
d

d

c
c
c
c

b
b
b
b

a

a

a

a

a

a

b

c
c

e

c
e

c
a

e

e

e

e

e

e

c

c
c

c

c

c
c

c

b

b
a

b

a

c

b

c
c

c

a

a

c

a.

c

c
b

a

a

b

b
c
b
b
b

c

d
d

b

c

d
d

a

b

b

b
b

c
d

d

c

d
d
d
e

b
b
b
a

a

d
d

c
c
c

c

c

b

a

c
d

d
a

c

c

b
b
c

c

d

c

d

e

a

b

b

d
c

b

;
d

b
b
b
b

b

b
c

c

c

i

c

c
b

;
a

c

;
b

b
b

a

d

d
a

d

e

e

c

b

a

a

d

e

d
d

d

b

d

b d f
a
a

a

a

e

b

b

b

a

d
d

e

e

d

a

a
b

b

27 A.l .o 6
2'18.1 to 6
cBS 7987
348.1 to 6
CBS 604

20A.t,3-6
264.1 ¡o 6

d

bab

c
c

c

c
a

ab a

c
c

b

a

b

f ac
c

d d
a

e

ad b

Annotation as in Tables 3.3,3.5 and 3.8 (p.,11,79 and 86)
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C. albicans CBS 562

87A.

C. albican.s ATCC 90028

29Á^

288

284
C. albicans ATCC 90029

l2'716

2tB
24/.
251^

341^

27¡.
278

C. dubliniensis CBS 7987

348

C. parapsilosis CBS 604

0102030 40 50 60 10 80
Vo Fixed Differences

90 100

Figure 3.11; Phenogram depicting the genetic relationships between
seventeen isolates of Candida used in Study 5, as determined from an
allozyme electrophoresis analysis using nineteen loci.
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Table 3.26; Matrix of the percentages of fixed genetic difference occurred

between isolates from 3 individual patients in study 5

Isolate 27¡^ 278 281. 288 34¡.
278 14
28A 80 75
288 85 83 29
341^ 93 92 67 67
348 47 50 86 92 79

Annotation as in Table 3.20 (p., 128).
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3.3.7.b Interpretation

Of the twelve clinical isolates assessed, four belonged to the C. albicans cluster. Isolate

12716, which had previously been contained within this cluster, is now external to it. This

result suggests that it may have become contaminated during reculturing between

electrophoretic runs or that the resolution in this study had increased providing more

ensymes for analysis. Three isolates were within the C. dubliniensis cluster and five isolates

belonged to three undeterrnined Candida species, two in unique clusters and three forming a

cluster of isolates. The latter cluster contained isolates all taken from patients that had oral

candidiasis at the time the sample was obtained, perhaps constituting a species of Candida

or a C. albicans subpopulation with increased pathogenicity.

An excerpt of the matrix of pairwise comparisons containing multiple isolates from the

same patient is contained within Table 3.26 (p., 143). Isolates 2l A and B differed at l4%o of

loci suggesting that they are distinct strains. They were from an oral rinse and tongue swab,

respectively; both belonging to the cluster containing C. dubliniensis. Isolate 21A was

collected on the 2l'r and, B on the 24rh of April 1995. This patient was probably colonized

by both C. dubliniensis strains during infection, with the 278 strain causing their lesion and

27 Abeing the most predominant in their oral cavity.

Isolates 284 and B differed at 29Vo of loci, suggesting that they constitute different C.

albicans strains. Isolate 284 was taken from a throat swab but the clinical origin of isolate

288 was not provided. Isolate 284 was collected on the 24'h of April 1995 but the time at

which isolate B was collected was also not provided, although it can be assumed that it was

after this date.

Isolates 344 and B differed at 79Vo of loci, the former placed within the C. albicans

cluster and the latter within the C. dubliniensis cluster. Both isolates were obtained from

oral rinse samples taken on the 5th of April and the 29th of september 1995, respectively.

This patient was colonized by two different Candida species over the course of sample

collection.
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3.3.8 Study 6

3.3.8.a Results

Nine clusters of isolates (Table 3.27 p., 146-l) that differ at more Than 50Vo of the sixteen

loci assessed (Table 3.28 p., 148-9) could be discriminated in this analysis (Figure 3.12 p.,

150). Cluster I contained the majority of isolates, including the C. albicans type strain, with

fixed differences between isolates in this cluster ranging from 13 to 4l.9Vo of loci. This

cluster probably constitutes the C. albicans species. The genetic relationships between

isolates within a subcluster of cluster 1, when the isolates varied at less than 30.6Vo of the

loci, could not be accurately and reproducibly resolved in this analysis based on the

available data. As in study 4, this is due to tied fixed genetic difference values.

The second cluster differs from the first at 5O.2Vo of loci and contains four clinical

isolates with fixed differences ranging from 31 to 44.5Vo of loci. The third cluster differs

from the first two at 54.6Vo of loci. It contains the two C. albicans reference strains, which

differ from each other at 337o ofloci.

These clusters differ from clinical isolate 344, forming cluster 4, at 5J.4Vo of loci.

Clinical isolates 204 and 45D differ at 45Vo of loci and constitute cluster 5. They differ

from the other four clusters described at 59.6Vo of loci. Clinical isolate 224 forms cluster 6,

which differs from the other clusters at 6I.6Vo of loci.

Clusters 7 and 8 differ from clusters 1 to 6 at74.3%o of loci and cluster 9 differs atSIVo

of loci. Cluster 7 contains six clinical isolates with fixed differences between them at 14 to

42.9Vo of loci. Cluster 8 differs from cluster 7 at 54.37o of loci and contains a single isolate,

the C. dubliniensis type strain CBS 7987. Cluster 9 contains only the C. parapsilosis type

strain CBS 604.

The genetic identities of multiple isolates from several patients are discussed below on

the basis of the number of fixed differences between them, extracted from the matrix

(Appendix 3, Table 10).
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Table 3.27a; Details of the forty-six reference and clinical samples analysed in study 6 using allozyme electrophoresis

lsolate Code Sex HIV stetus
cBS 562

884.2-4, 6
88C.2

Site of lsolation
skin (interdigital mycosis),

Uruguay
Oral Rinse
Oral Swab

Oral Rinse
Palate Swab

Tongue Swab
Oral Swab

M
M

+
+

+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Candidiasis Antifunqal Resistance Patient's Therapy

Fluconazole, moderate 5-
flurocytosine

none

Nilstat Oral Drops

Other Notes
C. albicanstype strain

Oral pseudomembranous candidiasis, sensitivity to amphotericin B
requested

Previous cultures taken - A Candida strain resistant to fluconazole

Mixed infection wilh C. krusei - resistant to fluconazole,
Itraconazole and SJlurocytosine. Reidentified as C. dubliniensis

candidiasis, oral hairy leukoplakia

Grovvth on agar slopes very adhesive and granular

Resection for Floor of Mouth scc & rnd & rt to bilateral neck-

red throat

?
+

+
+

OHL
+

?
?
,)

?

?
OHL

+
+
?
?
?
?

OHL
?
?
?
?
+
2

17G.1, 3, 4, 6 M
17H.1 , 2,5 M
31C.1,4,5 M

12716 M

17C.2
17D.3

17C.3,4
17D.5, 6

194.3
318.'l to 6

17F.2-4
88D.2

198.1-4, 6
19C.1 to 5

184.1
314.2
324.4
348.1

874.1, 4-6
288.1 to 5

328.5
244.1

23C.'t,4,5
284.2

218.1.2. 5

Oral Rinse
Palate Swab
Oral Rinse

Palate Swab
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse

Buccal Mucosal Swab
Oral Rinse

Mouth Swab
Oral Rinse

OHL Tongue Swab
Oral Rinse

ïongue Swab
,)

Oral Rinse
Swab Floor of Mouth

Oral Rinse
Throat Swab
Oral Rinse

red throat
+

Annotation as in Tables 3.2 and 3.4 (p.,70 and 78)
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Table 3.27b; Details of the forty-six reference and clinical samples analysed in study 6 using allozyme electrophoresis

lsolate Code Sex HIV status
238.1 to 5

31E.1,3,5,6
254.2 to 6
338.2 6

ATCC 90028

224.2,3.5,6 M

Site of lsolatio
OHL Tongue Swab

Oral Rinse
Oral Swab
Oral Rinse
Blood, lowa

Oral Rinse

Gandidiasis Antifunqal Resistance Pat¡ent's Therapv Other Notes

strain

C. dubliniensis tvoe strain
C. parapsilosis type strain

M
M
M

M

+
+
+
+

OHL
,)

+
2

systemic

Fungilin

ATCC 90029 blood, lowa C. albicans reference strain
344.1, 3-6 M + Oral Rinse 2

19D.1 M + Oral Rinse 2

204.5Ml- 2')

+
?
+
?
?
?

+
+
+
+
+
+
+
+

?

214.1 , 2, 4-6 M
23D.2,3,5 M
234.1,5 M

27A..1 ,2,5,6 M
278j to 5 M
27c.2to 6 M

Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse

Tongue Swab
Oral Rinse

cBS 7987 oral cavitv, lreland
cBS 604 case of sprue, Puerto Rico

Annotation as in Tables 3.2 and3.4 (p.,70 and 78)
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Table 3.28a; Allelic profiles of forty-six isolates analysed in study 6 at sixteen enzyme loci

Enzyme Locus
Isolate Code ALD ENOL EST FDP FUM G6PD GPI HKI HK2 NDPK NP PepA PepB PGAM 6PGD PK

cBS 562
88A.2-4,6

88C.2
17G.1, 3, 4, 6
t'7H.1,2,5
3lc.l,4,5

r27 16

17c.2
17D.3

r7c.3,4
17D.5,6

194.3
3lB.l to 6

t7F.2-4
88D.2

tgB.t-4,6
l9C.l 1o 5

l8A.l
3l4..2
32Á..4
348.1

87 A.1,4-6
288.1 to 5

328.5
24ê..1

23C.1,4,5
28¡..2

2t8.t,2,5

b
c
c
b

b

b

b
b
b
b

b

d

b

c
c

c
c
b
b
b
b
b
b

d
d
d
d
d

d

d
d
d
d
d
d
d
d

d
d
d
d
d
d

d
d
d
d
d
d
d
d

c

c

c

b

c
c

c

c

c
c
c
c

?

a

a

d

;

c
c
c

c
c
c

b

c
c

c
c
c
c
c
c
c
c
c
c

c

c
c

d
c
c
c
c

c
d
c

c

c
d
e

c
c
d
d
d
e

d
e

b
b
b
b
b
b
b
b
b
b
b

b
b

b

b
b
b
b
b
b
b
b
b
b
b
b

b
b

b

b

b
b

b
b
b

b

b
b

b

b
b
b

b
b

b
b
a

b
b
b
b
b
b

c
c
c
d
c

c

d

c

c

c
c
c

e

c

e

c

c
d
c
d
d
e

b
b
b
c
c
b
b
d

d
c

;
b
b
b
c

b

b
b
c
b
b
c
b
b

b

e

e

c
e

e

f
f
f
f
a

b
c

c
c
h
h
h

f
c
h

e

e

b
b

b

d
d

d

d

d
d

d
d

d
d

e

d
d

d
d
d

d
d
d
d
d
e

d
d
d
d

d

d
d

d
d
d
d
d

d
d
d
d

d
d
d
d
d

d
d

d
d

d
d
d
d
e

d
f

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

b
b

a

b

b

b

;

b

b
b

;
b
b

b

b

b
b
a

b
b
b

e

e

e

e

e
j
b
c
e

c
j
c
c
c

c
c
f
f
f
f
f
f
f
h

g

c

c
c
c
b

d
f
d
f
f
f
f
f
f
e

e

f
e

e

e

e

e

e

c
f
c

Annotation as in Tables 3.3 and 3.5 (p., 71 and79)
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Table 3.28b; Allelic profiles of forty-six isolates analysed in study 6 at sixteen enzyme loci

Enzvme Locus
IsolateCode ALD ENOL EST FDP FUM C6PD GPI HKI HK2 NDPK NP PepA PepB PGAM 6PGD PK

238.1 to 5
3lE.l,3,5,6

25A.2to 6
338.2.4.6

Arcc 90028
Arcc 90029
34A.t.3-6

19D.1
20r'..5

214,.1, 2, 4-6
23D.2,3,5
234.1,5

27 4..1,2, 5, 6
27C.2to 6
278.1 ¡o 5

d
d
d

b

b
b
b

b

d
d

c

d

d
d
e

d
d

a

b
b

c
c

c

c

b
d
d
c
c
c

a

a

a

a

a

a

c

d
c

c

c

c

b

b

b

;
b

c
h
c
c

d

c

a

f
f
a

i
h
e

k
k
k

b
f
c

f

c
c
c
c
c

b
b
b
b
b
c

c

a
a

b
b
b
b
b
b

f
f

s

b

b

e

e

d
d
d
d

e

d
b

d
d

b

a.

a

a

b

b

e

e

e

e

e

b
e

e

e

a

a.

a

a

d
a

a

c

b
b
b

i

e

h

f
d
g

d
e

a

d

e

e

e

e

e

d
f

c
d
b
d

b

d
d
d
d
d

o

c

h

b

b
b
b

b
b

d
d

c
b

b d c d

b

b

b

b

d

b

d b
d

a

a

ã

c

c

b
b
b

a

b

b
b
b
b
b
b

a

224.2.3. s. 6 b d b b f
a
a

c a a c c a a c e c e b e e a

Annotation as in Tables 3.3 and 3.5 (p., 71 and79).
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C. albicon.s CBS 562
884
88C
't'7G

t7H
3lc

tz'tt6

t7c.?
't7D.3

r7c.3,4
17D.5, 6

l9A
3lB
l7F

88D
l98
l9c
184

3lA
32A
348
87A
288
328

24A.

23C

28r'.

2lB

238

3lE

254

338

C. albicans NICC90[.28

C. albicans NICC 9OO29

34¡.

l9D

20r'.

224

21A
23D

23¡.

C. du bliniens i s CBS 7987

C. parapsilosis CBS 604

274
278
27C

0102030 40 50 60 70
Vo Fixed Differences

80 90 100

Figure 3.12; Phenogram depicting the genetic relationships between
forty-six Candida isolates used in Study 6, as determined from an
allozyme electrophoresis analysis using sixteen loci.
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Table 3.29; Matrices of the percentages of fixed genetic difference occurred

between isolates from individual patients in study 6

Isolate 27A 278
278 14

27C 25 21

Isolate 28r'.
288 38

Isolate 194 198 l9c
l9B 3l
l9c 33 13

19D 45 62 62

Isolate 2tA
2tB 71

Annotation as in Table 3.2O (p.,128).

Isolate 3lA 318 31C
318 21

31C 27 21

318 38 3l 38

Isolate 32A
l2B 20

Isolate 34¡.
t4B 60

Isolate 884 88C
88C 0

88D 23 21

Isolate 1'7C.2 17c.3,4 17D 17D.3 17F l'7

G

1'7C.3.4 l9
l7D 27 '7

17D.3 27 20 20
17F 27 13 20 2'7

1'7G 40 20 20 20 2'7

17H 3l 25 27 2'7 33 13

Isolate 23Á' 238 23C
23B 62
23C 54 40
23D 38 79 73
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3.3.8.b Interpretation

There were no mixed or heterozygous clinical isolates eliminated from this analysis but it

was noted that the C. parapsilosis type strain CBS604 is heterozygous at the fumarase

locus, exhibiting three distinct bands of enzyme activity. Heterozygosity at this locus was

also noted in study 4 (Section 3.3.6 p., 130).

Table 3.29 (p., 151) contains a number of excerpts from the matrix of pairwise

comparisons for this study for individual patients (Appendix 3 Table 11). Isolates from

patient 17 differed at J to 4OVo of loci, representing different C. albicans strains. Samples

C.2 and C.3,4 are different strains from the same oral rinse sample, isolates D.3 and D.5, 6

are different strains from the same palate swab. Individual colonies of each of these isolates

were run separately. Both of them were mixed with the two sets of colonies differing at 19

and 20Vo of the loci, respectively. Isolates F and G are from oral rinse samples and H is

from a palate swab of a lesion. The patient had obvious clinical candidiasis when all

samples were taken. Isolates C and D were obtained on the 29rh of August, F on the 14th of

September and G and H on the 10th of November 1995. Each isolate was genetically

distinct. The Candid¿ cultures taken were noted as clinically resistant to fluconazole. The

first infection was caused by at least four different C. albicøns strains, with two evident in

the lesion and two different strains in the oral rinse sample. The isolates from the patient's

palatal lesion also differed from that obtained in the concurrent oral rinse.

The multiple isolates from patient 19 differed at 13 to 62Vo of loci, isolates A, B and C

representing different strains within the C. albicans cluster and D from an unidentified

Candida species. Isolates A, C and D were from oral rinse samples and B was a buccal

mucosal swab of an obvious lesion. Isolate A was obtained on the 5th of April, B on the 10th

of June, C on the 15th of November 1995 and D on the 24Th of January 1996. Isolate D

yielded a single colony. Patient 19 took part in an amphotericin B lozenge trial during the

time isolates B to D were collected. This treatment resulted in the low level colonization of

this patient with a Candida species other than C. albicans that was clinically resistant to

amphotericin B, perhaps C. lusitaniae.

Isolates A and B from patient 21 differed atTlVo of loci. They were both from oral rinse

samples taken when the patient had obvious candidiasis infection, on the l2Th of April and
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the l't of December 1995. The first was placed with the C. dubtiniensis cluster, the second

with the C. albicans cluster.

The multiple isolates from patient 23 differed at 40 to l9%o of loci, representing distinct

strains belonging to two distinct species, A and D from C. albicans and B and C from C.

dubliniensis. Isolate A was from an oral rinse sample when the patient had candidiasis on

the 1lth of April lgg5, B a tongue swab in the presence of oral hairy leukoplakia on the 19th

of May 1995 and C and D oral rinse samples on the 22"d of May and the 9'h of July 1995,

respectively. This patient was infected and asymptomatically colonized by both C. albicans

and C. dublùtiensis strains, which were all genetically distinct. A C. albicarzs strain caused

candidiasis, whilst a C. dubliniensis strain caused oral hairy leukoplakia. The C.

dubliniensis species persisted after the oral hairy leukoplakia infection, although it was a

different strain, but was eventually replaced by a second C. albicans strain.

Isolates from patient 27 differed at 14 to 25Vo of loci, representing different C.

dubliniensis strains. Isolates A and C were oral rinse samples, B was a tongue swab of oral

hairy leukoplakia. They were taken on the 21't and the 24¡h of Aplil and the 17th of October

1995, respectively. The C. dubliniensis species persisted in this patient in the absence of a

C. albicans strain, however a different C. dubliniensis strain caused the oral hairy

leukoplakia lesion than was isolated in the oral rinse sample.

Isolates 28A and B differed at 38Vo of loci, being different strains of C. albicans. Isolate

284 was from a throat swab when the patient had an inflamed throat and the origin of

sample B is unknown other than it being isolated from the oral cavity. These isolates were

also analysed in study 5 (Section 3.3.7 p.,139) where they differed at29Vo of loci, however,

the enzyme loci ADH, GDH and PGM were not used in this analysis. The two isolates were

identical at the ADH locus but could not be compared due to insufficient staining intensity

or resolution at the other two loci. As a consequence, these two isolates appear more

closely related in the latter study. This patient's inflamed throat was caused by a different

C. albicans strain than was obtained by oral rinse at a later date.

The isolates from patient 31 differed at 21 to 38Vo of loci, constituting distinct C.

albicans strains. Isolate A was from an oral rinse sample on the 5th of March 1995, B from

oral rinse in the presence of oral hairy leukoplakia, C a tongue swab of the oral hairy

leukoplakia lesion, both taken on the 29th of June 1995 and E from an oral rinse sample on
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the 29rh of November L995. The patient's oral hairy leukoplakia infection was caused by a

strain other than that obtained from an oral rinse at the same time. Four different C.

albicans strains were identified in this patient, with the strain isolated from the oral hairy

leukoplakia lesion differing from the oral rinse samples, including sample B taken on the

same day. This result indicates patient 31 had a mixed infection.

Isolates A and B from patient 32 differed at207o of loci, representing different strains of

C. albicans. Isolate A was from a tongue swab when the patient had oral hairy leukoplakia

on the 4th of May 1995 and isolate B was an oral rinse sample taken on the 29'h of

September 1995. The colonies were adhesive and granular, but this morphological

characteristic, again, does not appear to be restricted to a genetic subset of strains.

Isolates 344 and B differed at 6O7o of loci, isolate B being identified as a C. albicans

strain and A from an undetermined species of Candida. Both samples were from oral rinses

and, in each, the colonies were noted as adhesive to agff and granular. This result implies

that this characteristic is not genetically restricted to a subset of strains or a single species.

They were obtained on the 4th of May and the 29th of Septemb er 1995, respectively. During

this time, patient 34 was colonized by two different species.

The multiple isolates from patient 88 had fixed genetic differences at 0 (A and C) to 23Eo

of loci. All isolates formed a cluster with C. albicans. Isolates A and D were from oral

rinse samples and C was from a lesion swab. Isolate A was taken when the patient had

candidiasis on the 30th of November Igg5, C on the 4th of March and D on the 4th of October

1996. The patient had clinical candidiasis infection when isolates C and D were taken and

the patient also had oral hairy leukoplakia when sample D was obtained. This patient was

reinfected by the same C. albicans strain within 372 months and a second strain caused a

candidiasis and oral hairy leukoplakia infection later. Patient 88 participated in an

amphotericin B lozenge trial during the time that isolates A to L were collected. Isolates E

to I were assessed in study 4 and J to L were analysed in study 10. Isolates 88E to I were

mixed/heterozygous and isolates J to L were different C. albicans strains. The persistence

of one of the strains of C. albicans dwing this time suggests that it may have a decreased

susceptibility to amphotericin B.

Overall, twenty-seven of the forty-one clinical or asymptomatic carrier isolates were

within the C. albicans cluster. Eleven of them were contained within the subcluster A
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population with unresolvable genetic relationships within it. Four clinical isolates clustered

in an undetermined Candida species cluster.

The C. albicans reference strains clustered outside of these two clusters of isolates.

These isolates may represent the extent of genetic variation that exists within the C. albicans

species or the reference strains may have become contaminated again (as in Section 3.1.4 p.,

89), although all of them continued to exhibit single bands on the electrophoretic gels.

These reference isolates were recultured from their original glycerol stocks for future

analyses.

Six clinical isolates clustered, but differed from the C. dubliniensis type strain at more

than 5OVo of the loci assessed. These isolates may still belong to the C. dubliniensis species,

representing a genetically distinct population.

Three other Candida species clusters exist, two containing single isolates and one with

two isolates. Their identity was not determined in the present study.

3.3.9 Study 7

3.3.9.a Results

Isolates in study 7 (Table 3.30 p., 156-7) differed at 0 to 74.8Vo of the sixteen loci

assessed (Table 3.3I p., 158-9). The isolates formed six distinct clusters with fixed

differences between them at over 50Vo of loci (Figure 3.13 p., 160). All but the first cluster

contained a single isolate. The first cluster contained the majority of clinical isolates with

the type and reference strains for C. albicans, with fixed differences ranging from 0 to

49.7Vo of the loci. Clinical isolate 154 differed from this cluster at 59.8Vo of loci. These

two clusters differed from the four others atl4.8Vo of loci. The C. dubliniensis type strain

differed from the C. parapsilosls type strain at 55Vo of loci and from clinical isolates 42C

and 42E at 65Vo of loci. The latter two clinical isolates differed from each other at 62Vo of

loci.
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Table 3.30a; Details of the fifty-seven reference and clinical samples analysed in study 7 using allozyme electrophoresis

lsolate Code Sex HIV status Site of lsolation
384.1 M ? Oral Rinse ?

42D.1,4 M + Oral Rinse ?

ATCC 90028 Blood, lowa systemic
41A.2to6 M + Oral Rinse ?

CBS 562 skin (interd¡g¡tal mycosis),
Uruguay

164.1 to6 M + ? ?
228.1 lo 6 M + Oral Rinse +

Candidiasis Antifungal Resistance Pat¡ent's Therapy

Fluconazole 100m9/day
Fluconazole trial

Notes

C. albicans reference strain

C. albicanslype stra¡n

Fluconazole resistant candidiasis, Germ tube pos¡tive, FCZ
res¡stance required

Fluconazole resistant candidiasis, Germ tube positive, FCZ
resistance required

Low CD4+ count
sensitivity to f luconazole requested
sensitivity to fluconazole requested
sensitivity to fluconazole requested

C. albicans reference strain

Mixed infection wilh C. krusei; resistant to fluconazole, ltraconazole
and S{lurocytosine. Reidentified as C. dubliniensis

224.1,4
22D.1

424.1 to 6

428.1 to 6

M
M

M

M

?
+

?

?

,)

?
+

?
2

2

?

+
+

+

+

+
+
+
+
+
+
+
+
+
+

+
+

+
+

Oral Rinse
Oral Swab Floor of Mouth

Oral Binse

Tongue Swab

9C.1 to 6 M
9E.1 to 6 M
gF.'l to 6 M
9G.1 to 6 M
114.1 to 6 M
9D.1 to 6 M
91.1 to 6 M

124.1 to 6 M
294.5 M

298.1,2 M
ATCC 90029
184.1,3-6 M

12716 M

Swab Palate/Throat
Pharynx Swab

Oral Rinse
Oral Swab
Oral Rinse
Oral Rinse

,)

Mouth Swab
Oral Rinse
Oral Rinse
blood, lowa
Mouth Swab
Oral Swab

Oesophageal?
Oesophageal?

,)

+
,)

2
,)

,)

system¡c

Fluconazole

Fluconazole, moderate 5-
flurocytosine

not prev¡ously
treated

not previously
treated

Fluconazole
Fluconazole
Fluconazole

39C.2 to 6 M
42D.2.3.5.6 M

154.1 to 6 M
42C.1 lo 6 M

Oral Rinse
Oral Rinse

+
+

2

Oral Rinse
42E-.1 lo 6 M + Oral Rinse ?

7987 oral lreland
case of Puerto Rico

Annotation as in Tables 3.2 and 3.4 (p.,70 and 78).

C. dubliniensis strain
strain
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Table 3.30b; Details of the fifty-seven reference and clinical samples analysed in study 7 using allozyme electrophoresis

lsolate Code Sex HIV status Site of lsolation

Oral Rinse

Retromolar swab

Hard Palate Swab

Oral Rinse

Oral Rinse

Buccal Mucosal Swab
Oral Swab
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse

Candidiasis Fesistance Patient's Other Notes

sensitivity to fluconazole requested

Fluconazole resistant candidiasis, Germ tube positive, FCZ
resistance required

Resistance to fluconazole, ketoconazole and amphotericin B
requested

Resistance to amphotericin B requested

Resistance to amphotericin B requested

Resistance to amphotericin B requested

Chemotherapy for lymphoma, fluconazole and miconazole
sensitivities requested

Chemotherapy for lymphoma, fluconazole and miconazole
sensitivities requested

44.1 to 6
84.1 to 6
88.1, 4-6
8C.1 to 6
94.1 to 6
98.2 to 6
9H.1 to 6
9J.1, 3-6

104.1 to 6
134.1 to 6
144.1 to 6
22C.1 to 6

M
M
M
M
M
M
M
M
M
M
M

M

M

M

M

?

+
+
?
+
?
?
?

+
?
+
+

+

+
+
+
+
+
+
+
+
+
+
+

+

+

+

+

+
+
+
+
+
+
+
+
+

+

Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse

,)

Oral Rinse
Oral Rinse

2
,)

Mouth Swab
Oral Swab

Oral Swab Hard Palate

228.1 lo 6

22F.1 to 6

22G.1 to 6

22H.1 lo 6

Psedomembranous
candidiasis

Pseudomembranous
candidiasis on hard

palate
Pseudomembranous
candidiasis on hard

palate
2

2
?
2
2
,)

2
2

+

+

221.1 lo 6
22J.1-4,6
354.1 to 6
358.1 to 6
35C.1 to 6
364.1 to 6
394.'l to 6
398.1-4,6
39D.1 to 6 Fluconazole

Fluconazole39E.1 to 6 M Oral Swab

Annotation as in Tables 3.2,3.4 and 3.7 (p., 70, 78 and 85)
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Table 3.31a; Allelic profiles for fifty-seven isolates of Candida analysed in study 7 as

determined from an allozyme electrophoresis analysis using sixteen loci

Enzyme Locus
Isolate Code ALD ENOL EST FUM GDH G6PD GPI HKI HK2 NDPK NP PeoA PenB PCAM PGM PK

384.1
42D.1,4

ATCC 90028
41A.2 ¡o 6
cBS 562
16A.l to 6
228.1 to6
22A.1,4

22D.1
42A.1 ¡o 6
428.1 ¡o 6
9C.1 to 6
98.1 to 6
9F.l to 6
9C. 1to6

1 lA.l to 6
9D.l to 6
9l.l to ó
l2{.l ¡o 6

29A.5
298.t,2

ATCC 90029
l8A.r,3-6

l2'716
39C.21o 6

42D.2.3. 5. 6

c

c

c
c
c

c
c
c
c
c

c
c
c
c
b
b

c
b
d

d
e

e

d
e

e

e

e

e

c

c

c

c

c
c
e

e

e

e

e

d
d
d
d

d

d
d
d
d
d
d
d
d
d
d
d
b

d
d
d

d
d

d

d
d

c
c
b
a

a

c

c
c
c
c
c
c

c
c

c
c

c

c
c

c
c

c
c
d
c
c

a

a

a

b
a.

a

a

a
a

b

d

d
d

d
d
d
d
d
a

a

a

a

a

b
d

a

b

b

c
c

c

c
c
b

c

c
c

c
c
b
b
c

d
c
c
c

c

c

b
a

a

a

a

b
b
b
b
b

a
a
a

a

a

a

d
c
b
a

a

a

b
c
c

a

c

c

c

c

bc
c
c

c

c
c
c

c

c

c
c
c

c
c
b
c
b

b
b
b

b

b

:

b

b

b

b
b

b

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

d
f
e

d

d
d

d
d
d

e

e

d

:
e

e

b

e

d
d

d
d
d

c

c
c

c
c

c
c

c

c
c

b

c

e

bc
c

f
f
i

i
k
j
k
fk
i
i

i

d

i

k
c
c
f
f
f

k

b
b
b
b
a

b

b
b
b
b
d
b

b

b

b
b

b

b

c
a

b

b

b

d
d
d
d
d

d

d
d
d
d
d
d
d
d

d
d
d
d
d
d
e

d
e

d
d

b
a

b

:

b

b

a

a

b

b

b

154.1 to 6

42C.1 to 6
428.1 Ío 6
CBS 7987
cBs 604

c

d
e

e

c

a

b

a
b

b

ã

b

b

e

b

b

b

b

b

b

be b

bb

à

c

c

a

a

b

b

d

d

d

c

ab

b

c

a

d

a

d

a

a

a

b

b

d

ab b h c

Annotation as in Tables 3.3 and 3.5 (p.,71and79).
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Table 3.31b; Allelic profiles for fÏfty-seven isolates of Candida analysed in study 7 as

determined froman allozyme electrophoresis analysis using sixteen loci

Isolate Code ALD ENOL EST FUM GDH G6PD GPI HKI HK2 NDPK NP PeoA PeoB PGAM PcM PK
4A.l to 6
8A.l to 6
88.1,4-6
8C.l to 6
9A.l to 6
9B.2to 6
9H.l to 6
9J.1,3-6

104.1 to 6
134.1 to 6
l4A.l to 6
22C.1 to 6
22E.1 ¡o 6
22F.1 to 6
22G.1 ro 6
22H.1 ao 6
221.1 .o 6
22Lt-4,6
354.I to 6
358.1 to 6
35C.1 to ó
364.1 to 6
394.1 to 6
398.1-4,6
39D. I to 6
39E.1 to 6

c
f
c
f
d

d

d

d
ac
b

e

"_t

e

e

d

d

d
d
d
d
d
d
d

c

c

;
ç
c

b
b

c

c
c

d
d
d

c
c
c
c
c

c
c

c

I

k
k
k
c

;

k
cf
fk
fk
fl
fi
h

h

c
a

a

f
e

h

e

e

e

a
a

a

a

b
b
b
c
b
b
b
b

b

b

e

e

e

c
e

e

e

e

e
o

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

b
b
b
c
c

:
c
c
d

c

c

c
c

c
c

c
c
c

e

b
e

a

e

ce
c
e

e

c
ce
e

ce
e

e

e

e

c
e

e

e

e

e

e

e

e

d
d
a

ad
d

d
d
d
d
a
d
d
d
d
d
d
d

d
d
d
d
d
d
d
d
d

b
be
be

be
b
b

be

b
b

b

b
b

b

b
b

b
b

b
b
b

b

b

b
b
b

b

cd
bc
bc
bc
c
c

bc
bc
b
b
bc
c
c

c
bc
bc
bc
ab

ab
ab
ab
bc
bc
bc
bc

b
b

b
b
bc
b

b
b

d
c

d
d
d
d
d

f
d
d
d
d

d
d
d

d
d
d

d

d
d

d

d

d

b
f

;
b

d
b

b

b
b

b
b
b

b
b

b
b

b

b
b
b

c
c
ac
ac
ac

c

c
c

c

c
c
c
c
c
c
c

c
c
c

c
c

c
a

a

a
a

d
a

a

a

d
a

a

a

a

a

a

a

a

a

d
a

b
b

b

b

d

c
c

c
c

c
c
c
c
a

c
c
c
c

b
b

b
b
b
c
c
c

c

a

a

a

a

a

a

a

c

d
e

b

c
c

b
b
b
a

a

a

a

a

a

a

a

Annotation as in Tables 3.3,3.5 and 3.8 (p.,71,79 and 86)
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384
42D.t,4

C. albicans ATCC 90028

4lA
C. albicans CBS 562

16A

228
224
22D

42A^

428
9C

9E

9F

9G

114
9D

9I
t2A
29¡^
298

C. albicans ATCC 90029

184
r2716

39C

42D.2,3, s,6

154

42C

428

C. dubliniensis CBS 7987

C. parapsilosis CBS 604

Figure 3.13; Phenogram depicting the genetic relationships bet\ryeen
thirty-one isolates of Candida used in Study 7, as determined from an
allozyme electrophoresis analysis using sixteen loci.
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42D

77

42D

57
8s

42C

79
69
62

42B,

75
43
31

77

421^

t9
63
50
19

85

29B

38

46
17
62
3l
92

29¡^

15

JJ

40
80
64
27

69

22D

JJ

46

3l
31

69
43
25

69

228

7

36

46
29

29
7l
54
29
15

22¡^

7

0
-1J

46
JJ

JJ

73

50
JJ

69

9I

29
29
29
43
46
36

36
79
54
43
75

9G

18

36
36
36
45
30
45

45
82

50
45
78

9F

9
8

25

25

25

42
36
42
42
75

55
42
70

9E

0
9
8

23

23

23

38

55

38

38

77
50
38

73

9D

8
I
10

L7
JJ

-t-t

JJ

42
36
42

42
75

55

42
60

9C
8
0
0
0
I

29
3l
29
36
JJ

36
36
7t
54
43
67

Isolate
9D
9E
9F
9G
9I

224
228
22D
29¡^
29B.

42¡.
428
42C
42D

42D',
428

Table 3.32;Matrix of the percentages of fixed genetic difference between isolates from 4 individual

patients in study 7

Annotation as in Table 3.20 (p.,128).
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3.3.9.b Interpretation

Twenty-seven of the fifty-three clinical isolates assessed had multiple banding patterns

indicating that they are mixed or heterozygous and were eliminated from this interpretation.

The C. parapsilosis type strain CBS604 was again heterozygous at FUM and NDPK in this

analysis.

Twenty-three of the twenty-six clinical isolates assessed were contained within the C.

albicans cluster, the remaining three isolates, I5A,42C and 428, potentially belonged to

unique Candida species. The matrix in Table 3.32 (p., 161) is an excerpt of the matrix of

pairwise comparisons for this analysis in Appendix 3 (Table l2)for several patients.

Isolates C, E and F from patient 9 were identical and differed from isolates D, G and I with

fixed genetic differences at I to lSEo of loci. All isolates represented different C. albicans

strains. Isolate C was from a palate swab; D, F and H were from oral rinse samples, E was

from a pharynx swab and G was from a swab of an oral lesion. Isolates B and C were

obtained on the 14th of September 1995, D on the 26rh of March, E and F on the l't of July,

G on the 10th of July 1996 and A and I on unknown dates. Isolates 94, B and H were

mixed/heterozygous. Isolates B (oral rinse) and C (swab) were taken during a fluconazole

resistant infection caused by mixed C. albicans isolates. Patient 9 was being treated with

fluconazole at the time isolates B, C, E and F were taken. The latter three strains are all

genetically identical, possibly indicating persistence of a fluconazole resistant strain.

Additionally, the patient participated in an amphotericin B lozenge trial during the time that

isolates E to J were collected. The same or a very closely related strain of C. albicans

persisted during this time, until eventually a mixed infection was detected. While the

patient was being treated with fluconazole, the infection was fluconazole resistant and

mixed. 'When treatment ceased, a different C. albicans strain predominated. When

fluconazole treatment was recommenced, one of the original infecting strains from the

previous fluconazole resistant infection returned. This strain not only predominated in the

oral cavity, but was also responsible for the infection, being isolated from both the oral rinse

and the lesion swab. Within ten days this strain was replaced by another C. albicans strain.

Isolates 22A and D were identical but had fixed genetic differences when compared to

isolate 228 atTVo of loci. All 3 isolates could be assigned to C. albicans. Isolates A and D

were obtained form oral rinse samples while B was obtained from a tongue swab. Isolate

22Awas taken on the l2th of April 1995, B on the 28th of May and D on the 19th of June
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1996. Isolate B was clinically resistant to fluconazole. This patient had candidiasis at the

time when isolates B and D were obtained. Isolate D was a single isolated colony and was

heterozygous. It shared alleles in common with isolate A, hence there was no fixed

differences between the two isolates. Isolates 22C, D and E were obtained on the 19th of

June 1996, C and D being obtained from lesion swabs and E from an oral rinse. Isolates F,

G and H were taken on the 3'd of July 1996; F and G from lesions, H from an oral rinse.

Isolate I was taken one week later from an oral rinse and J was taken after this time on an

unknown date. Isolates C, E, F, G, H, I and J were all mixed/heterozygous. Patient 22

participated in an amphotericin B lozenge trial during the time that isolates C to J were

collected. The amphotericin B lozenge contained a lower concentration of the antifungal

than may be taken via other methods. This may have caused the mixed/heterozygous

colonization of this patient. Since isolates A and D are indistinguishable, this implies that

the patient was recolonized with the same strain during the time these samples were

collected, the later colonization resulting in candidiasis. This observation supports the

evidence provided in Sections 3.I.2 and 3.1.3 (p., 14 and 83), that clinical C. albicans

infection is host-mediated and opportunistic rather than the result of colonization by a

pathogenic organism. Between these two colonizations, the patient was infected with a

closely related strain that was clinically resistant to fluconazole, but that strain was not

maintained.

The two isolates (A and B) from patient 29 had fixed genetic differences aL l5%o of loci.

The allelic profiles of these isolates suggeseted that they represent different strains of C.

albicans. These isolates were both obtained from oral rinse samples collected on the 26rh of

April and the 28th of July 1995, respectively, during which time the patient appeared to be

recolonised by a distinct, but closely related C. albicans strain.

Isolates from patient 42 differed at 19 to 85Vo of loci with isolates A, B and D belonging

to the C. albicans cluster whereas isolates C and E belonged to separate but as yet

undetermined species of Candida. Isolates 42D.1, 4 and 42D.2, 3, 5, 6 were obtained from

a single oral rinse sample with each group of single colonies comprising a distinct subset of

strains which differed at 57Vo of loci. This sample represents a mixed colonization in this

patient. Isolates A, C, D and E were oral rinse samples from this patient and B was from a

tongue swab. Isolates A and B were taken on the I2th of May 1995 prior to any antifungal

treatment, C on the 9th of August and D and E on the 14th of November 1995. The patient's

original lesion was caused by a different strain than was obtained by oral rinse. After
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antifungal treatment, these strains were replaced with another Candida species. The later

oral rinses (D and E taken on the 14th of November 1995) indicated that the patient was

colonized by a number of different strains from both C. albicans and another Candida

species.

3.3.10Study I

3.3.10.a Results

Isolates within study 8 (Table 3.33p., 165-6) differed at0to 75Vo of the seventeenloci

scored (Table 3.34 p.,167-8). The isolates formed six distinct clusters having fixed genetic

differences at over 50Vo of loci (Figure 3.I4 p., 169). The first cluster contains the majority

of isolates, including the C. albicans type and reference strains and the C. dubliniensis type

strain. Variation within this cluster ranged from 0 to 45.4Vo of loci. The presence of the C.

dubliniensis type strain in this cluster for the first time in this thesis suggests its possible

contamination with a C. albicans isolate. For this reason, this and the other reference strains

were recultured from the original glycerol stocks for the ensuing allozyme electrophoresis

analyses. The presence of numerous C. albicans reference isolates in this cluster continues

to suggest that the first cluster represents the C. albicans species. Isolates within the second

cluster differed from the first cluster at 52.4Vo of loci and these two clusters differed from

the third and fourth at7l.4Vo of loci. These latter two clusters differed from each other at

56.57o of loci. The fifth and sixth cluster differed from each other at 59.8Vo of loci and from

the other clusters atl5Vo of loci.
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Table 3.33a; Details of the forty-nine reference and clinical samples analysed in study 8 using allozyme electrophoresis

lsolate Code Sex HIV status
ATCC 90028
ATCC 90029

12716 M

17130 F
cBS s62

cBS 7987
504.1 to 6 M

508.1-3,5,6 M
50C.1 to 6 M
524.1 to 6 M

Site of lsolation
Blood, lowa
blood, lowa
Oral Swab

Oesophageal Biopsy
skin (interdigital mycosis), Uruguay

oral cavity, lreland
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse

+

?
?
?
?

?

+

?
2

+

+

+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+

Candidiasis Ant¡funqal Res¡stance Pat¡ent's Therapy
systemic
systemic

+ Fluconazole, moderate 5-
flurocytosine

Fluconazole, ltraconazole

Other Notes
C. albicans reference strain
C. albicans reference strain

Mixed infection with C. krusel resistant to fluconazole, ltraconazole and 5-
flurocytosine. Reidentified as C. dubliniensis

C. albicanslype strain
C. dubliniensis type strain

Colony 524.6 Labelled 264.6 on McCartney, 2 colony types - one very
adhesrve

White lesions on tongue

candidiasis - dorsum of tongue.

Amp-B sensitivity requested Trial completed

Fluconazole

528.1 to 6 M
454.1 to 6 M

468.2, 3, 5, 6 M
52C.1 to 6 M
44D.1 to 6 M
46D.1 to 6 M
46F.1 to 4 M
46G.1 to 6 M
474.1 lo 6 M

Tongue Swab
Swab from OHL on Tongue

Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Oral Swab
Oral Rinse

?
OHL

?

+
?

+
?

?

?

328.5
46C.1 to 6
53C.1 to 6 M
558.1 to 6
574.1 to 6

M
M

M
M

Oral Rinse
Oral Rinse
Oral Rinse 2

Oral Rinse
Tonque ScraDe

Annotation as in Tables 3.2 and 3.4 (p.,70 and 78)
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Table 3.33b; Details of the forty-nine reference and clinical samples analysed in study I using allozyme electrophoresis

23A.1,5 M + Oral Rinse +
23D.1-3, 5, 6 M + Oral Rinse ?

44G.1 to 6 M + Oral Rinse ?

44H.1 M + Oral Rinse ?

31 D.1 to6 M
43A.1-3, 5, 6 M

Oral Rinse
Tongue Swab

2

?

?

?

?

OHL
OHL

?

?
?
?
?
?
?

?
?
?
?
?
?
2

+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Fluconazole, dosage recently
increased

434.3-6 Growth on agar slopes very adhesive and
granular

Growth on agar slopes very adhesive

OHL lateral side tongue
OHL lateral side tongue

534.1-6 growth on agar slopes very adhesive

Amphotericin B trial

438.1,6
44E.1 lo 6
44F.1 to 6
484.1 to 6
488.1 to 6
494.1 to 6
514.1 to 6
51 8.1 to 6
534.1 to 6
538.1 to 6
548.1 to 6
54C.1 to 6
54D.1 to 6
54E.2 to 6
54F.1 to 6
54G.'1 to 5
554.1 to 6
578.1 to 6
57C,1 to 6

Oral Rinse
Oral Rinse
Oral Rinse

Tongue Swab, OHL
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Oral Binse
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse

Annotation as in Tables 3.2,3.4 and3.7 (p.,70,78 and 85).
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Table 3.34a; Allelic profiles of forty-nine isolates analysed in study I at seventeen enzyme loci

Enzvme Locus

ATCC 90028
ATCC 90029

12716
t7 130

cBS 562
cBS 7987
504.1 ro 6

508.1-3,5,6
50C.1 to 6
524.1 to 6
-528.1 to 6
454.1 to 6

468.2,3,5,6
52C.1 to 6
44D.1 to 6
46D.1 to 6
46F.1 ¡o 4
46G.1 to 6
47 A.l ¡o 6

c

c
c

c
c

e

c

c

d
g

c
c
c
c
c
c

c
c
c
c
c
c

c
c

:

d
d

b

c
d
d
d
d
d
d
d
d
d
d
d
d

d
d
d
e

e

d
e

e

d
d
e

d
e

e

d

d
d
e

e

c
d
e

e

e

b

;
b
b

b
d
b
b
b
a

b

d
d
a

a

a

a

a

b

b

e

e

e

e

b
d
d
f
f
f
d
d
d
f
d
d

d
e

e

c

e

d

d
d
d
d
d
b
d
d
d
d
d
e
e

d
d
d
d
d
e

e

d

b

b

b
b
b
b

b

b
b
b

b
b
b
d
b

b
b

b
b
c

a
a

d
d
d
d
d
d
e

e

e

e

e

e

d
d

d
d

d

c
c
c

d
d
d
d

d
d

d
d
d
d
d
d
d
d
d
d

d
d
d

b

b
a
j

b
b
b

b

e

e

e

h

h

e

e

i
c

b

d
b
c
d

c

c

b

:

c
c
c
c

b
b
c

c
a

d
d

;
c

c
c
c
c

c

c

c

c

d
d

a

a

a
a

a

a

a
a

a

b
a

a

a

a

d d

d
c

d

a
c
d
d

:
e

a

e

e

b
d
f
e

d
d

c

b

a

a

c

a

a

:

c
c

c

a

c

c

b
b
b

b

b

b

b

b
b

b
b

328.5
46C.1 ¡o 6

53C.1 to 6
55B.1 to 6
57 A.l to 6

c
c

c
c

d
d

b
b

d
b

b
d

a

a

d
d

d
d

b
b

a

a c

f d b c bd b d

b

a

a

b

Annotation as in Tables 3.3 and 3.5 (p.; 7l and79)
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a

a

a

Table 3.34b; Allelic profiles of forty-nine isolates analysed in study I at seventeen enzyme loci

Enzvme Locus

d

b b

b
b

b
b

d
c
d
a

c

b
b

c
a.

a

a

234.1,5
23D.1-3.5.6

44G.1 to 6
44H.1

d

a

a

d

e

d
b

ce

b

c
d
b

b

bf
d
d
d
d

a

c
c
a

c
a

?

a

c
a

b

c
c
c
bc

a

^

b

b

h

b

e

e

e

e

f
f
f
e

e

i
e

bd
be
bf
be
be
i
c

c

b
b

b
c
b

c
c

e

f
c
c
d
c
c

c

b
b
c
a

^

a

b

c

a

c

a

d

d

a

a

b

;
b

c

a

b

;
a

d

c

b

;
a

a
a
a
b
a

a

d
b

bd
b
b
d
d
a

a

a

a

c
bd
d
d
d
d
d
c
b

b

c
c
c

b
b
d
a

a

b
c
f
c
c
c

c
b
a

a

c

ac

a

a

c

b

c
c
c

c

c
c
c
c
c

c
c
a

d

d
d
d
d
d
c

d
c

e

e

f
e

d

c
c

c

b
c

b
b

b

c
b
c

b
d
b
b
b
b
b
c
b
b
b
e

e

e

c
a
a

c
c

a

d

b
h

b
b

a

b
b
b
b
b
b
b
b
b
c
d

d
b
b

b
b

b

b

d
d
b

b

d
d
d
f
b
d
d
b
b
b
b
e

f
a

f
b
e

e

e

d
d

e

c
e

d
b

be
be
be

d
d
e

e

b
e

d
e

de
e

be
ce

a

d
a

d

ad

ad

d
d
cd
b
c

bd
d
b
d
d
d
d
d
d
d
d

a
b

ad

c
d
c
d
d
b
e

be
e

bf
b
d
d
d
d
d
bf
b
b

3lD.1 to 6
43A.t-3,5,6

438.r,6
448.1 to 6
44F.1 ¡o 6
484.1 to 6
488.1 to 6
494.1 to 6
514. I to 6
5lB.l to6
534.1 to 6
53B.1 to 6
54B.1 to 6
54C.1 to 6
54D.1 to 6
548.2 to 6
54F.1 to 6
54G.1 to 5
554.1 to 6
578.1 to 6
57C.1 to ó

;
:
c

b
b

b

d
d
d
d
d

Annotation as in Tables 3.3,3.5 and 3.8 (p.,71,79 and 86)

a

a

a

a
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C. albicans ATCC 90028

C. albicans ATCC 90029

12716

17 r30

C. albicans CBS 562

C. dubliniensls CBS 7987

50A

508

50c

524

528

4sA

468

s2c

44D

46D

46F

46G

471.

328

46C

53C

558

574

23¡^

23D

44G

44H

0102030 40 50 60 l0
Vo Fixed Differences

80 90 100

Figure 3.14; Phenogram depicting the genetic relationships bet\ryeen

twenty-eight isolates of Candida used in Study 8, as determined
from an allozyme electrophoresis analysis using seventeen loci.
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528

36

524

L3

50

50c

13

l3
42

508

46
38

25

36

s0A

33
40
40
2t
50

46G

58

36
54
54
42
44

46F

42
50
JJ

JJ

47
43
36

46D

0
36
41
36
3l
44
40
J-t

46C

25
a1

54
67
62
50
s6
60
42

468

38
36
42
50
17

JJ

31

38

23

22

44H

64
75

76

87

79
61

79
69
63

67

67

44G

40
75

80
87

93

85

1t
92
81

80
79
9l

44D

87
76
50
44
24
20
50
53

36
3l
44
40
50

23D

73

41
67
'75

93

73
7t
92
57

67

80
80
7l
9t

23A
42
67
58
67

60
'15

58
64
64
45

61

6'7

6',7

64
67

Isolate
23D
44D
44G
44H
46B.

46C
46D
46F
46c
s0A
50B
s0c
524
52B.

52C

Table 3.35; Matrix of the percentåges of fixed genetic difference between isolates from 5 individual

patients in study 8

Annotation as in Table 3.20 (p,128)
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3.3.10.b Interpretation

Twenty-one of the forty-five clinical isolates examined in this analysis were mixed or

heterozygous. This includes isolates B to G from patient 54. This patient was participating

in an amphotericin B lozenge trial when isolates D to G were collected, perhaps contributing

to the persistence of the mixed/heterozygous colonization.

Fifteen of the remaining twenty-four isolates were positioned within the C. albicans

cluster while isolates 328 and 46C of cluster 2 probably representing a subpopulation of C.

albicans or a closely related species of Candida. Nine clinical isolates were placed external

to this cluster and formed five distinct clusters. Four of these clusters contained two isolates

and the fifth contained a single isolate. The species designation of the isolates comprising

these 5 clusters could not be determined in this analysis because there were no

corresponding type or reference isolates included on the gel.

Isolates ATCC 90029 and 12116 were identical in this analysis but differed at a number

of these same loci in previous analyses. This indicates contamination of one or both of

these isolates, or a decrease in resolution of the loci in question in this analysis. Since the

lysates used herein for both isolates were prepared prior to study 7, in which they were very

different to each other, it appears that the resolution in study 8 is decreased. All but one

enzyme locus (6PGD in -study 8) was scored in both analyses. Differences in the

electrophoretic mobility of enzymes may vary due to for example, the age of the lysates, the

buffers used and/or the running conditions used on the day. The levels of genetic variation

detected between other isolates were consistent in both studies suggesting that the decrease

in polymorphism was associated only with isolates ATCC 90029 and 12716.

The interpretations below are derived from excerpts of the matrix of pairwise

comparisons for this analysis within Appendix 3 (Table 13) and relate to comparisons of

multiple samples derived from the same patients. Isolates 23A and D had fixed genetic

differences at 42Vo of loci representing different strains of a Candida species but their

species designation could not be esablished. Both isolates were collected using an oral

rinse. ThepatienthadcandidiasiswhenisolateAwascollectedonthe 1lthof April 1995.

Isolate D was collected on the 7th of September 1995. This patient showed persistence of

different strains of a species other than C. albicans during both asymptomatic carriage and

infection.
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Isolates 44D,G and H differed at 40 to 87Vo of loci, with 44Dbeing in the C. albicans

cluster and G and H belonging to a unique but as yet undetermined species of Candida. All

three isolates were from oral rinse samples. Isolate D was taken on the 14th of June, G on

the 1lth of September, and H was taken on the 9th of October 1996. Isolates E and F, from

oral rinses on the 26'h of June and the Jth of August 1996 respectively, were

mixed/heterozygous. This patient was initially colonized with C. albicans, then by a

mixed/heterozygous culture and finally by two strains from another Candida species.

Patient 44 took part in an amphotericin B lozenge trial when isolates D to H were collected.

This trial could have caused the mixed infection when isolates E and F were taken and could

have selected for the alternaÍe Candida species present when isolates G and H were

obtained.

The multiple isolates from patient 46 had fixed genetic differences at O to 54Eo of the

loci. In this analysis, isolates 46D and F were genetically identical and all of the strains

collected belonged to the cluster comprising C. albicqns. However, isolate 46C may

represent either an extremity of genetic variation within C. albicans or may constitute a

distinct species. Isolates B, C, D and F were from oral rinse samples, G was from an oral

swab. Patient 46 was candidiasis positive when isolates C and D were taken. The patient

was participating in an amphotericin B lozenge trial during the time isolates D to G were

taken. These results suggest the possible selection of isolate DÆ with amphotericin B

treatment. Isolate B was obtained on the 16th of August, C on the 22"d of November, D on

the 6th of Decemb er 1995, F on the 21't of February and G on the 27th of March 1996. The

same strain DÆ persisted after resolution of the infection and was replaced by another strain

causing the lesion isolate G was taken from. Although strain DÆ persisted, it did not cause

infection.

For patient 50, isolates A, B and C differed at 33 to 467o of loci. These isolates

represented different C. albicans strains. They were obtained from oral rinse samples taken

on the 25th of May, 29'h of August and the 21't of November 1995, respectively. The

patient's predominant colonizing strain varied between each sample collection time.

Similarly, isolates A, B and C from patient 52had fixed genetic differences at 13 to 50Vo

of loci, suggesting that they represent different C. albicans strains. Isolates A and C were

from oral rinse samples and B was a tongue swab sample. Isolates A and B were obtained

on the 25th of May and C on the 20th of November 1995. This patient's oral hairy
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leukoplakia infection was caused by a strain different from that obtained by oral rinse and

after resolution of the oral hairy leukoplakia lesion, a third strain predominated.

3.3.11Study 9

3.3.11.a Results

Isolates within study 9 (Table 3.36, p., 114-5) differed from each other at 0 to 13.l%o of

the fifteen loci analysed (Table 3.37 p.,176-7). They formed seven distinct clusters, which

differed from each other at more than 5OVo of the loci assessed (Figure 3.15 p., 178). The

first cluster contains most of the clinical isolates and the C. albicans type strain with fixed

differences within it at 0 to 45.8Vo of loci. This cluster probably represents the members of

this species. They differed from the second cluster, containing isolate 638, at 50.lvo of loci.

Four clinical isolates fall into cluster 3, which differs from clusters 1 and 2 at5L3Vo of Ioci

and has fixed differences within it at 22 to 38.5Vo of loci. Another four clinical isolates

form cluster 4, which differs at 54.27o of loci from the first three and has fixed differences

within it at ll to 4IVo of loci. Cluster 5 contains two clinical isolates, which differ at 45Vo

of loci and from the other clusters at 6I.lVo of loci. The C. parapsilosis type strain forms

cluster 6 and the C. dubliníensis type strain forms cluster 7 which differ from clusters 1 to 5

atl0.l and73.7Vo of loci, respectively.

The genetic relationships between a sub-population of isolates within cluster 1 that

differed at less than 3l.5Vo of loci were not reproducible upon repeat UPGMA analyses, as

has been observed in previous studies 4 and 6 (p., 130 and 145). Again, this is due to tied

fixed difference values.
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Table 3.36a; Details of the fifty-one reference and clinical samples analysed in study 9 using allozyme electrophoresis

lsolate Gode Sex HIV status
541

594
598

60c
59C

2A

591

59D
614
604
59H
588

1E

60D
s4H
59G
63G
1A

1C
378

Site of lsolation
Rinse

Oral Rinse
Tongue Swab

Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse

Tongue Swab
Palate Swab

Buccal mucosal swab

Oral Rinse
Oral Rinse

Tongue Swab
Mouth Swab
Oral Rinse

Tongue Swab

Palate Swab

Palate Swab
Oral Rinse
Oral Rinse
Oral Rinse

Tongue Swab OHL

Oral Rinse
Tonoue Swab

Candidiasis

t
Median Rhomboid

lesion
,)

carner
2

Oral
pseudomembranous

candidiasis
7

Erythematous
candidiasis hard

palate
+

Oropharyngeal
candidiasis

2
?

2
2

OHL

Resistance Patient's

+
+
+
+

+
+

+

M
M
M

M
M
M
M

M
M

M

58C
568
608
54J

+
+
+

Other Notes
AmpB trial

594.4 Growth on agar slopes very adhesive and granular

Post radiotherapy patient

AmpB trial

Oropharyngeal and oesophageal Candida

CD4<200, OHL tongue and coated with white plaques. 588.5-6
Growth on agar slopes very adhesive and granular

Sensitivities requested especially ketoconazole

AmpB trial

Previous microscopy +ve for fungal elements but not cultured -
recultured

M
M
M
M
M
M

M

M
M
M
M
M

M
M

+
+
+
+
+
+

+

+
+
+
+
+

+
+

?
+
?
?
?

OHL

Was on
Itraconazole trial
(placebo?),14

days
Ketoconazole, now
fungilin lozenges

nil at present

+
,)

Annotation as in Table 3.2 (p.,70)
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Table 3.36b; Details of the fifty-one reference and clinical samples analysed in study 9 using allozyme electrophoresis

28 M

status Site of lsolation
+ Oral Rinse

Gandidiasis Antifunqal
+

Therapv
Was on

Itraconazole trial
(placebo?),14

days
Ketoconazole, now

fungal lozenges

Other Notes
Oropharyngeal and oesophageal Candida

M

M
M
M
M

M

M
M
M
M
M
M
M

63r
63J
63E
63M

63N

5A
cBs 562

63R
63C
638
7A
37C
1B

27C

Oral Swab
Oral Swab
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse

swab
skin (interdigital

Uruguay
Oral Rinse
Oral Swab

Tongue Swab
Oral Rinse

Oral Swab, lateral border of
tongue

2

2
,)

Pseudomembranous
Candidiasis

pseudomembranous
candidiasis, OHL

likelihood
Angular Chelitis

,)

OHL and Candidiasis
+
2

+
2

,l

+
+
+
+

+

+
+
+
+
+
+
+

Xerostom
C. albicans type strain

and coated UE

63S
63Q
63P

M
M
M

+
?
?
2

?
+
+
+

Oral Rinse
Oral Rinse
Oral Rinse

63F
63H

cBS 604
cBS 7987

1D
3A

59E
59F

M
M

M
M
M
M

+
+

Palate Swab
Oral Rinse

¡a<o nf cnrr ra Pr rartn Flinn
2

oral cavitv, lreland

Oral Rinse
Floor of Mouth Swab

Oral Rinse
Palate Swab

Annotation as in Tables 3.2,3.4 and3.7 (p.,70,78 and 85).

?
+
?
,)

+

+
+
+
+

C. oaraosilosis tvoe strain
C. dubliniensis tvpe strain

Floor of Mouth. candidiasis
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Table 3.37a; Alle[c profïle of fifty-one isolates analysed in study 9 at fifteen enzyme loci

PGAM PKGPIIsolate Code ADH ALD ENOL EST FDP
c
c
c

c
c
c
c

c
c
c
c
c

c
c

c
c
e

c
e

c
c
c
e

d
d
c
c

ĉ
c
c
c
c
c

d
d
c
d
d
d
d
c

d
d

d
c
d
c
d
c
c
c

c
d
c
c
d
c
b
c
c
d

o

o

c
b
c
g

b

c

b
b
b
b
b
b
b
b
b

b

b
b
b

b
b
b
b
d

b
b
b

d
d
d
d
d
d
d
d
d
d
d
d
d
d
c
d
d
d
d
c
b
b
b

c
d
c

c

c
c
c

:

c
c
d
b
b
b

c
c
c
c

c
c
c
c

c
c
c
c
c
c
c

c
c
c
c

e

e

a.

a
e

e

e
e

e
b
b
e

e

e

e

e
c
e

c
e

a
d
c
b

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

:
c

b
4
a
z
a

a
a

a

c
c
c
c
c
c
c
c
c

c
c
c
b

:

;
c
c
c
c
c

e

e

e

e

e

e

e

e

c
d
e
e
e
e

b

e

e

:

b
a.

a
a

a

e

e

54r
594
598
58C
568
608
541

ó0c
s9c
2A
59I
59D
6lA
60A
59H
588
1E

60D
54H
59G
63G
IA
1C

378

cb
b

b
b

b
b
b

b
b
b
b
b

b
b
b

b
b b

Annotation as in Tables 3.3 and 3.5 (p.,71and79).

1 16



Table 3.37b; Allelic profïle of fifty-one isolates analysed in study 9 at fifteen enzyme loci

Enzvme Locus
FUM GDH G6PD GPI HKl HK2 PepA PepB PCAM PK

a a

b

b

d
c
c

c

c
c
c

c

c
c
c

c
c

c

c

c
d
d
d
d
d
d

d

d
d
b

c

c

c

d

d
d
e

c
d

b
b

:
a
b

;
d

c

c
c
e

a

a

c
d
d

e

c

:
d

s
d

f

a

:

b
b
b
b

b
b
b

b
b

a

b
d

b

b

d
d
d
d
a

e

b

b
b

b

d
d
d
d
d
d
d

d

d
d

c
d
d
d

d

c
c
c

c
c
c
b

b

b

c

c

b

c

c
c

c
b

c

b
b
b

b

c

c

a
e

d
d

d

d

b
b
b
a

e

d
a

a

a

e

e

c
b

a

a

a

a

a

a

b

b

b

;
b

b
b
b

Isolate Code ADH ALD ENOL EST FDP

^cBs 604 d b

cBS 7987 L

c

c
c
b
c

c

:
c
a

a

a
c

c

c

a

c
c

a

f

d
b

d
d

d
d
e

d

d

d
d

a

a

a.

a
a
a
a

a

?

a

a

a

a
a

a

a

562

2B
5A

63t
63J
638
63M
63N
63R
63C
63B
7A
37C
IB

2'7C

6A
63S
63Q
63P
63F
63H

CBS

e

e

e

e

d
a

b
b

b

b
b
d

a
d

d
e

c
c

c

b

a

b

c

a

a

a

e

e

c

c

ac
c
c
c

c

d
d
e

b
b
b
b

b

b
a

a

a

a

a

dcfa

a
a

ddbabacc

a

bd
bd
e

d
d
d

1D
3A
598
s9F

Annotation as in Tables 3.3,3.5 and 3.8 (p.,11,79 and 86).
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b

bd
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s4l
59A.
598
58C
568
608
54J

60c
59C
2A
59I

59D
614
604
59H
588

1E
60D
54H

59G

63G
IA
1C

378

C. albicans CBS 562
63I
631

63E
63M
63N
63R

7A
37C

63F

63H

C. parapsilosis CBS 604

C. dubliniensis CBS 7987

2B
5A

63C

63B

1B
27C

6A
63S
63Q

63P

Figure 3.15a; Phenogram depicting the genetic relationships between
forty-seven isolates of Cøndida used in Study 9, as determined from an
allozyme electrophoresis analysis using fifteen loci.
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3'78

2B
5A

541
594
s9B
s8c
568
608
541

60c
s9c

2A
59I

59D
6rA
604
59H
588

1E
60D
54H

59G

1A
lc

ffi
ffi

6A

ffi

ffi
ffitr

C albicans CBS 562

7A
37C

1B
2'7C

C. dubliniensis CBS 7987

C. parapsilosis CBS 604

0102030 40 50 60 70

VoFixed Differences
80 90 100

Figure 3.15b; Phenogram highlighting the genetic relationships between
serial isolates obtained from patient 63 assessed in Study 9, as

determined from an allozyme electrophoresis analysis using fifteen loci.
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Table 3.38; Matrices of the percentage of fixed genetic difference between isolates from individual patients in study 9

lc

18

IB

55

40

IA
60
l8
36

Isolate
1B

lc
IE

2A
t4

Isolate
28

378
50

Isolate
37C

541

l8

54H
40
20

Isolate
54r
541

.s8B

29
Isolate

58C

60c

l7

608

8

8

60A
t7
8

l8

Isolate
60B
60c
ó0D

Annotation as in Table 3.20 (p.,128).

63R

50

630

45

t7

63P

JJ

56
40

63N

56
40
22
36

63M

l3
63

30
20
30

631

l3
30
6'7

40
22

45

631

ll
22

30
67
60
40
55

ó3H

45
45

30
45

80
42
50
50

63G

55

l8
22
44
40
67

60
50
45

63F

60
45

50

44
30
63
45

40
45

638

60
36

50
l8
22

22
40
67

60

58

63C

30
50
44
55

'J
29
38

25

5'l
50
J-t

50

638
78

56
'n
38
82

-50

43

50
43

63
63

56

50

fsolate

63C
63E
63F
63G
63H
63r
63J

63M
63N
63P
630
63R
63S

59H

36

59G

3l
45

59D

27

27

20

59B

30
55

27

27

594
25

27
46
38

42

Isolate
598
59D
59G
59H
591
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3.3.11.b Interpretation

Four of the forty-eight clinical isolates assessed were mixed or heterozygous. Thiny-

eight of the remaining forty-four were within the C. albicans cluster with the other six

isolates forming two distinct clusters of four and two isolates each, potentially belonging to

other species of Candida. There were no clinical isolates that clustered with the C.

dubliniensis or C. parapsilosls type strains.

The matrices in Table 3.38 (p., 180) are excerpts from the matrix of pairwise

comparisons between isolates in this analysis contained within Appendix 3 (Table 14) and

show the percentage of fixed genetic differences between isolates from the same patient.

For example, isolates from patient 1 differed at 18 to 60Vo of loci. Isolates A, C and E were

contained within the C. albicans cluster. Isolate B may represent a genetic extremity in the

C. albicans species or another Candida species. All isolates were taken during candidiasis

infection. The date isolate A was taken was not specified but was before the 9th of June

ßg5. Isolate B was obtained on the 9th of June, C on the 9th of November 1995 and E on

the 18th of April 1996. Isolate 1A was a tongue swab, E was from a palate swab and B and

C were from oral rinse samples. Each time the patient was sampled, colonization by a

different C. qlbicans strain was evident. The original strain isolated from the oral hairy

leukoplakia infection was not the same as that isolated from the later candidiasis infection.

Isolate lD, from an oral rinse obtained between isolates C and E, was mixed/ heterozygous.

For patient 2, isolates A and B differed at l4Vo of loci and represent different C. albicans

strains based on their relative position to the Type strain. Isolate 2A was a buccal mucosal

swab and 2B was an oral rinse sample, both taken when the patient had obvious candidiasis

infection on an unknown date. Prior to sample collection, this patient had undergone a

highly varied antifungal treatment protocol, firstly treated with itraconazole, then

ketoconazole then amphotericin B, suggesting that the infection was clinically persistent and

did not respond to the treatment administered. The candidiasis lesion in this patient was

caused by a strain different to that isolated from the oral rinse.

Isolates 378 and C differed at 50Vo of the loci analysed, representing differcnt C.

albicans strains. Isolate B was from a tongue swab during oral hairy leukoplakia and C was

an oral rinse sample both taken on the 5th of December 1995. Again, the isolate obtained

from the oral rinse of this patient was not the one responsible for infection.
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Isolates 54H, I and J differed at 18 to 4OVo of loci, representing different C. albicans

strains. All of these isolates were from oral rinses of a patient taking part in the

amphotericin B lozenge trial. The isolates were obtained on the 6th of September, the 4th of

October and the 20th of December 1995, respectively. The patient was candidiasis positive

when isolate J was taken. The predominant strain was constantly changing in this patient,

with isolate J appearing to be clinically resistant to amphotericin B. Isolates obtained from

previous samples of this patient, analysed in study 8, were all mixed/heterozygous. Perhaps

the continued use of amphotericin B lozenges resulted in the selection of C. albic¿rzs strains

with a reduced susceptibility to the antifungal.

The two isolates (B and C) from patient 58 differed at 29Vo of loci, representing different

C. albicans strains. Isolate B was taken from a tongue swab on the 8th of June and C was

from an oral rinse on the 4th of September 1995. Patient 58 was infected by a different

strain to that isolated from their oral cavity after treatment during asymptomatic

colonization.

Similarly, isolates from patient 59 had fixed genetic differences at 20 to 55Vo of loci with

all isolates representing different C. albicans strains. Isolate A was collected on the 8th of

June 1995, B, C and D on the 18th of January, G on the 14th of February, H on the 13th of

March and I on the 8th of May 1996. Isolates A, D, G, H and I were oral rinse samples, B

was a tongue swab and C was a hard palate swab during candidiasis. Isolate 59I was

collected after this patient began participation in an amphotericin B lozenge trial perhaps

suggesting that this strain has a decreased sensitivity to the antifungal. No single strain of

C. albicans persisted in this patient. The candidiasis infection lesions were caused by

different C. albicans strains and they also differed from the strains isolated by oral rinse

before, during and after the infection. Isolates 59E and F, collected from an oral rinse and

palate swab on the25rh of January 1996, were mixed/heterozygous.

Isolates 604, B, C and D differed at 8 to lSVo of loci representing different C. albicans

strains. Isolate A was taken on the 9th of June 1995, B, C and D were taken on the 21't of

March 1996. Isolate A was from a mouth swab, B from an oral rinse sample, C from a

tongue swab and D from a palate swab. These isolates constitute closely related strains or

perhaps substrains of C. albicans. The original infecting isolate did not persist in the

patient's oral cavity and the candidiasis infection was caused by a number of different
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strains. Each lesion was caused by a different strain, which differed from that isolated by

oral rinse.

Numerous isolates were taken from patient 63 and most were assessed in this particular

study. They had fixed genetic differences at II to 82Vo of loci. These isolates represent

distinct strains or species, with isolates B, C, E, G, I, J, M, N and R belonging to C.

albicans. Isolates Q and S formed a cluster and represent an undetermined species of

Candida, while F and H formed a second cluster of an undetermined species. Furlhermore,

P constituted a third undetermined species of Candida. Due to the complexity of the

epidemiology of this patient's isolates, a second phenogram with the relevant isolates

highlighted is presented (Figure 3.15b p., 179) and the clinically-relevant details are

summarised below.

o Oral rinse isolates B, M and N were collected during times of obvious candidiasis

infection, R was taken during an angular chelitis infection. Isolates B, G, H, I, M,

P, Q and S were from oral rinse samples; C was an oral swab, E a tongue swab, F

a palate swab, J and oral swab, N a tongue edge swab and R another oral swab.

o Isolates B and C were collected on the 4th of July, E, F and G on the 30th of

August, H on the 6th of September, I and J on the 20th of September, M on the 18th

of October, N and P on the 25th of October, Q and R on the 15th of November and

S on the 6'h of December 1995.

o This patient's original oral rinse (B) and lesion swab (C) samples taken during

candidiasis infection yielded different C. albicans strains. Approximately six

weeks later, the patient's oral hairy leukoplakia infection was caused by a

different C. albicans strain (E), the concurrent candidiasis infection was caused

by a different Candida species (F), and the oral rinse yielded a second C. albicans

strain (G). Within one week, all of these isolates were replaced by another strain

(H) belonging the same Candida species as isolate F. Two weeks after, there

were two different C. albicans strains present, one isolated from a lesion (I) and

another in the oral rinse (J). Four weeks later, another different C. albicans strain

was isolated from an oral rinse (M) and within another week there were two

strains present, one C. albicans strain causing oral hairy leukoplakia (N) and a

different Candida species from the oral rinse (P).

o This patient commenced participation in an amphotericin B lozenge trial prior to

the collection of isolates N and P. Within three weeks another species of

Candida was isolated from an oral rinse (Q) while another C. albicans strain was
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obtained from an oral swab on the same day (R). The final oral rinse sample

taken three weeks later (S) contained a different Candida strain of the species

isolated in oral rinse (Q).

The use of amphotericin B may have contributed to the appearance of two alternate

Candida species and the rapid replacement of strains observed in this patient.

Oral rinse isolate 59I was identical to lesion swab isolate 2A from patient 2. The same

strain being obtained from two different HlV-positive people suggests that they may have

shared a common source of infection or that Candida is a clonal organism. Alternatively,

allozyme electrophoresis was not discriminatory enough to differentiate these closely

related isolates. There were a number of unresolved loci between these two isolates in this

study, which could have contributed to them appearing genetically identical.

3.3.12Study I0

3.3.12.a Results

Isolates in study 10 (Table 3.39 p., 185-6) differed at 0 to 68.27o of the fourteen loci

assessed (Table 3.40 p.,187-8), forming seven clusters differing at over 5OVo of loci (Figure

3.16 p., 189). Other than cluster 1, which contained most isolates assessed, the other six

clusters comprised single isolates. Cluster 1 isolates varied at 0 to 38.9Vo of loci, and

included only clinical isolates. The genetic relationships between isolates that differed at

less than 33Vo of loci in cluster 1 were not reproducible with repeat analyses, as has been

noted in previous analyses. Clusters 2, 3, 4 and 5 differed at 50.lVo, 5l.4Vo, 52.2Vo and

65.4Vo of loci, respectively, each cluster containing a single clinical isolate. Cluster 5

contained the C. parapsilosls type strain. Clusters 6 and 7 differed from each other at 57Vo

of loci and from the other five clusters at 68.2Vo of loci. They contained the C. albicans and

C. dubliniensis type strains, respectively.
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Table 3.39a; Details of the fifty reference and clinical samples analysed in study 10 using allozyme electrophoresis

lsolate Code Sex HIV status
734
938
93C
93D

93E

954
654
658
88K
964
97E
714
84G

674
97D
66C
934

744
824
754
77A.
88D
84E
88J
768
88L
894

Resistance Patient's Other Notes

sensitivity to amphotericin B requested

sensitivity to amphotericin B requested

sensitivity to amphotericin B requested

Sensitivity to fluconazole requested

Sensitivity to fluconazole, itraconazole, ketoconazole and
amphotericin B requested

Pseudomembranous candidiasis, left tongue, lateral border
sensitivity to amphotericin B requested

candidiasis, oral hairy leukoplakia

Resistance to amphotericin B requested

M
M
M
M

M

?

?
+

?
?
?
?

+
?
?
?

?
2

+
+
+
+

+

+
+
+
+
+
+
+
+

+
+
+
+

+
+
+
+
+
+
+
+
+
+

Rinse
Oral Rinse
Oral Rinse

Left Swab Floor of Mouth

Right Floor of Mouth Swab

,)

,)

,)

Pseudomembranous
candidiasis?

Pseudomembranous
candidiasis?,

OHL
OHL

2
,)

,)

2
,)

Oral Rinse
Oral Rinse
Oral Swab
Oral Rinse

Cheek Swab
Oral Rinse
Oral Rinse
Oral Swab

M
M
M
M

M
M
M
M
M
M
M
M
M
M

Oral Rinse
Oral Swab angle of mouth

2

Tongue Swab

Oral Swab
Oral Rinse
Oral Rinse
Oral Swab
Oral Rinse
Oral Rinse

Swab Buccal mucosal Left
Oral Binse
Oral Rinse
Oral Rinse

Annotation as in Table 3.2 (p.,10).
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Table 3.39b; Details of the fifty reference and clinical samples analysed in study 10 using allozyme electrophoresis

lsolate Code Sex HIV status Site of lsolation Candidiasis Antifungal Resistance Patient's Therapy Other Notes
Sens¡t¡vity to fluconazole, itraconazole, ketoconazole and84F M + Oral Rinse ,)

B

924
904

M
M

+
+ Oral Rinse

case of Puerto Rico
cBS 562 C. albicanslype strain

M

oral lreland
Oral Rinse ,)

68G
68H
681

694
724
778
784
794
814
834
84D
944
958
974
978
97C

+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Oral Rinse
,)

Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse

Swab - Floor of Mouth
Oral Rinse
Oral Rinse

2

Oral Rinse
,l

Oral Rinse
Oral Swab corners of mouth

Oral Rinse

2
2
2

2
2
,)

2
2
2
,)

2
2

2
,)

angular Chelitis
2

Amphotericin B
topical therapy

Fluconazole

Annotation as in Tables 3.2,3.4 and 3.7 (p.,1O,78 and 85).

stra¡n
Both cultures 68E.1

two 81A.2 and 814.3, no 814.1 or 814.4 - relabelled
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Table 3.40a; Allelic profiles of fifty isolates analysed in study L0 at fourteen enzyme loci

Enzvme Locus
IsolateCode ALD ENOL EST FUM GDH G6PD GPI HKI HK2 NDPK NP PepA PepB PK

Annotation as in Tables 3.3 and 3.5 (p., 71 and79).

c
c

c
c
c

c
c
c

c
c

a

c
c
c
c

d
d
c
c

b
b
b
b

b

b
b
b
b
b
b

c
b

b
b

d

a

f

;
c
c

b
b

c
c
c

c

c
c

c

c

c
a

c

c
c

b

b

b
b

b
b
b
b

b

;
b

:

b

b

b

;
b

b
b
b
b
b
b
b

b
b
b
b
b
b

b

b

b

b

b

b
b

b
b
b

f
f
f
f
f
f
f
I
f
f
f
f
f
f
f
f
f
f
f
d

d
f
b
f
b

a

e

e

e

e

e

e

e

e

e

e

i
e

e

e

e

e

i
c

b
e

e

h
h

d
d
d

d
d

;
d
c

c

i
c

d

c
c
c
c

c
c
c
c
c
c
c
c

c
c
c
c

c
c
c

c
c
c
c

c

;
c

b
b
b

b

b

b

b

b

b
b
b
b
b

b

;
b
b

a

^

c

c
c
c
c

c
c
c
c
c
c
c

:

c
c

c

c

b

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

:
e

e

e

e

e

e

f
e

e

d
d
d
d
d
d
d
d
d
d
d
d
d

b

;
d
d
d
d
d
d
d
d
d
d

73A.
938
93C
93D
93E
954
65A
658
88K
96A
9'tE
7lA.
84G
67A
91D
66C
934
74r'.
824
75r'.
't'7¡.
88D
848
88J
768
88L
894
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Table 3.40b; Allelic profiles of fifty isolates analysed in study 10 at fourteen enzyme loci

Enzyme Locus

IsolateCode ALD ENOL EST FUM GDH G6PD GPI HKl HKz NDPK NP PepA PepB PK
R4F d b d

bb

c

b

b

c

c

d
f
e

e

b

e

d

c

c

d

a

b a

d

a

b

d

be

e

df

92¡.
904

cBS 604
aRs 56?

cBS 7987

b

a

s

h

b

b
d
c

b

c

b

c

c

d
d

d
c

c
c

c

b
b
b

b

b

c
e

c

b
c
c
b

b
b

b

b

c

c

c
c

c

bc
c
c

c
c

c
c

b
b

b
b

b
d
ac
b

b

b

a

ab
ab

b
b
b

b

b

b

b

b

b

b

c

b
b
b
b

s

f
dg
f
f
f
f

dg
d
d
e

ce
be
f
f
f
f
f

de
e

s

de
e

d

c
s
e

ac

b
e

e

d
e

e

d

d
cd
d
d
d

d
d
d
d
a
c

d
d
d
d
d

68E
68G
68H
68I
69A
'72¡.
778
784
79¡.
8lA
834
84D
94A.
958
97¡.
9'78
9'7C

cd
d

cd
d
c

a

a

d
c
c
c
c
c

c
c

bc
c
c

bc
c

bc
bc
bc
a

bc
bc
c

bc
hc

a

b
b

b
b

b
b
b

d

c
b
b

b

:

a

c
c
c

c

c
b

c

c
c
c
c
c

e

e

e

e

:
e

b

e

e

e

e

e

e

e

e

e

e

e

e

ae

e

e

e

e

e

e

e

e

e

Annotation as in Tables 3.3,3.5 and 3.8 (p.,71,79 and 86).
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73A
938
93C
93D
938
954
654
6sB
88K
96A
918
7tA
84G
67A
97D
66C
934
74Á^

824
75¡^
77¡.
88D
848
88J

76F,

88L
894

84F

921^

90A

C. parapsilosls CBS 604

C. albicans CBS 562

C. dubliniensls CBS 7987

0102030 40 s0 60

Vo Fixed Differences
70 80 90 100

Figure 3.16; Phenogram depicting the genetic relationships between thirty-
three isolates of Candida used in Study 10, as determined from an allozyme
electrophoresis analysis using fourteen loci.
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97D

9

938

1l
8

93D

0
17

8

93C

0
0
18

9

93B

0
0
0
17

8

934

2t
15

2l
2t
25

t'l

88L

36
29
3l
29
29
JJ

25

88K

2l
t4
7

8

7

7

8

0

88J

t7
42
t7
25

l8
25

25

21

l8

88D

30
33
33
-t -t

25

25

25

25

45

40

84G

18

l8
15

38

23

8

8

8

8

27
11

84F

t<
25

44

56
78

56
44
44
44
44

63

50

84E

56
33
36
t7
31

38

3l
38

JJ

38

38

45
36

658

40
57
18

33

20
0
l8
l8
9
10

9

9

10

0

65A
0

40
63

20
JJ

20

0
18

18

9

10

9

9

l0
0

Isolate
658
84E
84F
84G
88D
88J

88K
88L
934
938
93C
93D
938
97D
978

Table 3.41; Matrix of the percentage of fixed genetic difference between pairs of isolates from 5

individual patients in study 10

Annotation as in Table 3.20 (p.,128).
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3.3.12.b Interpretation

Seventeen of the forty-seven clinical isolates assessed were mixed or heterozygous.

Twenty-seven of the remaining thirty were placed within the C. albicans cluster, although

the C. albicans type strain was external to these isolates. The inclusion of isolatellA in the

first cluster, which had been analysed in clinical studies 1 and 2 previously (Sections 3.3.3

and3.3.4 p., 111 and 118) and in both had clustered with the C. albicans type and reference

strains, provided further evidence that this cluster represented C. albicans. This was also

the case for isolate 88D, which was within tbe C. albicans cluster in clinical studies 2 and 4

(Sections 3.3.4 and 3.3.6 p., 118 and 130). Subsequent analysis of the species identity of the

C. albicans type strain using CHROMagar confirmed that it had become contaminated with

another species of Candida. The three remaining clinical isolates formed unique clusters of

undetermin ed C andida species identity.

Table 3.41 (p., 190) contains excerpts from the matrix of pairwise comparisons for this

analysis (Appendix 3, Table 15). This data is used below in interpreting the genetic

variation between isolates obtained from a single patient.

Isolates 654 and B were genetically identical C. albicans strains obtained from rinse and

lesions swabs during OHL. They also shared identity with isolates 88K (rinse), 964 (swab)

and 9lE (rinse), again suggesting that the technique was not discriminatory enough to

distinguish these isolates or that C. albicans is clonal. Both isolates from patient 65 were

taken during a candidiasis infection on the 13th of July 1995. This result suggests that the

infecting strain predominated in this patient's oral cavity at the time of sample collection.

Patient 68 took part in an amphotericin B lozenge trial during the time that mixed/

heterozygous isolates D to G were collected. This analysis confirms the appearance of a

mixed/heterozygous colonization in this patient noted in study 3, and suggests that this

colonization continued after the patient finished participation in the lozenge trial.

Isolates 84E, F and G differed at 25 to 56Vo of loci with E and G within the C. albicans

cluster and F external to the majority of isolates, possibly representing a genetic extreme of

the species. Isolates E and F were from oral rinse samples and G was from an oral swab.

Isolate E was taken on the 26th ofJune and F and G were taken on the 3'd of July 1996. The

strain carried by this patient changed within one week and the infection-causing strain was

not the same as that isolated from the oral rinse. This patient was probably colonized by
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more than one strain during the week between sample collections. Isolate 84D was a

mixed/heterozygous isolate collected on the 21't of June 1996 from an unspecified oral

source. Patient 84 participated in an amphotericin B lozenge trial when isolates D to G were

obtained. This trial could have led to a mixed infection and the rapid strain replacement

noted.

For patient 88, the multiple isolates collected had fixed genetic differences at 17 to 42Vo

of loci. They represent different C. albic¿ns strains. Isolates 88D, K and L were obtained

from oral rinse samples and J was from a buccal mucosal swab. The patient had candidiasis

and oral hairy leukoplakia when isolate D was taken on the 10th of April 1996. Isolates J

and K were taken on the 26th of June and isolate L was taken on the 24'h of July 1996.

During this patient's second infection, the strain isolated from the oral rinse was not the

same as that isolated from the lesion. Additionally, the first and second infections were

caused by different C. albicans strains.

Isolates 93 B, C, D and E were genetically identical but differed to isolate 934 at 15 to

2lVo of the loci. This percentage varied due to differences in resolution of some loci

between individual isolates. All of these isolates were within the C. albicans cluster,

representing two different strains. Isolate A was collected on the 3'd of April, B on the 17th

of April, C, D and E on the 24'h of April 1996. Isolate 934 was derived from a tongue

swab, B and C were from oral rinses and D and E were from swabs of the floor of the

patient's mouth. The original strain causing the oral hairy leukoplakia infection in this

patient was not maintained, but was replaced by a strain that was isolated from the

following oral rinse and the later candidiasis infection and oral rinse sample. The second

strain from this patient was probably resistant to the treatment used for the first oral hairy

leukoplakia infection. This patient participated in an amphotericin B lozenge trial when

isolates A and B were collected. The lozenge use may have selected for the strain isolated

from the ensuing candidiasis and oral hairy leukoplakia infections. The genetically identical

isolates from patient 93 were also identical to rinse isolates 734 and 954. This result could

be due to an insufficient number of enzyme loci being compared in this study or, as was

suggested in study 9, provides further evidence that C. albicans is a clonal organism.

Isolates 97D and E differed at 9Vo of loci and represent different C. albicar¿s strains.

Isolate D was from a swab of an angular chelitis lesion on the 26th of June 1996. Isolate E

was taken from an oral rinse on the 24th of July 1996. These isolates may represent a single
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strain with minor genetic variation. Isolates 9'7 A,B and C were mixed/ heterozygous being

derived from an oral rinse on the 17th of June, an angular chelitis swab and another oral

rinse on the 19th of June 1996. This patient participated in an amphotericin B lozenge trial

when isolates B to E were collected. This appears to have resulted in the selection of the C.

albicans strains present when isolates D and E were obtained.

3.3.13Study 11

3.3.13.a Results

Isolates in study 11 (Table 3.42 p., 194) having fixed genetic differences at 0 to 78.6Vo of

the seventeen loci assessed (Table 3.43 p., 195), forming six distinct clusters with fixed

differences at equal to or more than 5OVo of loci (Figure 3.17 p., 196). The first cluster

contained the majority of isolates, with fixed differences between them at 0 to 49.9Vo of

loci. These isolates differed from cluster 2, which contained a single clinical isolate and the

C. dubliniensis type strain, at 6O.8Vo of loci, and from cluster 3, the C. albicans type strain,

at 62.6Vo of loci. Cluster 4 contained the C. parapsilosis type strain, which differed at

75.7Vo of loci and clusters 5 and 6 differed from each other at 64Vo of loci and from the

other clusters at78.6Vo of loci.
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Table 3.42;Details of the thirty reference and clinical samples analysed in study 11 using allozyme electrophoresis

status Site of lsolation
s17
c6
c3
s11
s15
c15
S5
c12
S9
s13
994
S2
s20

+

F
M
M
F
M
M
M
M
F
M
M
M
F
M

Undiluted saliva
Undiluted saliva
Undiluted saliva
Undiluted saliva
Undiluted saliva
Undiluted saliva
Undiluted saliva
Undiluted saliva
Undiluted saliva

Oral Rinse
Undiluted saliva
Undiluted saliva
Undiluted saliva

carner
carner
carner
carner
carner
carner
carner
caffrer
carner
carner

2

catner
carrier
carner

Other Notes

c1 6
1 004 M

CBS
cBS 562
cBS 604

s25

+
+

nse
lreland

,)

ora C. dubliniensis strain
C. albicans strain

C. strain

Candida species, Sens¡t¡vity to fluconazole requested
Sensitivity to amphotericin B requested

Rico

984
1014
1018
S3
S4
s14
s18
s22
c1B
c8

M

M
M
M
F
F
F
M
M
M
M

+
+
+

Undiluted saliva
Oral Rinse
Oral Rinse

2

Undiluted saliva
Undiluted saliva
Undiluted saliva
Undiluted saliva
Undiluted saliva
Undiluted saliva
lJndiluted saliva

carner
lAfftèf

,2

2
,)

carner
carner
carner
carnef
carner
catnet
carneÍ

Annotation as in Tables 3.2,3.4 and3.'7 (p.,70,78 and 85).
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Table 3.43; AllelÍc profïles of thirty isolates analysed in study 11 at seventeen enzyme loci

Enzvme Locus
IsolateCode ALD ENOL EST FDP FUM CDH C6PD GPI HKI HK2 NDPK NP PepA PepB PGAM PGM PK

sr7
C6
c3
sll
sl5
c15
s5
ct2
S9

sr3
994
S2

s20
a1p /1 6

c

c
d
c

c
c

c
c

e

b
b

^

c

c
c
d
c
d
c

c
c

c
c
c

c
c
b
c

c
c
b

c

b
b

a

;
b

c

d

d

d

d

a

d

d
d
d
d

b

b

d
d
d
d
d

d
d

i
c
d

c

c

c
c

c
a

b

d

d
d

d
d
d

a

c
c
c
c
a

c
c

c

c

c

c
cd
c

c

c
c

;
c

a

c
c
d
b
c
c
c
c
a

c
c

b
e

a

c
c

c
c
c
c

c

b
c

d
c

e

e

e

f
a
c

c
c
c
c
c
c
c

e

c

o

;
d
d

d

d

d
d

a

b

d
d

c

a

b

a

a

a

b

a

a

d
d
d
d
d

d

d

d
c
c
d
d
d

d
c

b
d

c

c

c
c

c
c

c
c

b
c
c

b

a

a

a

a

a

:
a

d
f
d

d
a

d
d
d
d

d

d

r00A
CBS 7987
CBS 5ó2
cBS 604

s25
c1ó

c
b

a

a

b

e

d ac

b

a

a

b

b

e

c
c

a

a

a

b

a

a

a

e

a

d

c
c

dd b

a

d

b

d
b
e c

b

e

d
a

b

bb

b

b

a d

984
10lA
l0lB

S3

S4
sl4
sl8
s22
CIB
f-R

Annotation as in Tables 3.3,3.5 and 3.8 (p.,"11,79 and 86)

b

e

bd
d
cd
c
d

d

c
c

ac

c

c

ac
ac

ac
c

a

c
d
c

c
c

c

^
c
c
c
b

c

a

d
c
c
e

a

a

a

a

a

c
b
a

b

a

c

b
c

b

c

b
b

c

c

c

e

b

ab
c
b
c

e

d
c
d
c
d
d
b

d

d

a

a

b

b
b
c
a

a

a

a

2.

ac

d

b

c
c
b
b

ac

a.

a

ab
ab

a

ab
ab

b

b
b
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sl7

C6

C3

s11

s15

c15

S5

CI2

S9

s13

99Á^

S2

s20

C1B

l00A

C. dubliniensis CBS 7987

C. albicans CBS 562

C. parapsilosis CBS 604

c16

s25

Figure 3.17; Phenogram depicting the genetic relationships between twenty
isolates of Candi.da used in Study 1L, as determined from an allozyme
electrophoresis analysis using seventeen loci.
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3.3.13.b Interpretation

The isolates within this analysis were predominantly obtained from HlV-negative oral

asymptomatic carriers. As in study 10, the C. albicans type strain was positioned in the

phenogram externally to the majority of isolates examined. It was determined, using

CHROMagar, that the type strain had become contaminated with another species of

Candida, possibly C. tropicalis as indicated by the presence of blue colonies.

Ten of the twenty-seven carrier and clinical isolates assessed were mixed or

heterozygous. This included two clinical isolates from patient 101, who took part in an

amphotericin B lozenge trial. Fourteen of the remaining seventeen were placed within the

C. albicans cluster, one within in the C. dublinierzsis cluster, while two were genetically

unique and represent Candida species of undeterrnined identity. There was no segregation

of isolates from male versus female patients, or from infection versus asymptomatic

carriage, or from HlV-positive versus HlV-negative patients. As was suggested from earlier

data, there is no genetic subset of C. albicans organisms that appeil to be responsible for

oral infection. This suggests that the infection by C. albicans is oppofiunistic.

Isolates S17 and C6 obtained from two unrelated asymptomatic carriers were genetically

indistinguishable on the basis of the data presented in this analysis, suggesting that allozyme

electrophoresis was not discriminatory enough to distinguish these two isolates, or provides

further evidence that C. albicans is clonal.

The electrophoretic data clearly demonstrate that the predominant Candlda species in

both infection and asymptomatic carriage is C. albicans. The level of genetic variation

between isolates obtained from either asymptomatic carriage or infection is similar

suggesting that both states arise from random colonization and that there are no genetic

subsets with increased virulence.

3.3. I 4 General Re sults ønd Interpretation

The analyses in Section 3.3 comprise an epidemiological investigation of oral Candida

colonization and infection. The complexity associated with attempting to combine the

results from all analyses into a single phenogram prevents this. However, generic clusters
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may be compared ie., isolates that cluster with the type strains in one study are probably

closely related to isolates that cluster with the same t)T)e strain in another study. Therefore,

the general results focus on clusters of isolates associated with type and reference strains.

A range of genetic diversity within defined species of Candida was observed but there

was a predominance of C. albicans isolates (22I of 407 isolates assessed) in the

electrophoretic analyses. The data presented in Section 3.3 indicate that genetically

identical isolates can return during recurrent infections and resistance to treatment can be

the result of superinfection with a different strain with a higher MIC or the same strain

adapting. Additionally, it appears that the type of infection with which a patient presents is

not strain-mediated because symptoms were not confined to genetically distinct subgroups

of strains.

A number of clinical samples were composed of more than one type of Candida ie.,

mixed infection (I2O of 407). In addition to C. albicans the other species that were

identified in clinical samples included C. dubliniensis (the most predominant representing

2O of 407), a single C. parapsilosis isolate and a single T. beigelii isolate. Forty-four of the

four-hundred and seven clinical isolates of Candida were genetically distinct from the type

and reference strains in the genus used in the analyses, hence their species designation could

not be established. A selection of isolates, not associated with type or reference strains or

that represent the extremes of genetic variation within a cluster, were assessed in the

following molecular analyses (Section 3.4 below).

3.4 Summary of øllozyme electrophoresis studíes

Following are the summarized results from Sections 3.1, 3.2 and 3.3. The results are

generalised and trends and consistencies in the data across experiments are raised.

In general, the technique of allozyme electrophoresis can be used to discriminate between

different strains and species in the genus Candida. The species identity of isolates can be

confirmed on the basis of their allelic profile, using a panel of at least fifteen metabolic

enzyme loci.
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The type strain for C. parapsilosis, CBS604, was heterozygous for NDPK in most

analyses except taxonomic study 2 and study 11, where it had a single band of activity. This

strain was heterozygous for FUM in all previous analyses except taxonomic study 2, where

it also had a single band. The data in taxonomic study 2 and study 11 appear to have not

been as clearly resolved for CBS604, probably due to a decrease in enzyme concentration in

the lysate used for analysis.

The epidemiological information gained from this study suggests that the oral

manifestations of Candida infection of HlV-positive individuals are opportunistic and the

clinical symptomology is a result of the individual's immune status. This conclusion can be

drawn from the lack of evidence for genetic distinction between isolates obtained from oral

infections in these patients and isolates obtained during periods of asymptomatic caniage.

Additionally, there is no evidence for genetic distinction between isolates obtained from

HlV-positive individuals and healthy asymptomatic carriers.

There are a number of cases of oral infection caused by more than one genetically

distinct Candida strain, the superinfection of a patient with a new strain during the course of

infection, perhaps in response to antifungal therapy, and evidence of the re-emergence of a

strain over time. The infection of the oral cavity by species of Candida appears to be

dynamic and involves the interaction of a number of diverse strains and species of Candida.

The misuse of commonly prescribed antifungals, such as fluconazole and amphotericin B

will increase the predominance of Candida species such as C. lusitaniae and C. glabrata,

which have innate resistance to them. Additionally, transfer of resistance genes in mixed

infections may lead to a number of susceptible species also becoming resistant to these

treatments.

The taxonomic framework of the genus Candida is questionable on the basis of the

genetic relationships identified between medically important Candida species and S.

cerevisiae. These two genera do not form distinct genetic groups and their taxonomic

distinction should therefore be reinvestigated.

t99



3.5 Phylogenetic analyses using /8S ribosomøl RNA

3.5.1 General Background

Comparisons of the small subunit ribosomal RNA gene sequence have been the basis of a

number of systematic investigations in a range of taxa from all kingdoms of life (see Gurtler

and Mayall 2001 for a discussion on the utility of current molecular methods for

determining bacterial systematics). However, as has been mentioned in the introduction, the

results obtained on the basis of this single gene sequence can conflict with traditional

evolutionary relationships. Current sequence comparisons have questioned the accuracy of

the existing phenotypically defined taxonomic structure not only of Candida, but of all

fungi.

The following Section encompasses a comparison of these sequences between medically

relevant Candida species, across genera, between the teleomorphs and anamorphs of species

and across phyla, as have been investigated in previous Sections (eg., Section 3.2 p.,93).

Previous analyses of these sequences have not included the range of medically relevant

species investigated herein, nor have they analysed the phylogenetic relationships (Hendriks

et aI. 1991, Barns et aL l99l). Sequence alignments, phylograms obtained from the

alignment of each sequence and bootstrap values for branches in the phylogram are

presented within each relevant subsection. Bootstrap values in this study were determined

by the percentage of times a particular branching pattern is obtained when the same data set

is analysed five-hundred times using maximum likelihood analyses. 'When a bootstrap

value exceeds 75,the branch is deemed to have strong statistical support.

200



3.5.2 Phylogenetic evsluation using the complete 185 rRNA sequence

The aims were;

. to sequence the entire 18S rRNA gene for the C. albicans type

strain, CBS 562 and compare this sequence with other relevant

sequences already published on Genbank; and

o to analyse the phylogenetic relationships between medically

relevant Candida species and related genera.

3.5.2.a Materials and methods

A set of six primers was designed from published GenBank sequences to allow PCR

amplification of the entire Candida 18S rRNA gene (refer to Materials and Methods

Chapter 2 p., 47). The C. albicans type strain, CBS 562, was sequenced in its entirety and

deposited on Genbank (accession number AFII44T0) then compared with other relevant

Genbank sequences (Table 3.45 p.,202).

3.5.2.b Results

The sequence obtained for the C. albicans type strain CBS 562 (AFII447O Table 3 .46 p.,

203) aligned with l00Vo similarity to other Genbank C. albicans sequences, confirming its

identity. Multiple alignments for all sequences analysed are within Appendix 3 (Table 17).

The sequences ,were all homologous at 1055 of 1665 bases compared. The phylogenetic

relationships were derived using maximum likelihood, parsimony and neighbour-joining

analyses (Figure 3.18a p.,204). Bootstrap values for the branches ranged from 55 to l00%o

(Figure 3.18b p., 205). Ascomycetes and basidiomycetes formed two distinct lineages and

the anamorphs and teleomorphs of Candida species were within a single clade. There are

four major branches within the ascomycetes. C. lusitaniae and C. krusei formed distinct

lineages, C. kefyr, C. glabrata and S. cerevisiae were within a single clade, as were C.

albicans, C. dubliniensis, C. viswanathii, C. tropicalis, C. guilliermondii and C.

parapsilosis.
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Sequenceu Genbank accession number
CkeM60303
TgM60311
CvM60309
CgM60304
CpM60307
crM60308
ckM60305
ckM55528
c1M55526
c1M60306
CaM60302
Ca4J005123
CaAFlI4470
cdx99399
ctM55527
Dhx62649
Dhx58053
ScVO1335
ScJO1353

CgX51831
KmX89522
KmX89524
KmX89523
CnLO5428
FnX60183
CnLO542l
CnM55625
TcX60182

M60303
M60311
M60309
M60304
M60307
M60308
M6030s
M55528
M55526
M60306
M60302
4J005123
AFrr4470
x99399
Iù/455527

x62649
x58053
v01335
J01353
x51831
x89522
x89524
x89523
L05428
x60183
L05427
lÙ{4s5625

x60182

Table 3.45; Details of the sequences used for an 18S rRNA gene alignment

S

C. kefvr
T. glabrata
C. viswanathii
C. guilliermondii
C. parapsilosis
C. tropicalis
C. krusei
C. krusei
C.Iusitaniae
C. Iusitaniae
C. albicans
C. albicans
C. albicansd
C. dubliniensis
C. tropicalis
D. hansenii
D. hansenii
S. cerevisiae
S. cerevisiae
C. glabrata
K. marxianus
K. marxianus
K. marxianus
Cr. neoþrmans
F. neoþrmans
Cr. neoþrmans
Cr. neoþrmans

ATCC 4135
ATCC 2OO1

ATCC 22987
ATCC 6260
ATCC 22019
ATCC 750
ATCC 6258
MUCL 28949
MUCL 29855
ATCC 42]20
ATCC 18804
Clinical'
CBS 562
CD 36
MUCL 3OOO2

NRRL Y-]426
MUCL 28926
?"

?

CBS 138

CBS 5671
NCYC 970
CBS 712
ATCC 24067
MUCL 30453
ATCC 24065
?

MUCL 30308T.

a; Sequence refers to the code used for sequence analysis in this analysis and corresponds with the

sequences used in the following tables and figures in this Section.
b; Strain refers to the isolate from which the sequence was obtained.
c; Clinical refers to a clinical strain not lodged in a culture collection.
d; The emboldened strain was sequenced in this thesis.

e; ? strain refers to the sequence being obtained from an unspecified strain.
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Ca CBS562
C ÀA

TTC
_-GGGCTC

C

CT
AG

T A

TTTT

^mm TGGGGGGAGTATGG

Lffffi

LAI f

ACACTGA

TTCTG

Table 3.46; Complete 18S rRNA sequence for the C. albicans type strain CBS562

(Genbank accession number 
^FIl447 

0)

u Highlighted nucleotides indicate regions of homology between all aligned fungal 18S rRNA genes

presented in Appendix 3 (Table l7).
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C. krusei
a

100

C. albicans

C. C. dubliniensis

C. guilliennondii

D, hansenii
C. visv'anathii
C. parapsilosis

12 94

r00 C. kefyr

61

C. lusitaniae
100 S. cerevisiae

100
C. glabrata

T- cutaneum

C. neoformans

1 0 substitutions/site 
a

Figure 3.18a; Unrooted consensus tree of the phylogenetic relationships between
medically relevant Candidø species and related genera based on 18S rRNA gene

sequences
a; the numbers at each branch indicate the bootstrap values for that branch
b; the scale bar indicates the branch length that corresponds to 10 base differences (substitutions)

between two sequences

100100

100

100
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100

100

93

76

79

78

51

51

100

100

100

100

C9M60304

Dhx62649

Dhx58053

CpM60307

ctM60308

ctM55527

CvM60309

cdx99399

CaAJ00512i

CaM60302

CaAF11447

CkeM60303

KmX89523

KmX89522

KmX89524

ScVO1 335

ScJ01 353

TgM6031 1

C9X51831

CkrM60305

CkrM55528

ctM55526

ctM60306

FnX601 83

CnL05427

CnL05428

CnM55625

TcX60182

99

100

69

55

100

100

94 61

72

100

100

65

93

100

Figure 3.18b; Bootstrap values obtained by maximum likelihood analyses of five-

hundred trees for branches in Figure 3.18a (p.,2O4).

Bootstrap values (denoted under each branch) exceeding 75 indicate that the branch has strong
statistical support.
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3.5.2.c Interpretation

The phylogenetic structure obtained using all of the available sequences is not in

agreement with the phenelic results obtained using allozyme electrophoresis (Section 3.2 p.,

93). However, this is not unexpected because each of these techniques discriminates at a

different taxonomic level, allozyme electrophoresis provides a conservative estimation of

genetic diversity and it is based on net charge differences in metabolic enzymes whereas

18S rRNA gene sequencing is a sequence comparison of a single gene.

By definition, species within a genus are genetically closely related, but in this case S.

cerevisiae is in the same clade as Candida, questioning the current taxonomy. The

basidiomycetes form a distinct lineage but anamorphs and teleomorphs of Candida species

are genetically within a single clade together. There is strong bootstrap support for the

separation of ascomycetes and basidiomycetes and for the C. Iusitania¿ branch within the

ascomycetes (Figure 3.18b p.,205). There is low support for the branching of C. krusei

from the remaining two Candida branches, but the support for the latter branches is high.

V/ithin the clade containing S. cerevisiae, there is strong support for the C. glabrata branch

but decreased support for the association of S. cerevisiae with C. kefyr. Within the clade

containing C. albicans, there is strong support for most of the branches except the

separation of the C. tropicalis and C. viswanathii branches. The high overall bootstrap

values for the maximum likelihood analysis using these sequences suggest that it is

phylogenetically informative, although it again questions the validity of the genus Candida,

as did the allozyme data in the previous Section.

3.5.3 ldentification of a 490-bp species-diagnostic sequence

3.5.3.a Background

Although the accuracy of ribosomal RNA small subunit sequence has been questioned,

its utility in phylogenetics has been demonstrated for many bacterial and fungal genera (eg.,

James et al. 1994, Yamada et aI. 1995, James et al. 1997, Mozina et aI. 1997). As shown in

the previous Section (3.5.2,p.,201), differences in this sequence provide the basis for the

differentiation of Candida species and related genera. However, this sequence is

excessively long and therefore too laborious and costly to be effectively used for routine

species diagnosis.
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Alignment of the complete 18S rRNA gene sequence allowed the identification of a 490-

bp segment in the middle of the sequence that was highly divergent at the species level, but

conserved within species suggesting that it is potentially diagnostic. This Section is a

further investigation of this segment to assess its potential application as a target for the

design of a rapid PCR based diagnostic method for the clinically important species of

Candida.

The aim was;

. to assess the utility of a 490bp segment of the 185 rRNA gene

sequence for species identification and phylogenetic

reconstruction of Candida species and related genera.

3.5.3.b Materials and methods

Primers M18s5 and M18s3 (Section 2.2.3.a p., 59), used to amplify the middle 490-bp

region of isolate CBS 562 (Section 3.5.2 p.,201) were used to amplify type strains used in

Section 3.2.1 (p.,93) for which the 18S rRNA sequence had not been previously published

plus a selection of clinical isolates from potentially cryptic species (Table 3.47 p.,209). The

18S rRNA gene fragment was also extracted from the complete gene sequences in Section

3.5.2 (p.,2Ol).

3.5.3.c Results

A Clustal X alignment of the sequences is presented in Table 3.48a-j (p.,2lO-19). The

sequences obtained for Type and clinical strains in the present study were located within

clades containing previously published sequences. All sequences were homologous at 283

of the bases compared and there was a high level of homology within species (Table 3.49 p.,

220).

As with the complete 18S rRNA gene sequence, analysis of the partial fragment showed

separation of the ascomycetes and basidiomycetes but the two serovars of Cr. neoþrmans

were not distinguished into separate lineages (Figure 3.I9a p., 221). The partial 18S rRNA

gene also discriminated four distinct lineages of ascomycetes that correlated with those

described using the complete sequence (Section 3.5.2 p.,2Ol). C. krusei and C. norvegensis

formed a clade, as did C. lusitaniae and C. haemulonii. Again, S. cerevisiae was located in

the same clade as C. kefyr and C. glabrata. The final clade contained the majority of
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Candida species, C. albicans, C. dubliniensis, C. tropicalis, C. famata, C. viswanathii, C.

guilliermondii, D. hansenii and C. parapsilosis. Some species were very closely related

using this sequence. Their relationships were reanalysed excluding the less closely related

species (Figure 3.19b, p.,222). This close phylogenetic clade contained all of the Candida

clinical isolates currently sequenced. Isolates 34A.4 and 34A.6 co-located with the C.

tropicalis type strain, but the partial 18S sequence was too similar to allow unequivocal

discrimination of many of the Candida species in this large clade.

The close genetic relationship between C. famata, C. guilliermondii and D. hansenii has

been raised previously (Nishikawa et al. l99l). The current analyses suggest that D.

hansenii is more closely related to C. guilliermondii than to C. famata. Following the

allozyme electrophoretic analysis, clinical isolate I4I3O was reidentified as T. beigelii using

traditional characters. Partial 18S rRNA sequence comparisons of 14130 and the T. beigelii

reference strain provided support for this identity.
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Strain
ATCC 18804

Clinical
ATCC 4235

CD 36
ATCC2298I
baker's yeast

ATCC 6260
ATCC22OI9
ATCC24067
ATCC24065
MUCL 30453

ATCC 2OO1

MUCL 298ss)
ATCC 42720
MUCL 3OOO2

ATCC 750
ATCC 6258

MUCL29849
MUCL 30308

NRRL Y-1426

MUCL29826
5671

NCYC 970
sftain712

CBS 138

CBS 562
CBS 7987
CBS 940

CBS 5I49
CBS 834

CBS 6936
CBS 132

CBS 6289
CBS 604
CBS 94

CBS 4024
ATCC 2601

21A.3"
274.3-4
348.1
40F.1

29A.t-6
40E.1
34A,4
34A.6
14130

Table 3.47;lsolates and Genbank sequences used for partial 18S rRNA analysis

Genbank accession number / code

C. albicans
C. albiclns

C. kefyr
C. dubliniensis
C. viswanathii
S. cerevisiae
S. cerevisiae

C. guilliermondii
C. parapsiLosis
Cr. neoformans

Cr. neoformans var. gattii
F. neoformans var. neoformans

(teleomorph)
Cr. neoþrmans

C. glabrata

T. glabrata
C. lusitaniae
C. lusitaniae
C. tropicalis
C. tropicalis

C krusei
C krusei

T. beigelii (anamorph)

D. hansenii (teleomorph)

D. hnnsenii (teleomorph)
K. marxianus (teleomorph)
K. marxianus (teleomorph)
K. marxiqnus

C. albicans
C. dubliniensis

C. famata
C. haemulonii

C. kefyr
C. lusitaniae

Cr. neoformal?.r var.
neoformans

Cr. neoþrmans var. gattii
C. parapsilosis

C. tropicalis
C. viswanathii
S. cerevisiae

M60302 (Barns) / CaM603O2
4J005 123 (Kerkmann,M.L.) / CaAJ005 123

M60303 (Barns) / CkeM60303
X99399 (Sullivan,D.J.) I CdX99399

M60309 (Barns) / CvM60309
V01335 (Mankin,A.S.) / ScVOl335

J01353 M27607 (Rubtsov,P.M.) / ScJO1353
M60304 (Barns) / CgM60304
M60307 (Barns) / CpM60307
L05 428 (Fan,M.) / CnL05428
L05 427 (Fan,M.) / CnL0542'7

X60183 (De Wachter,R.) (Van de Peer,Y.) /
FnX60l83

M55625 (Sogin,M.L.) I CnM55625
X5l83l (Clark-Walker,G.D.) (Wong,O.C.) /

CgX51831
M6031I (Barns) / TgM603l I

M55526 (Hendriks,L.) / C1M55526
M60306 (Barns) / C1M60306

M55527 (Hendriks) / CfM55521
M60308 (Barns) / CtM60308

M60305 (Barns) / CkrM60305
M55528 (Hendriks) / CkM55528

X60182 (De Wachter,R.), (Van de Peer,Y.) /
TcX60182

X62649 (McNally,K.L), (Govind,N. S.), (Medlin,L.)
tDhx62649

X58053 (Wachter,R), (Hendriks) / DhX58053
X89522 (Cai, J.) lKmX89522
X89524 (Cai, J.) lKmX89524
x89523 / KmX89523

CalbCBS562
CdubCB57987
CfamCBS940

ChaemCB55l49
CkefyrCBS834
ClusCB56936

CneoneoCBSl32

Cneo96289
Cparu604

CtropCBS94
CvisCBS4024

ScerATCC2601
211..3

274.3-4
348.1
40F.1

29A.1-6
408.1
34A'.4
34A.6
14130

a; The sequences for some species include those obtained from type and reference strains and, where
available, the teleomorphic species.
b; Sequence code used in the following Tables and Figures in this section.
c; Clinical strains obtained for the current study.
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Table 3.48a; CLUSTAL X (1.64b) multiple sequence alignment of a 490-bp fragment of the 18S rRNA gene in

Candida and related genera. The nucleotides in bold represent the forward primer binding site and highlighted

areas are homologous regions across all aligned sequences. The identities of the isolates assessed is within Table

3.47 p.,209

c1M55526
c1M60306
ClusCBS693 6

ChaemCBS5 14 9
21-A-3
21A.3-4
Cpara6 04
348.1
40F. 1

29A.1--6
408. 1
CdubCBST 9 87
CalbCBS5 62
cdx99399
CaM60302
CaAJO05 12 3
CpM60307
crM60308
crM5552 7

CvM60309
34A.4
34A.6
CtropCBS94
CvisCBS4 02 4
C famCBS9 4 0

C9M60304

AGCÀGCCGCG- GTÀÀTTCCAGC TC C _ AÀGAGCGTATAT TAÀAGTTGTTGCAGTT
AGCAGCCGCG- GNNATTCCAGC TC C -ÄÄ.GAGCGTATATTAAAGTTGTTGCAGTT
- - - - -CCGCG- -TÀÀTTCCAGCTCC _AAGAGCGTATATTAAÀGTTGTTGCAGTT

- - -A-CCGCG-NTÀATTCCÀGCTCC _AÃGAGCGTATATTAAAGTTGTTGCAGTT

- - - - -GCGCG-GTÀATTCCÀGCTCCCA.AAAGCGTATATTAAAGTTGTTGCAGTT
- - - -AGCGCG-GTÀÀTTCCAGCTCCCAAÃAGCGTATATTÄAAGTTGTTGCAGTT
- - - -AGCGCG-GTA.ÈTTCCÀGCTCCCÃÄÃAGCGTATATTAAAGTTGTTGCAGTT
- - - -ÀGCGCG-GTÀÀTTCCAGCTCC _AÀÀÃGCGTATATTAAAGTTGTTGCAGTT

- - - -ÀGCGCG-GTÀÀTTCCÀGCTCC _AÀAÀGCGTATATTAAAGTTGTTGCAGTT

- - - - -CCGCG-GTÀÀTTCCAGCTCC _AA.A-AGCGTATATTAÄAGTTGTTGCAGTT

- - - - -ÀÀGCGTGTAATTCCÀGCTCC _AAAAGCGTATATTAAAGTTGTTGCAGTT

- - - - - - -CCGGTTÀÀTICCÀGCTCC AAAAGCGTATATTAAÀGTTGTTGCAGTT
AGCÀGCCGCG-GTÀÀTTCCÀGC T C C _AAAAGCGTATATTA.AÀGTTGTTGCAGTT

ÀGCÀGCCGCG -GTÀÀTTCCÀGC T C C _AAAAGCGTATATTAÂÀGTTGTTGCAGTT

AGCAGCCGCG -GTÀATTCCÀGC T C C _ÄÄAAGCGTATATTAAAGTTGTTGCAGTT

ÀGCÀGCCGCG - GTÀÀTTCCÀGC T C C _AAAÀGCGTATATTAAAGTTGTTGCAGTT

ÀGCÀGCCGCG- GNÀÀTTCCÀGC TC C _A.A-AAGCGTATATTAÀAGTTGTTGCAGTT

AGCAGCCGCG - GNÀÀTTCCAGC TC C _ÃAAAG CG TATATTAÀAGTTGTTGCAGTT
ÀGCÀGCCGCG-GTÀÀTTCCÀGC TC C _Ä.A.AAG CGTATATTA.A.AGTTGTTGCAGTT

- - -ÀTTCCÀGCTCC _AÀAAGCGTATAT

- - -ÀGCCGCG-GTÀ.ATTCCAGCTCC _

- - -ÀGC -GCG-GT.àÀTTCCAGCTCC _

- - -A-CCGCG-GTÀÀTTCCÀGCTCC _

- - - - -CCGCG-GTÀÀTTCCÀGCTCC _

- - - - -CCGCG-GTAÀTTCCAGCTCC_

AÀÀÀGC
ÀÀÀÀGCGTA

- -ÀÀTTCCÀGCTCC _AÀTAGCGTATA

_GCTT_ _ _ _AGGCGAGCACTG

GCTT - _AGGCGAGCACCT
____AUULbâULALlU

'_AAGGCGAGCACTG
_GATGCGTÀCTG

CATCTTTTT
CATCTTTTT

TTTTT
CATCTTTTT _GATGCGTACTG

CATCTTTTT _GATGCGTA_TG

.ACTG
Àaîc
ACTG

_GATGCGTACTG

GåIGLÚIALfU

_GATGCGTACTG
_GATGCGTACTG
_GATGCGTACTG

CATCTTTTT _GATGCGT

TTTC*GC

TTGG_T

tAtL I I 1L I -bâtULgl/tU rþ

CATCTTTCT _GATGCGTACTG

CATCTTTTTGGATGCGTACTG
CATCTTTCT _ GATGCGTACTG
LAltl 1 lLt -gA L9!U r At l I

TTTTTCT _ GATGCGT.4CTG
TCTTTTTGGATGCGTACTG

********* **** *
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Table 3.48b; CLUSTAL X (1.64b) multiple sequence alignment of a 490-bp fragment of the 18S rRNA gene in

Candida and related genera. The nucleotides in bold represent the forward primer binding site and highlighted

areas are homologous regions across all aligned sequences. The identities of the isolates assessed is within Table

3.47 p.,209

Dhx58053
DhX62649
CkefyrCBSS34
K¡lX99522
CkeM60303
KmxS 9 524
KmXS 952 3
ScVO 13 3 5

Sc,IO13 5 3

ScerATCC2 6 0 1

C9X51831
TgM603 11
CkrM603 05
CkrM5552 I
Cnorv6 5 64
CneoneocBSl3 2

Cneog6 2 I 9

Cri-l,I55625
FnX60183
CnT.O5428
CnLO5421
Tcx60182
1413 0

AGCÀGC - CGCGGTÀÀTTCCÀGCT CC _A.ATAGCGTATA

ÀGCÀGC - CGCGGTÀÀTTCCAGCTCC _AATAGCGTATA

- - - - - - -GCG-GTÀ.ATÎCCÀGCTCC
AGCAGCCGCG-GTÀÀTTCCAGC TC C -AGTAGCGTATA
.àGCÀGCCGCG-NNNATTCCAGC TC C _AGTAGCGTAT

ÀGCÀGCCGCG-GTÀ.ATTCCÀGCTCC _AGTAGCGTATATT

ÀGCÀGCCGCG-GTAÀTTCCÀGCTCC _AGTAGCGTAT

AGCÀGCCGCG-GTÀÀTTCCÀGCTCC _AATAGCGTATATT

ÀGCÀGCCGCG- GTAÀTTCCAGCTCC _ AÀTAGCGTATATTÄAè.GTTGT TGCAGTT

- - - - -CCGCG-GTÀÀTTCCAGCTCC _AATAGCGTATATTAÄÄGTTGTTGCAGTT

ÀGCÀGCCGCG-ÀTÀATTCCÀGC T C C _AATAGCGTATATTAAAGTTGTTGCAGTT

ÀGCÀGCCGCG-NNÀÀTTCCÀGC T C C _AAAAGCGTATATTAÀÀGTTGTTGCAGTT

ÀGCÀGCCGCG-GNÀ.ãTTCCÀGC TC C _AATAGCGTATATTAÂAGTTGTTGCAGTT

AGCAGCCGCG-GTÀÀTTCCAGC TC C _ÄATAGCGTATATTAAAGTTGTTGCAGTT

- - - - -CCGCG-GTÀÀTTCCÀGCTCC _AATAGCGTATATTÄÀ.AGTTGTTGCAGTT

-TÀÀTTCCÀGC TC C _AGTAGCGTATATTAÀÀGTTGTTGCAGTT

- - - - - - - - -CGTGTÀTTCCAGCTCC_AGTAGCGTATATTAÀAGTTGTTGCAGTT
AGCÍVGCCG- CGGTÀÀTTCCAGCTCC _AGTAGCGTATATTAAAGTTGTTGCAGTT

ÀGCÀGC - C - GCGTÀÀTTCCAGCTCC _AGTAGCGTATATTAÀAGTTGTTGCAGTT

ÀGCÀGC - CGCGGTÀÀTTCCÀGCTCC _AGTAGCGTATATTAAAGTTGTlGCAGTT

ÀGCÀGC - CGCGGTÀÀTTCCÀGC TC C _AGTAGCGTATATTAAÀGTTGTTGCAGTT

AGCÀGC -CGCGGTÀ.ATTCCÀGC TC C _AGTAGCGTATAT TAÀAGTTGTTGCAGTT

AT
AT

ACCTAT-__GGT
ACCTAT___GGT
ACCTAT___GGT

TC__
CTT_ _

2tt



Table 3.48c; CLUSTAL X (1.64b) multiple sequence alignment of a 490-bp fragment of the

18S rRNA gene in Cøndida and related genera. Highlighted areas are homologous regions

across all aligned sequences. The identities of the isolates assessed is within Table 3.47 p.,209

c1M5 5 52 6
c1M6 03 0 6

CfusCBS6 93 6
ChaemCBS5 14 9
21.A.3
21A.3-4
Cpara6 04
348.1
40F.1
29A.7-6
408. 1
CdubCBST 9 87
CaIbCBS5 62
cdx99399
CaM6 03 02
caA.IO0512 3

CpM60307
crM6 03 0 I
crM5 5 527
CvM60309
34A.4
34A.6
CtropCBS94
CvisCBS4024
CfamCBS940
cqM603 04

GAGG

GAGG

GAC_

GAC_

GAC_

GAT_
GAC-

C

c
C

_C

_TCCTCTTAG_ __--CA.A,TA.A

_TCCTCTTAG_ ____CAATAA

AGCCA-T-------- -- -- -- -TTAT-
AGCCA-T-------- -- - - ---TTAT-

AGCCA-T-------- - - -- ---TTAT-
AGCCA-T- - - - -- - - - - - -- - -TTAT-

cA-T- - - - - - - - - - - - - - -TTAT-
-CCAGC
_CCAGC

IUUUlAUUUA- I -------- -- -- --- r iAi -

TGGGTAGCCA_T_ _ _ __ -- ________TTAT_
TGGCTAGCCA_T_ _ _ _ __---______TTAT_
TGGGTAGCCA_T. - - _ _ _ __ _______TTAT--CCAGC

1LAlLU-- 1 --L f UUgtUi f '

TTCGCCCTl_ _GTGGTGTTT _ _
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Table 3.48d; CLUSTAL X (1.64b) multiple sequence alignment of a 490-bp fragment of the

18S rRNA gene in Candida and related genera. Highlighted areas are homologous regions

across all aligned sequences. The identities of the isolates assessed is within Table 3.47 p.,209

DhX58053
Dhx62649
CkefyrCBSS34
KnX89522
CkeM603 03
Kmx89524
KmX89 523
SCVO 13 3 5

Sc.f 013 5 3

ScerATCC2 6 0 1

Cgx5183 1

TsM60311
CkrM603 05
ckrM55528
Cnorv65 64
CneoneoCBS 1 3 2

cneog62 8 9

Cn-145 5 62 5
FnX60183
CnLO542 8

CnLO542l
Tcx60182
1413 0

GAC_ lgLLi - i ILGLLLf f --UlUUf Uf 1 f -
lüLLt- I tLGLLLl 1 --UlUUf U1 1 f -
AACCTTGTACTCCTT _ _ GTGGGTGCA_
Ä.ACCT _GTACTCCTT _ _GTGGGTGCA_

lüuL f -uf â! f Lu f f --þtuþþf Guå-

/üLL 1-U1AL 1LL 1 1- _G1ÚGUl ULA-

lüLU f -Uf å! f !u f I --u tuuul uLå-

lüUUf - f UåUf U! I i --biUUL iL j j -
&LUf - f uåuf Luf I --uf uuL f L f I -
lüLLl - lunuf ULf f --UIGUL iUf f -
AACCC _ CAAGTCCTT _ _GTGGCTTGGC

AÀCCC _ CAA.GTCCTT _ _GTGGCTTGGC

ASCC -- --- --- - - - - - -- ---TCGG-
AGCCC- - - - - - -----------TCGG-
AGCCTCCCCT_ _ _ ___ _____GTGGGC

ATGCTCTTT
åfGLtLtit

ATGCTCTTT
AfuutLf i I

ATGCTCTTT

Af fbuufbfuf

GTTTTC

GTTTTC

GAÄTGC_
TTG__

fLff---

fL11---

1L1f---

******************

2t3



Table 3.48e; CLUSTAL X (1.64b) multiple sequence alignment of a 490-bp fragment of the

18S rRNA gene in Candída and related genera. Highlighted areas are homologous regions

across all aligned sequences. The identities of the isolates assessed is within Table 3.47 p.,209

c1M5552 6

c1M603 06
ClusCBS6936
ChaemCBS5 14 9
27A.3
27A.3-4
Cpara604
348.1
40F.1
29A.r-6
40E. 1

CdubCBST 9 87
CalbCBS5 62
cdx99399
caM6 03 02
caAJO0512 3

CpM60307
crM6 03 08
crM5 5 52 7
CvM60309
34A.4
34A.6
CtropCBS94
CvisCBS4024
CfamCBS9 40
CgM6 03 04

2r4



Table 3.48f; CLUSTAL X (1.64b) multiple sequence alignment of a 490-bp fragment of the

18S rRNA gene in Candi.dø and related genera. Highlighted areas are homologous regions

across all aligned sequences. The identities of the isolates assessed is within Table 3.47 p.,209

Dhx58053
Dhx62649
CkefyrCBSS34
KiûX89522
CkeM603 03
KÍtX.99524
KmX89 523
ScVO13 3 5

ScJO1353
ScerATCC2 601
c9X51831
TqM603 11
CkrM60305
CkrM55528
Cnorv6 5 6 4
CneoneoCBSl3 2

Cneog62 8 9

CnM5 5 62 5
FnX60183
CnLo542 I
CnLj542'7
TcX60182
1413 0

********** **********
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Table 3.489; CLUSTAL X (1.64b) multiple sequence alignment of a 490-bp fragment of the

18S rRNA gene in Cøndida and related genera. Highlighted areas are homologous regions

across all aligned sequences. The identities of the isolates assessed is within Table 3.47 p.,209

c1M55 52 6
c1M6 03 0 6

C1usCBS693 6

ChaenCBS5 14 9
2LA.3
21A.3-4
Cpara 6 0 4
2/Þ 1

40F.1
29A.1--6
40E.1
CdubCBST9 8 7

CalbCBS5 62
cdx99399
CaM60302
CaAJ0 0 512 3
CpM60307
ctM60308
crM55527
CvM60309
34A.4
34A.6
CtropcBS94
CvisCBS402 4

CfamCBS940
CgM603 04

2r6



Table 3.48h; CLUSTAL X (1,.64b) multiple sequence alignment of a 490-bp fragment of the

18S rRNA gene in Candi.da and related genera. Highlighted areas are homologous regions

across all aligned sequences. The identities of the isolates assessed is within Table 3.47 p.r209

Dhx58053
DhX62649
CkefyrCBSS3 4
KmxS 952 2
CkeM60303
KmX89524
Kmx89523
ScVo 13 3 5

Sc,f 013 5 3

ScerATcc2 6 0 1

cgx5183 1

T9M60311
CkrM60305
CkrM5 5 52 8
Cnorv6 5 6 4

CneoneoCBSl32
Cneog6 2 8 9

cn-1455625
FnX60183
CnLO5428
CnL05421
TcX60182
1413 0

2r7



Table 3.48i; CLUSTAL X (1.64b) multiple sequence alignment of a 490-bp fragment of the 18S rRNA gene in

Candi.dø and related genera. The nucleotides in bold represent the reverse primer binding site and the highlighted

areas are homologous regions across all aligned sequences. The identities of the isolates assessed is within Table

3.47 p.,209

c1M55526
c1M60306
CfusCBS6936
ChaemcBS5 149
2IA.3
21A.3 - 4
Cpara604
348.1
40F.1
29A.1--6
40E.1
CdubCBST 9 87
CalbCBS5 62
cdx99399
caM6 0 3 02
Ca4,J00512 3

CpM60307
crM603 0 8

crM5 5 52 7

CvM60309
34A.4
34A.6
CtropcBS94
CvisCBS4 02 4
CfanCBS940
CgM603 04

AGT

ATT

ATT

ATT
ATT

A1 I

ATT
ATT
ATT

ATT
ATT
ATT

-tLtfi

-1Ltrt

_ GGGTTC TGGGGGGÀGTÀT -GGTCG-
-GGGT------
_ GGGTTCTGGGGGGAGTÀT-GGTC -C
_GGGTTCTGGGGGGÀ-T-TT- _ _ _ _ _

_ GGGTTC TGGGGGGAGTÀT - GGTCGC
_GGGTTCTGGGGGGAGTAT-GGTC - -
_ GGGTT CTGGGGGGAGTAT- GGTCGC
_GGGTTCTGGGGGGA-TÀT-GGTC -C
_ GGGT TC TGGGGGGA- TÀT - GGTC - C
_GGGlTCTGGGGGGAGTÀT-GGTCGC

GGGGTTC TGGGGGGÀGTAT - GGTCG
_ GGGTTC TGGGGGGÀGTÀT -GGTCG _

_GGGTTCTGGGGGGÀGTAT-GGTCG-
_ GGGTTC TGGGGGGÀGTÀT - GGTCG_

- GGGTTCTGGGGGGÀGTAT-GGTCG_
_GGGTTCTGGGGGGAGTÀT-GGTCG_

_GGGTTCTGGGGGGÀ- TTT-GGTC _ _

_GGGTTCTGGGGGGÀÀTÀT-GGTC -C
_GGGTTCTGGGGGGAGTAT-GGTCG_

-GGG-------

-GGG-------
_ GGGTTCTGGGGGGÀGÎAT-EGTCG_

_ TCTTT _ GGGTTCTGGGGGGAGTAT-GGTC -C
- TCTCT _ GGGTTCTGGGGGGÀ-TÀT-GGTC -C

***********

I f uf l
f f uf f

TTGTT

TTGlT
TTGTT

TTGTT

2t8



Table 3.a8j; CLUSTAL X (1.64b) multiple sequence alignment of a 490-bp fragment of the 18S rRNA gene in

Cand.i.da and related genera. Nucleotides in bold represent the reverse primer binding site and the highlighted

areas are homologous regions across all aligned sequences. The identities of the isolates assessed is within Table

3.47 p.,209

DhX58053
DhX62649
CkefyrcBSS3 4

Kmx89522
ckeM60303
KmX89524
KmX89523
ScVO 13 3 5

Sc,J013 53
ScerATCC2 601
CgX5Lg31
r9M60311
CkrM6 03 0 5

CkrM5552 8

Cnorv65 64
CneoneoCBS 1 3 2

Cneog62 89
cnM5 5 62 5
FnX60183
CnL0542 8

CnLj542'7
Tcx60182
L4L30

111tLlU--

TTT _ GGGTTCTGGGGGGAGTÀT-GGTCG_
GGTCG_

TTT _ GGGTTCTGGGGGGAGTAT-GGTC _ _

GGGTTCTGGGGGGAGTAT - GGTCG_

GGGTTCTGGGGGGÀGTAT - GGTCG-
GGGTTCTGGGGGGAGTÀT- GGTCG-
GGGTT C TGGGGGGAGTÀT - GGTCG_
GGGTT C TGGGGGGÀGTÀT - GGTCG_
GGGT T C TGGGGGGA.ATÀT - GGTC - C
GGGTTC TGGGGGGAGTÀT -GGTCG _

GGGNTCTGGGGGGAGÎAT-GG_ _ _ _

TTTTGGGTTC TGGGGGGAGTÀT -GGTC - G
_ _TTT CGGGTTCTGGGGGGA-TÀTTG-TCG
TCTTT _GGGTTCTGGGGGGA-T-TTGGTC -C

GGGTTC TGGGGGGÀGÎAT -GGTCG-
GGGTTC TGGGGGGAGTÀT -GGTCG _

GGGTTC TGGGGGGÀGTÀT - GGTCG_
GGGTTC TGGGGGGÀGTÀT - GGTCG_
GGGTTC TGGGGGGAGTÀT -GGTCG_
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Species Number of
sequences

analysed

Number of
mismatches and

insertions/
deletions or indels

Number of
ambiguous

sites

Sequence
lengths (bp)

C. albicans J 0 0 513

C.lusitaniae 3 I 5 505

C. parapsilosis 2 aJ 3 515

C. dubliniensis 2 2 0 514

C. tropicalis a
J 1 1 512

C. viswanathii 2 0 0 507

C. kelyr 5 -t 5 528

S. cerevisiae Ĵ 1 0 525

C. slabrata 2 J 6 525

C. krusei 2 2 6 443

Cr. neoformans 6 Ĵ 0 515

T. beigeliil
r4t30

2 8 0 416

C. famatal
D. hansenii

a
-) 15 0 529

C. guilliermondiil
D. hansenii

J 7 I 523

Table 3.49; Details of the sequence variation at the 490-bp fragment of the 18S rRNA

gene within medically important Candida species and related genera
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T. glabratct

C. haemulonii

C. lusitaniae

C- Iusitaniae

C. 100

S- cerevisiae
S. cerevisiae

K. nntxianus
100

93

K. ntarxianus

00
96

5l
51 100

6l
C.

K.

C. kefyr r00
C. lusitaniae

C. norvegensis

91

C. kru.rei C. krusei

t4t
100

T. cutaneum

100
C. neofornans

tteofonnans

99

C. neofonnans

0.1 substitutions/site

Figure 3.19a; Unrooted consensus tree of the phylogenetic relationships derived from

18S rRNA sequence comparisons for medically relevant Candidø species and related

genera

l; This clade contains all of the C. albicans, C. dubliniensis, C. tropicalis, C. famata, C.

viswanathii, C. guilliermondü, C. parapsilosis and D. hanset?ii sequences assessed.

These isolates were assessed independently to clarify their close genetic relationships,
which is represented in Figure 3.19b (p.,229).
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348.1

Cpara604

40F.1

29A.1-621A..3

40E.1

CtM60308
CaM60302
Ca4J005123

CvisCB54024

CfamCBS940

CtropCBS94

CpM60307 344.6 34¡.4

crM55527

Drú62649

Dhx58053

CgM60304

0.01 substitutions/site

Figure 3.19b; Phylogram from the reanalysis of the partial 18S rRNA gene sequence of

closely related isolates within the clade of Figure 3.19a (p.,221)

4

222



53

16

47

82

21

CfamCBS940
CtropCBS94
CvisCBS4024
344.4
344.6
CvM60309
CparaCBS604
214.3
274.3 4
40F.1

348.1
CdubCB37987
cdx99399
40E.1
294.1-6
CalbCBSS62
Ca4J005123
CaM60302
CpM60307
crM60308
ctM55527
C9M60304
Dhx62649

19

12
71

4094

15

28

19

44
x58053

80 57

50

61

CkefyrCBSS34
KmX89523
KmX89522
KmX89524
CkeM60303
ScerATCC2601
ScVO1335
ScJ01353
TgM6031 1

C9X51831
ChaemCBS5149
ctM60306
ClusCBS6936
crM55526
CnorvCBS6564
CkrM60305
CkrM55528
CnM55625
CneonCBSl32
CneogCB56289
FnX60183
CnL05427
Cn105428
14130
TcX60182

51

96

93

100

100
1

91

99
99

96
100

Figure 3.L9c; Bootstrap values for the phylogenetic relationships based on a fragment

of the 1SSrRNA gene obtained by maximum likelihood analyses from five-hundred

replicates

Bootstrap values (denoted under each branch) exceeding 75 indicate that the branch has strong
statistical support.
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3.5.3.d Interpretation

The 490-bp fragment of the 18S rRNA gene is relatively conserved within a species but

variable between species, as was the case for the complete 18S rRNA gene sequences in

Section 3.5.2 (p.,201). The phylogenetic analysis included a number of sequences for many

of the species examined and an increased number of species in comparison with the

sequence data of the entire 18S rRNA gene. It is important to note that the inclusion of

additional taxa did not alter the general genetic relationships between Candicla species nor

related genera; the ascomycetes and basidiomycetes were easily differentiated and the four

major ascomycete lineages were maintained. These results suggest that it may not be

necessary to sequence the entire 18S rRNA gene to obtain phylogenetic information for

Candida species. However, using only the 490bp fragment of the 18S rRNA gene

sequences resulted in the relationships of some Candida species being unresolved, such as

of C. tropicalis, C. parapsilosis and C. viswanathii; C. albicans, C. dubliniensis and C.

parapsilosis. The bootstrap values for this analysis were again strong for the separation of

ascomycetes and basidiomycetes and for the branches within the basidiomycetes (Figure

3.19c p., 223). The support was also strong for the association of isolates 14130 and T.

beigelíi, an identity corroborated by the use of allozyme electrophoresis and traditional

diagnostic characters. The relative positions of C. krusei and C. lusitaniae were different

when analysing the complete and partial 18S sequence data. In both analyses, the most

basal branch had the strongest support, but the relationship between the two species and the

rest of the Candida genus was less supported. The branching order may have been affected

by the addition of other Candida species associated with these branches in this analysis.

The two clades containing S. cerevisiae and C. albicans had good support in this analysis, as

with the analysis using the complete 18S gene. However, the bootstrap values between

species within clades in this analysis were not as high. This result suggests that the 490bp

fragment of the 18S rRNA gene is not as phylogenetically informative within the four major

Candida branches.

As has been shown in previous subsections, the relationships between the species

currently examined conflict with traditional taxonomy. This may indicate that the 18S

rRNA gene used in isolation is not discriminatory enough for accurately assessing genetic

relationships between closely related species of Candida.
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3.6 Genetic ønalyses using ITS1,5.8S rRNA, ITS2

sequences

The following subsection is an analysis of sequence variation in the ITSI and 2 regions

of the rRNA gene region within Candida and related genera. This method was arbitrarily

chosen because it had been suggested as epidemiologically informative. However, since the

present evaluation, a number of other methods have been suggested as potentially more

discriminatory within Candida species. Nevertheless, the general approach used in this

Section could be applied for the evaluation of any of the traditional or contemporary

epidemiological methods available.

3.6.1 Epidemiological utility of 5.85 nRNA, ITSI end ITS2 sequences

3.6.1.a Background

According to the literature, the internal transcribed sequences of the rRNA gene region

are more variable than the coding regions. Therefore they have been suggested as potential

targets for the design of molecular epidemiological tools (eg., Lin et al. 1995). The 5.8S

IRNA gene situated between the ITS regions is coding unlike the two ITS flanking regions.

This means that sequence variation within the 5.8S gene region is more strictly controlled.

In this study it is used as an anchor for aligning the more variable flanking ITS regions.

The aim was;

. to assess the utility of the ITS regions of the ribosomal RNA gene

region for detecting intraspecies variation and its potential for use

in ep idemiolo g ic aI inv e sti g ation s.

3.6.1.b Materials and methods

The specific protocol for this analysis is outlined in Chapter 2 (p.,47). The two primers

of White et al. (1990) were used to assess the variability of these regions across the range

of type and reference strains that had been used previously in the allozyme electrophoretic

analyses plus an additional four C. albicans strains and one C. dublinierzsis clinical strain

(Table 3.50 p.,227).
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3.6.1.c Results

Alignments of the sequences using Clustal X are presented in Table 3.51a-g (p.,228-34).

The sequences were homologous at 50 of 456 bases compared, indicating a high degree of

variability between species of Candida and related genera. Unfortunately, as is evident

from the diverse branching pattern within Candida species in Figure 3.20a (p., 236), the

sequences are too variable to be used for phylogenetic investigations. However, as was

observed from the 18S rRNA gene sequence analysis, there is a high degree of sequence

conservation in this region within Candida species (Table 3.52p.,235).

As with the 18S rRNA analyses, Candida species and clinical strains were located in the

same clade. Of clinical significance, the isolates from patients were positioned in clades

comprising either C. albicans or C. dubliniensis. The ascomycetes and basidiomycetes were

genetically different, but they did not form distinct lineages. As had been noted using the

18S rRNA sequence data, there were four main lineages within the ascomycetes; C. krusei

and C. norvegensis, C. lusitaniae and C. haemulonii, C. kefyr, C. glabrata and S. cerevisiae

and a large clade containing C. albicans, C. dubliniensis, C. viswanathii, C. tropicalis, C.

stellatoidea, C. famata, C. guilliermondii and C. parapsilosis. The close genetic

relationships within this large clade were then analysed independently to clarify them

(Figure 3.20b p.,237). This allowed the distinction of each of the Candida species within

the clade and the more evident association of the clinical strains with the C. albicans and C.

dubliniensis clades. This sequence appears species diagnostic allowing grouping of

Candida species, but there is too little variation within Candida species for it to be

epidemiologically informative. Conversely, there is too much genetic variation between

Candida species and related genera for the 5.8S rRNA and flanking nS gene sequences to

be used independently for phylogenetic investigations as is evidenced by the number of

branches with lower bootstrap values.
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Table 3.50; Details of the sequences and isolates used to assess the phylogenetic utility

of the 5.8S rRNA gene and flanking ITS1 and 2 regions of the ribosomal RNA gene

Species Strain

C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. dubliniensis
C. dubliniensis
C. stellatoidea
C. tropicalis
C. tropicalis
C. viswanathii
C. guilliermondii
C. guilliermondii
C. famata
C. glabrata
C. glabrata
C. kefyr
C. kefyr
C. haemulonii
C. lusitaniae
T. beigelii
Cr. neoþrmans Yar. neoþrmans
Cr. neoþrmans var. gattii
C. norvegensis
C. krusei
C. krusei
S. cerevisiae
C. parapsilosis

clinical

C.

clinical
clinical
clinical
CBS562
clinical

CBS7987
?"

?

CBS94
CBS4O24
CBS566

?

CBS94O
CBS138

?

CBS834
?

CB55149
CBS6936
CB52466
CBS132
CBS6289
CBS6564
CBS573

?

ATCC26lO
CBS604

?

a; Sequence refers to the code used for this sequence analysis and corresponds to the codes used in Table 3.51
(p.,228-34) and Figures 3.20a-c (p., 236-8).
b; Strain refers to the isolate from which the sequence was obtained.
c; - refers to sequence obtained in this thesis and not lodged on Genbank.
d; Clinical refers to a clinical strain not lodged in a culture collection.
e; ? strain refers to the sequence being obtained from an unspecified strain.

Genbank Accession number Sequence
a

IAlITO

IA7IO8

rA7to]

IA]II3

c

rAltt4
rAltt2

rAtt09

U484
127t6
r8521
r7640
Cal

r5526
Cdu
lCst
lCtr
Ctr
Cvi
cgu
lCgu
Cfa
cgl
lCgl
Cke
lCke
Cha
Clu
Tbe
Crnn
Crng
Cno
Ckr
lCkr
Sce
cpa
lCpa
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Table 3.51a; CLUSTAL X (1.64b) multiple sequence alignment of the 5.8S rRNA gene and flanking ITS1 and ITS2 regions of

the ribosomal RNA gene in Cand.ida and related genera. Nucleotides in bold represent the forward primer binding site and

highlighted areas are homologous regions across all aligned sequences. The identities of the isolates assessed is within Table

3.50 p.,227

18S rRNA ITSl

cgu
lCgu

cpa
lCpa
L] 640
L21 76
r1 484
r8527
Ca1
lCal
Cdu
75526
lCst
Ctr
lCtr
Cvi
Crnn
Crng
Tbe
Cha
Clu
Ckr
lCkr
Cno
Cke
lCke
Sce
cs1
lCgl

_ _TTCN_ G_TAGGTGÀÀC _ TGCGGAAGGAT _ _ CA

- _ -TCC _ G_ TAGGTGÀACCTGCGGAAGGAT _ _ CA

- _ _ _ _ TGGGAÀÀGTÀÀ.à.èGTCGTÀÀCÀÀGGTTTCC _G_TAGGTGRACCTGCGGAAGGAT _ _CA
_ _ _ _AGTGCTTÀACTGC- - - - _ _ATTTTT_T

_ _ _ _ _ _ _ _ _ _lt:1:::lÏ::å:iffi:ffi:ffi:*träi:i_:_iî33i3ffi: _i3:33ffi33ä_ _3îii

;;;;;- -;;;;;ä::-3-;î3:i3ffi::i3:33ffi33îi- -:ffi i
GTGAAC _TGCGGAAGGATCATÎAGÀGÀTTÀTGÀÀTGÀÀTAGATTGC _ _ AÄ_ TTGCGCGGCCAGTTCTTGATTCTCTGCTATCAGTTTT
_ _GA.ACCTGcGGAAGGATCATTÀÀÀGATTÀTGÀGTGÀÀTÀGATTAc_ _ _TGGGGGA.ATCGTCTGÄÄCAAGGCCTGCGdITAA_TTGCGCGGNCAGTTCTTGATTCTCTGCTATCAGTTTT

::l::::11ï:l::::::t:iiï1iffiiiäË:äiffiiii:Tr::iîäå;:ffi:å:ä3åîåEåTt__;"iÎffi:ffiiiitri;;tiåî3åE;;ffiäîää:î3iäT:ffiäå:
__-TCC-G_TAGGTGAACCTGCGGAAGGAT- -CATTATAGAÄ_ _TGGCTTGATTTGTCTGAGCTCGGAGAGAGACATCTC

I

TTCTTTTGCCAGCGCTTAACTGCGCGGCGAÀÀÃA_ _ C

TTCTTTTGCCAGCGCTTAACTGCGCGGCGNAAAAA- C
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Table 3.51b; CLUSTAL X (1.64b) multiple sequence alignment of the 5.8S rRNA gene and flanking ITS1 and ITS2 regions of

the ribosomal RNA gene in Candida and related genera. Highlighted areas are homologous regions across all assessed

sequences. The identities of the isolates aligned is within Table 3.50 p.,227

ITSl

c$r
lCgu

cpa
lCpa
t] 640
721 r6
1-7 484
18521

lCaI
Cdu
1-5526
1Cs t
Ctr
lCtr
uva
Crnn
Crng
Tbe
Cha
Cfu
Ckr
lCkr
Cno
Cke
lCke
Sce
csl
lCgl

_ _ _ _CA- -CAT-GTGT

_ _ _ _CA_ _CAT_GTGT

CTTACA__CACAGTGTCTTTTTGATACAGA.ACTCTT_GCT_TTGGTTTGG_ _ _ _CCTAGAGATAGGTTGGGCCAGAGGTT--TAACAÄA_ _ _ACACÀATTTAÀTT_ _ _ATT_ _ _ _ _TTTA

CTTACA--CACAGTGTCTTTTTGATACAGAACTCTT_GCT_TTGGTTTGG- - - -CCTAGAGATAGGTTGGGCCAGAGGTT__TÄÀCAAÀ_ _ _ACACAÀTTTAATT_ _ _ATT_ _ _ _ _TTTA

CTTACA--CAÀCGTGT_TTTTTTATTATGAACTATT_ACT_TTGGTCTGG- - - -CTÄÄGÄÄÄTTAGTTGGGCCAGAGGTG_ _ATTTAAA_ _ _CTTCAÀTTTTATTGA_ATTGTTATTTTA

CTTACA__CAT_GTGTTTTTCTTTTTTTGAAAACTTTGCT-TTGGTAGGC_ _ _ _CTTCTATATGGGGCCîGCCAGAGATT__AAACTCA_ _ _ACCAAA.TTTTATT_--- - --- - - _ _T_A

CTTACA__CAT-GTGTTTTTCNTTTATTGTAANCTTTGCT_TTGGTAGGC_ _ _ _CTTCTATATGGGGCCTGCCAGAGATT_ _ANACTCA_ _ _ACCAÀÀTTTTATT___ _ _ _ _ _ _ _ _ _T_A
_ ___CA__CAT-GTGT-TTTTCTTTGAÀACAÄ.ACTT_GCT_TTGGCGGTG- - - -GGCC-CAG- -CCTGCCGCCAGAGGTC_TÄÀACTTAC_ÀACCA_ATTTTTTA_ _ _ _ _ _ _ _ _ _ _ _TCA

_GCT_TTGGCGGTG- - - -GGCC-CAG_ _CCTGCCGCCAGAGGTC_TAAÄ.CTTAC_ÀACCA_ATTTTTTA____ __ _ _ _ _ _ _TCA

- - _ _CA_ _CAT_GTGT_TTTTCTTTGAAACAAACTT-GCT-TTGGCGGTG_ __ _GGCC_CAG_ _CCTGCCGCCAGAGGTC_TAAACTTAC-AÄCCA-ATTTTTTA________ _ __ _TCA
_GCT_TTGGCGGTG_ _ _ _GGCC_CAG_ _CCTGCCGCCAGAGGTC_TÀA¿.CTTAC_ÀACCA_ATTTTTTA_ _ _______ _ _ _TCA

_ _ _ _CA_ _CAT-GTGT-TTTTCTTTGAÃACA.AACTT_GCT_TTGGCGGTG_ _ _ _GGCC_CAG- -CCTGCCGCCAGAGGTC_TÄÄACTTAC_AACCA_ATTTTTTA__ _ _ _ _ _ _ _ _ _ _TCA
_ _ _ _CA_ _CAT_GTGT_TTTTCTTTGÄAACÄAÄCTT_GCT_TTGGCGGTG_ _ _ _GGCC_CAG_ _CCTGCCGCCAGAGGTC-TAÃACTÎAC_AACCA_ATTTTTTA__ ___ __ _ __ _ _TCA

- - - -CA__CAT_GTGÎ_ÎTTGTTCTGGA_CAAACTT-GCT-TTGGCGGTG___ _GGCCCCTG_ _CCTGCCGCCAGAGGACATAÀACTTAC_AACCAÃÀTTTTTTA_ _ __ _ _______TAA
_ __ _CA__CAT-GTGT-TTTGTTCTGGA_CÄAACTT_GCT_TTGGCGGTG_-- _GGCCCCTG_ -CCTGCCGCCAGAGGACATAÀÀCTTAC_AACCAÄÄTTTTTTA__ _ _ ____--_-TAÄ
_ _ _ _CN_ _CAT_GTNN_TTTGTTTTGGG-CGAÄCTT_GCT_TTGGCGGTG_ _ __GGCCTCTA_ _CCTGCCTCCAGAGGACATÀNACTNAC_AGCCAGATTTTTTA_ __ _________TAA
_ _ _ _CA_ _CAT_GTGT-TTTTTATTGAA_ _CAAAÎT_TCT_TTGGTGGCG__--GGAGCAA--TCCTACCGCCAGAGGTT_ATAACTAA_ _ _ACCAAACTTTTTA_ _ - _ __----__TTT
- - --CA- -CAT-GTGT_TTTTTAITGAA_ _CAAATT-TCT-TTGGTGGCG___ _GGAGCAA_ _TCCTACCGCCAGAGGTT_ATAACTAA--_ACCAÃACTTTTTA___ __ __ _____TT1

- - -_CA__CAT_GTGT_TTTTTACTGGA__CAGCTG--CT-TTGGCGGTG_ _ _ _GGGACTCGTTTCCGCCGCCAGAGGTC_ACÄACTAA-- -ACCA.AACTTTTTA_________ ___TTA
_ _ _ _ _A_ _CTT__TGGTCCATTTATCTACCCATCTACACC_TGTGAÀCTG____TTTATGTG_ _ _CTTCGGCACGTT_ _T-TACACAÃAC_TTCTAÀÀTGTAÀTG_ _ _ __ _ ____ ___ _A
_ __ _ _G_ -CTT- -CGGTCCATTTATCTACCCATCÎACACC_TGTGAACTG----TTTATGTG- - -CTTCGGCACGTT_ _T_TACACAÀAC_TTCTAAÀTGTAATG_ _ _ ______-----A

_-__-l--:T:--l:T::T1ïffi:iT::åffiäå:l!î_lîiîäîiî_-_-lÏffiH8å;;:T::3;iffiiT8il-TTliiïi-ii---]ffffffiiî--------------i
_- -ACACA- _CTGTTT_ _ _ ___TTGCGAA_ _ _ _ _ _CAAAAAAATAAATCTTTTA-TTC_ _ _ _ _ _ _ _ _ _ _ _ _ _G_ _ _ _AÀTTTCT____
_TACTACA_ _CTGCGT_ _ ____GAGCGGA-- - - -ACG.A.A.A.A,CAACA,CCACCTAAAÄ,TG_T_GGAATATA_ __GC_ATATAGTCGA_--__-_-__ _ _ _CA

-------;;;-------;;;iåiÏå8å--3ä3EEi------3î3:3:î;----ffi:ffiî:ffiffi3î33ffiffiä3;i-3iääåäî---Ei-îäilffi8îi-------------:î
CTATTT_ _CTCATCCTAAACACAATGGAGATTTTTTCTCT-ATGA.ACTACTTCCCTGGAGAGClCGlClCTCCAGTGGACATAAACACA--AACAATATTTTGTATT_ATGAA_____AA

CTATTT- -CTCATCCTÀAACACAATGGAG_TTTNNTCTCT_ATGAACTACTTCCCTGGAGAGCTCGTCTCTCCAGNGGACATAAACACA__A.ACAATATTTNGTATT_ATGAÀ_____AA
AACACA_ _CTGTGGRGTTTTTATATCTTTGCAACTTTTTC-TTTGGGCTG____TCGAGCAÀTCGGAGCCCAGAGGT.AÀCA.AACACAÄAC_AÀTTTTATTTATTCATTAAATTTTTGTCA

TGGGGAGGACCAGTGTAGACACTCAGGAGGCTCCTAÀAATATTTTCTCTGCTGTGAÀTGCTATTTCTCCTGCCTGCGCTTAAGTGCGCGGTTGGTGGGTGTTCTGCAGTGGGGGGAGGGA
TGGGGAGGACCAGTGTAGACACTCAGGAGGCTCCTA.AÀÀTATTTTCTCTGCTGTGAÄTGCTATTTCTCCTGCCTGCGCTTÄÄGTGCGCGGTTGGTGGGTGTTCTGCAGTGGGGGGAGGGA
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Table 3.51c; CLUSTAL X (1.64b) multiple sequence alignment of the 5.8S rRNA gene and flanking ITS1 and ITS2 regions of

the ribosomal RNA gene in Candída and related genera. Hightighted areas are homologous regions across all aligned

sequences. The identities of the isolates assessed is within Table 3.50 p.,227

ITSl 5.8S IRNA

CA

CA
að

cgu
lCgu

cpa
lCpa
77 640
L27 t6
1-1 484
1-8521

1Ca1
Cdu
75526
lCs t
Ctr
lCtr
Cvi
Crnn
Crng
Tbe
Cha
Clu
Ckr
lCkr
Cno
Cke
lCke
Sce
csl
1Cq1

_CAGTTAGTCAAATT_ _ _ _ _TTGAATT_ _ _ - _ _AÄTCTTC_
_CAGTTAGTCÀAATT_ - - _ _TTGAÄTT_ _ _ _ _ _AATCTTC_
_ATTTTTGTCAATTTGTTGATTAÀÀTTCÂÄÄÀCAATCTTC _

_ATGTCAACCGATT_ _ _ _ _ _ _ _ _ATTT_ _ _ - - _AÀTAGTC _ AC

-ATGTCACCCGATT--- ------ATTT------A-ATAGTC-AIAA- - -AC
-ACTT - -crcAcACC - - -AGATTATTACTT - - -eeraerc -eha- - -ac
-ACTT--crcACACC---AGATTATTACT----¿ereerc-ehe--
-ACTT- -crcACAcc- - -AGATTATTACT- - - -aaraerc-¿lee- -
-ACTT- -GTCACACC- - -AGATTATTACT-- - -.AÀTAGTC-AìAÄ- -
-ACTT- -GTCACACC- - -AGATTATTACTT- - --AATAGTC-A+\A- -
-ACTT- -GTCACACC- - -AGATTATTACT- - - -ÀÀTAGTC-ÄlAA- -
_ACTT_ _GTCACG_ _ _ _ _AGATTATTTTT_ _ _ _AATAGTC-AIAA_ _

-Acrr- -crcACG- - - - -AGATTATTTTT- - - -eeraetc-¡he- -

AC
AC

-ACTT- -crcACN- - - - -AGATTATTTTT-- - -eereerccñee- - -
-ACA- - -crcAAaCT- - -rcArrrATTATTA-caÄreetc-¿lee- - -
-ACA- - -GTCAAACT- - -TGATNTATTATTA-CAÀTAGTC -AÍ\TA- - -
-ccA-- -GTCAÀCCA- - -TACGTTTT-- -- ---AATAGTC-ÄiAÀ- - -
-ATG - - - -TA-ATCAT - - - - -ATTATAÀC - - - - -AATAAT - -AlAÀ- - -
-ATG- - - -TAATCTT - - - - -ATTATAÀC - - - - AÂTAAT - -AIAA- - -
-ACG----TCATGTT--- --ATTATAAc-----aeeeat- -el- - - - -

AAÀ A C_

---TAÀ------- TATC
-AGA _GA.AÀ ___ ACGA.AÀ ____A.ACA,AAC_
_AGA __GAAATCT _ACGANA

_GAGAAGA AA AAAC
_ACTATTATTATACT_ _ _ _ _ATAAÄÀTTT_ _ _ _AATATTC_AIAA-
_ACTATT_ _ _ATACT_ _ _ _ _ATAAAATTT_ - _ _AATATAC
_ÀÄÀACÄAGÄ.AT T TT CG TAAC TGGÄÀATTTTAAAAATATT

A

GCCGACAAAGACCTGGGAGTGTGCGTGGATCTCTCT
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Table 3.51d; CLUSTAL X (1.64b) multiple sequence alignment of the 5.8S rRNA gene and flanking ITS1 and ITS2 regions of

the ribosomal RNA gene in Candida and related genera. Highlighted areas are homologous regions across all aligned

sequences. The identities of the isolates assessed is within Table 3.50 p.r227

I

5.8S rRNA ITS 2

-UNU I

-!IU1

-ut t i
-ut f I

-UTUT
-!fç1

LLIUI

CCTTT
CCTTT

çLILI

CCTCT
CCTCT
CCTCT
CCTCT

!Ll I I

CCTTT
TCTCT

cgu
lCgu

cpa
lCpa
L't 640
L21 76
1-'7 484
r8521
Caf
lCaf
Cdu
15526
1Cs t
Ctr
lCtr
Cvi
Crnn
Crng
Tbe

Clu
Ckr
lCkr
Cno
Cke
lCke
Sce
Cgl
lCgl

GCAGA _ _GGGTTTGGTAT_ _TG_ _

--úbGf11bG1ú1--1U--

TA

GCAGATA

GCAGATA

--uuufftbufbi--fg--
_GGGTTTGGTGT_ _TG_ _

GCAGAT
GCAGAT
GCAGAT

A
A__GGGTTTGGTGT__TG_ _

_ _ _GGGTTTGGTGT _ _TG_ _

TGA+UU\TCTCfu\TCCCTC _ _ _GGGTTTTATTACCTG_ _

TCA
TCTC-------
CCTCTA_ -

TCTTGCGCGTGCGCAGAGTTGGGGGAGCGG_ _

TCTTGCGCGTGCGCAGAGTTGGGGGAGCGG _ _
GCAGCCA
GCAGCCA
GCAGCCA

GCAGATNT

_ _AGAGTTGGGGTTGCC _ _ _

---buul 1 1uulåufuåutb

AGTGAGTGATAC

AGTAGAAAACA

23r



Table 3.51e; CLUSTAL X (1.64b) multiple sequence alignment of the 5.8S rRNA gene and flanking ITSI and ITS2 regions of

the ribosomal RNA gene in Candída and related genera. Hightighted areas are homologous regions across all aligned

sequences. The identities of the isolates assessed is within Table 3.50 p.r227

ITS2

Cgßr

lCSu
LLd

cpa
lcpa
1-1640
1-2'7 1-6

7t 484
L8521

Cdu
75526
1Cs t
Ctr
lCtr

Crnn
Crngr
Tbe
Cha
Cfu
Ckr
lCkr
Cno
cke
lCke

csl
1Cg1

--A__GTGATACTCTTAGTC_GGACTAGGCGTTTGCTTGAÄAA_ _GTATTGGCATGGGTAGTACTG_GATAGTGCTGTC_ _GACCT_ _ - - - -CTC_ÄATGTATTAGGTTTATCCAACT_C
- -A__GTGANACTCTTAGTC_GGACTAGGCGTTTGCTTGAÀÀÀ__NTATTGTCATGGGTAGTACTA_GATAGTGCTGTC__GACCT--. - - -CTC_ÄÀTGTATTAGGTTTATCCAÀC1_C
--A--GTGATACTCTTAGTC_GAACTAGGCGTTTGCTTGAÀÀT_ _ATATTGGCACGAGTAGTGÎîG_AÀCAGTGTTGTC__TGAAC- - - - - -ATC_AÀTGTATTAGGTTTATCCAÀCT_C
- -A- -GCGATACGCT__ _ _ _ _ ____ ---GGGTTTGCTTGA.A.A____ ____G.A.A.AGGCGGAGTAT_ ___AAÀCT__ __ _ _ _ _ _ _ _ _ÀATGGAT_AGGTTTTTTCCACT_C
__A_ _GCGATACGCT- - - _ _ _ _ _ _ _ _ _ _GGGTTTGCTTGAAA-_______GAÀÀGGCGGAGTAT_ - - -AÄÀCT_ _ _ _ _ __ _ _ _ _ _AÀTGGAT-AGGTTTTTTCCACT_C
_ _ÄÀ_GCAATACGACT- - - - _ - _ _ _ _ _TGGGTTTGCTTGA.AAG--AC___GGTAGTGGTA_ _AGGC_GGGATCGCTTT_ _ _GA_ _ _ _ __ _ _ _ _ _C_AÀTGGCTTAGGTCTAÀCCAÀAÀA.C

__A_ _GCAATACGACT- - - - _ _ _ _ _ _ _TGGGTTTGCTTGAÀAG--AC___GGTAGTGGTA__AGGC-GGGATCGCTTT_ __GÀÀ__ ________C_A.A,TGGCTTAGGTCTA.A,CCAAAAè.C

--A--GCAAÎACGACT_ _ _ _ _ _ - --- -TGGGTTTGCTTGAAAG__AC---GGTAGTGGTA__AGGC_GGGATCGCTTT---GA-__________C_AATGGCTTAGGTCTAACCAAÄAAC
__A__GCAATACGACT- --__ _ ___ __TGGGTTTGCTTGAÃ.AG- -AC_ __GGTAGTGGTA__AGGC_GGGATCGCTTT___GA__ ___ __ _ _ _ _C_AÀTGGCTTAGGTCTAACCAÀ-AÀAC

__A__GCAATACGACT---________TGGGTTTGCTTGAAAG- _AC_ _ _GGTAGTGGîA_ _AGGC_GGGATCGCTTT_ __GA_ _ _ _ _ _ _ _ _ _ _C_AATGG_TTAGGTCTAÀCCÄAÀAAC
__A__GCAÃTACGACT____------_TGGGTTTGCTTGAAAG_ _AC- - -GGTAGTGGTA_ _AGGC_GGGATCGCTTT_- -GA- - _ _ _ _ _ _ _ _ _C_AATGGCTTAGGTCTAACCAÄÄÄÄC
_ _A__GCAATACGACT--_________TGGGTTTGCTTGAA.AG__AT_ _ _GATAGîGGTATAAGGC_GGAGATGCTT_ __ _GA_ _ _ _ _ _ _ _ _ _ _C_AATGGCTTAGGTGTAACCAAAÄAC

- -A- -GCÃATACGACT_ ___ _ ____ --TGGGTTTGCTTGAÀÀG__AT__ _GATAGTGGTATÄAGGC_GGAGATGCTT_ _ _ _GA-- -- _ __ __ __C_AATGGCTTAGGTGTAACCAÃÄAÄC
_ _A_ _GCÄATACGACT_ _ _ _ __ _ _ _ _ _TGGGTTTGCTTGAÀAG__AT___GATAGTGGTA_-AGGC-GGAGATGCTT_ _ _ _GA_ _ __ __-- ---C-AATGGCTTAGGTGTAACCAÀÀÀÀC
- -A- -GCAÀ.TACGC_ _ __ _ _ _ _ _ _ _ _ -TAGGTTTGTTTGAÀÀG__AA___TTTÄÀ-CGT_ _ _ _G_ _ _GAAACTTATTT_ _ _TA- - _ _ _ _ _ _ _ _ _ _ _AGCGACTTAGGTTTATCCAAAAAC
_ _A_ _GCAANACCC. - - - - - - _ _ _ _ _ _TAGGTTTGTTTGAAAG--A.A___TTTA__CGT_ _ _ _G_ _ _GAAACTTATTT_ _ _TA__ __ __ __ _ _ _- -AGCGACTTAGGTTTANCCAAÀA_C
- -A__GCAATACGC_ _ _ _ _ _ _ - - - - - -CAGGITTGTTTGAAAG__AC__-GT-A- _CGÎ_ _ _ _G_ _ _GAGACT_ATAT- - -TA_ _ ___ ______ ___GCGACTTAGGTTCTACCAAÀA_C
_ _TT_GGACTTGGATTTG_ _ _GGTGTTTGCCGCGACCTGCÄÃ.AGGACGTCGGCTCGCCTTÄ.A.ATGT-GTTAGTGGGAÀGGTGATTA__ __ _ -CCT_GTCAGCCC_GGCGTAATA.AGTTTC
_ _TT_GGACTTGGATTTG- - -GGTGTTTGCCGCGACCTGCAAAGGACGTCGGCTCGCCTTAÃATGî_GTTAGTGGGAAGGTGATTA______CCT_GTCAGCCC_GGCGTAATAAGTTTC.__ _T_GGA_TTGGATTTG_ - -GGCGCTGCCAGTAGCCTG_ _ _ _ _ _ _ _ _ - - -GCTCGCCTTAAAÀGA_GTTAGCGTGTT- - _ _ _TAÀ_ _ _ _ __CTT_GTCTTATCTGGCGTAATAAGTTTC

- - - - - - - -GGATTTGTTTCT- -- --------AÀÀT- ---- - - - ---- - - -ATCAIGCCA- - - - -- ---------C-AGTGAÀGTCTAC--------ALLUf fUUf ----

--- - - - -ACCCCCGGTTA- - - - - - - - - -GGCGTTGCTCCG- - - ------ --AAAT -- - -ATCA.A-CCG- - -- -----------C-GCTGTCAAACAC--
_ _AGCGGACGACGTGTAAÄ.GAGCGTCGGAGCTGCGACTCGCCT_______GAAAGGGAG__--- -C-GA_AGCTGGCC_________-----_-G_AGCGÄÀCTAGACTTTTTTTCAGGG
__AGCGGACGACGTGTÄÄAGAGCGTCGGAGCTGCGACTCGCCT_ _ _ __ __GAÃÄGGGAG__ ___-C-GA-AGCTGGCC_ _ _ ____ _____----G-AGCGÄACTAGACTTTTTTTCAGGG
_ ___ _ _-ACGGCCCGT_ _ _ _ _GCGGCCTGTGTGTGGCTCCCCC_ _ _ __ __GAÃACGGAA_-----C-GGCAGCGGGACT______ __ __-- ---G-AGCG.AAGTACACAA_ _ _ _ _CACTC

ATACTCGTCTCGGGTTAACTTGAAÀGTGGCTAGCCGTTGCCATCTGCGTGAGCAGGGCTGCGTGTC_A.AGTCTATGGACTCGACTCTîGCACATC_TACGTCTTAGGTTTGCGCCAATTC
ATACTCGTCTCGGGTTNACTTGAAAGTGGCTAGCCGTTGCCATCTGCGTGAGCAGGGCTGCGTGTC_GAGTCTATGGACTCGACTCTTGCACATC _TACGTCTTAGGTTTGCGCC.AATTC

TCTTTGGAGTTAACTTGAÀA_TTGCTGGCCTTTTCATTGGATGTTTTlTTTCCA.AAGAGAGGTTTCTCTGCGTGCTTGAGGTATAATGCAAGTACGGTCGTATTAGGTTTTACCAACTGC
_ _ACTTCAAAACTTTCÀÀCAÀ,TGGATCTCTTGGTTCTCGCATC - _GATGAAGAACGCAGCGAÄATGCGATACGTAÀTGTGAATTGCAGAATTCCGTGAATCATCGAÀTCTTTGAACGCAC

- _ACTTCAÀAACTTTCAACÃATGGATClCTTGG_ _ CTCGCATC _ -GATGAÀGA.ACGCAGC
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Table 3.51f; CLUSTAL X (1.64b) multiple sequence alignment of the 5.8S rRNA gene and flanking ITS1 and ITS2 regions of

the ribosomal RNA gene in Candi.dø and related genera. Highlighted areas are homologous regions across all aligned

sequences. The identities of the isolates assessed is within Table 3.50 p.,227

I

ITS2 265 rRNA

cgu
lCgu

cpa
lCpa
1-1 640
L2116
L'7 484
78527

lCaf
Cdu
1,5526
lCst
Ctr
lCtr
ev1
Crnn
Crng
Tbe
Cha
Clu
Ckr
lCkr
Cno
Cke
lCke
Sce
cs1
1Cg1

GTT- - - -GÄÀTGGTGTGGCGGGATATTT- - - - - - -CTGGTATTGTTGGCCCGGCCTTACAACAACCAAACA_ __________
GNT_ _ _ _GAATGGTGTGGCGGGATATTT_ _ _ _ _ _ _CTGGTATTGTTGACCCGGCCTTACAACAACCAÀACA__ _ ________
GTT--- -GATACAGGTGGTACGATTCTT_ - _ _ _ _ _C_ _-_ATT--AGGCTTTGCCTTATAAAÀCACÄåACA_------_-__
ATT_ _ _ _GGTACAAACTCCA_ _AAÀCTT_ _ _ _ _ _ _C_____TT_ _ _ _ _ _ _ _ _ _CCAAA,

ATT_ _ _ _GGTACAAÀCTCCA_ _AAACTT_ _ _ _ _ -_C____ -TT_ _ _ _ _ _ _ _ _ _CCAAA

eccrheeccrc¡¡e
ecrdrcaccrc¡¡¡
aerrþceccrceaa
--rrpcAccrcAÄA
--TTpGACCTCAÃA

IU_AUUIAUUlsI

TC-AGGNAGGAAT
TCCAGGTAGGATT
TC-AGGTAGGACT

f L _åUU fåUUåL J

TC_AGGTAGGACT
TC-AGGTAGGA_T
TC_AGGTAGGACT
f u -âuu fåuuåJ I

TC_AGGTATTACT
1 L _AUU 1 AUUAL A

f u-åuu tHuuAu 1

TC_AGGTAGGACT
1 L -åGb i G 1 UAL 1

f L _åUg I ASGUL f

I L -åUU IåUGåG 1

f L -åuu i ALUå- f

TC_____ATNNÄA
1 1b1AGGLLAlA1

ATT- - --ccrr- --cccc-cccrAGCGT- - - - - --crACCAccrAT-- - - - -ATCTTC- - - -A- - - -ÀAC- - - - - - - - - --- --trheACCTCÄÄATC-AGGTAGGA-T
ATT- - - -GCTT- - -GCGG-CGGTAACGT- _ _ _ _ __CTACCACGTAT__ __ _ _ATCTTC- _- _A__ _ -ÀAC---_---
ATT_ _ _ _GCTT_ _ _GCGG_CGGTÃÄCG1_ _ _ _ _ _ _CCACCACGTAI_ __ _ _ _ATCTIC_ _ _ _A_ _ _ _AÀC____ _ _ _

ATT- - - -GCTT- - -GCGG-CGGTAÀCGT_ _ _ _ _ __CTACCACGTAT_ _-_ __ATCTTC_ _ _ _A- _ __AÀC___-__-
ATT- - - -GCTT-- -GCGG-CGGTÃACGT_ _ _ _ _ __CCACCACGTAT_ _ _ __ _ATCTTC_ _ _ _A_ _ _ _AAC_ _ __ ___
ATT- - --GCTT- - -GCGG-CGGTÄ-A.CGT- - - - - --CCACCACGTAT----- -ATCTTC-- - -A-- - -AAC- ------
ATT- - - -GCTÄA-GGCGGTCTCTGGCGT- - - - - - -CGCCCATTTTA-- --- -TTCTTC- - - -A- - - -AÀC- - ----------- -TTEGACCTCAAÀ
ATT- - - -ccrÄA-cccccrcrcrccccr- - - - - - -cccccATTTTA- ---- -TTcrrc- - - -A- ---AÀc-------- --- -- -rtheeccrcÄ-AÄ
ATT- - - -ccraÄ-cccccrcrcrccccr- - - - -- -cccccATTTTA------TTcrrc- - - -A-- - -A.AC-- ------------rrhceccrc¡ÀA
-------ccrrA-TTTTGCTAGTGcccA----- --ccACAÄTTTAT------TTCAT----------ÀAc--------------'TTh.ACCTCAAA""t'-,._______GCTTA_TTTTGCTAGTGGCCA_____ __CCACAATTTAT______TTCAT__________AA.-______________TTITêA,CCTCAAA""t'".-
-------GCTTG-TGCAG-TCG-GCCCA----- --CCACAGCTT--------TTCTA----------ACT--------------TTGACCTCAÃÃ
GCT- - - -GGGCCTA- -TGGGGTAGTCTT- - - - - --CGGCTTGCTGA- - - - -TÀÀCÄACCATCTCTTTTT- - - - - - - - - - - - - -GTTpGACCTCAAA

GTGGTA-AGCTTGGGTCATAGAGACTCATAGGTGTTATA-A-AGACTCGCTGGTGTTTGTCTCCTTGAGGCATACGGCTTTA.A.CCÄ-A-A.ACTCTCAÂAGTTTTGACCTCA-AÄ
GTGGTAAGCTTGGGTCATAGAGAcTCATAGGTGTTATAAÄGACTcGCTGGTGTTTGTCTCCTTGAGGCATACGGCTTTAACCAAAACTcTceeeelThcAcCTCAAÀ

AÀ_ CG_ _ TTATCGATAAGAAGAGAGCCT\]'IAGGCGGACAÀTATTC
ATTGCGCCCTCTGGTATTCCGGGGGGCATGCCTGTTTGAGCGTCATTTCCTTCTCAÄACACATTGTGTTTGGTAGTGAGTGATAC

GCT____GGGCCTA__TGGGGTAGTCTT_____ _ _CGGCTTGCIGA_ _ _ _ _TAACÄACCATCTCTTTTTT_ _ _ _ _ _ _ _ _ _ _ _ _GTTITGACCTCAAÀTC_AGGTAGGGCT
ñÆ^^ñ^ñ^n n9Lf ----9919f f gALf f 9A9lü9f UUg ----çf rçrffif çUf -----Uçf UggÂçffif f !f f Uffi--------------çrçtf 9UÌUf Uffilç-åU9rå99-çf

-------ccrr-----TcA--- - -crccrrrr- - - - - -rcc-l- - -CCICAÀÀTC-AGGTAGGACT
-------GTTT-----ACAG---c---A-- --- - -ccACATTT- - - - - -ccc-l- - -ccrcAAÀTC-AGGTAGGACT"-"1
AC-----GCTT-----GGCGGCCGAGAG----- - -CGAGTGTIGCGA- - - - -GACÄAC- - - - - - - - -ÃÀCA- - - - - - - - - - -AGCTFGACCTCAACTC-AGGTAGGAAG
AC-----GCTT-----GGCGGCCGAGAG- - - - - - -CGAGTGTTGCGA- - - - -GACAÄC------ - - -ÄÄÄÀ- - - - - - - - - - -AGCTFGACCTCAAATC-AGGTAGGAAT
GC-----GCTT-----GGCC-CGCCGAÀ----- - -CTTTTTTTTTTÀ-- - - -ATCTA- - - - - - - - - - - - - -AGCTpGACCTCAAÀTC-AGGTAGGAAT
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Table 3.519; CLUSTAL X (1.64b) multiple sequence alignment of the 5.8S rRNA gene and flanking ITSI and ITS2 regions of

the ribosomal RNA gene in Candida and related genera. Nucleotides in bold represent the reverse primer binding site and

hightighted areas are homologous regions across all aligned sequences. The identities of the isolates assessed is within Table

3.50p.,227

cgu
lcSu
Cfa
cpa
lCpa
L'7 640
1-27 76
77 484
1852'7
ca1
lCaf
Cdu
L5526
lCst
Ctr
lCtr
CVA

Crnn
Crngr
Tbe
Cha
C1u
Ckr
lCkr
Cno
Cke
lCke
Sce
cg1
1Cg1

ACCCGCTGAACTTAA_ _ _ _ _ _ _

ÀNC CGC TGÄÃCTTAÀGCÀTÀTCA.ATÀAGCGGAGGA
ACCCGCTGA-ACTTTATCcTAI''CCCAATAAGCCGGÀÀAÀGA
ACCCGCTGÄACTTA- _ _ _ ____

ACCCGCTGÄÀCTTAAGCÀTATCÀÀTÀÀGCGGAGGA
AC C CGC TGAAC TIAAGCATATC.AÀTÀÀGCAGÀÀ

ACCCGCTGAACTTACTT- - - _ _

AC C CGC TGAÄC lIAAGCÀTÀTCÀÀT.ãÀGCGGÀÀG
ACCCGCTGAÃCTTAÀ_ _ _ _ _ _ _

ACCCGCTGÄACTTAAGCATATCÀATÀÀGCGGAGGA_ _ _ _ - - - - _ _

ACCCGYTGAACTT.AÀGCÀTÀTCÀÀTÀÀGCGGÀ.AAGA_ _ _ _ _ _ _ _ _ _

AGCCCCTGA¡,CTTACACCTC - -
AC C CGCTGAACTTAAGCATATCÀÀTAÀGCGGAGGA

ACCCGCTGAACTTAA. - - - - - _

AC C CGC TGAAC TTAAGCATÀTCÀÀTÀÀGCGGJAGGA
ACCCGCTGÄACTTÀANCÀT- - -
ACCCGCTGA.ACTTAA_ _ _ _ _ _ _

ACCCGCTGAÀCTT
ACCCGCTGAACTTAA_ _ _ - - - -
ACCCGCTGAÀCTTAÀGCÀTATCÀÀTÀ_ _ - - - - -
ACCCGCTGAACTTÄÀGCÀTATCÀÀTÀÀGCGGÀG
ACCCGCTGÀ.A'CTTAAGCÀTATCÀÀTAÀGCGGÀÀ_AG_ _ _ _ _ _ _ _

AC CCGCTGAAC TÎAAGCÀTATCÀÀTÀÀGCGGAGGAGAACTTAÀGCATATCAATAAGCGGA
ACCCGCTGA.AC TTAAGCATÀTCÀÀTÀÀGCGGÀ_
ACCCGCTGÀÀCTTAA- _ _ _ _ _ _

ACCCGCT----

CAGTATGTGGGACACGÀGCGCÀÀ,GCTTCTCTATTAATCTGCTGCTCGTTTGCGCGAGCGG

265 rRNA
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Table 3.52;Details of the sequence variation within species for the 5.8S rRNA gene and flanking ITS1

and ITS2 regions within medically important Candida species and related genera

Sequence length compared
536
106
588
499

519
s06
482
510
521
544

Ambiguous bases

1

9

11

6

0
5

7

1

2

2

Mismatches
5

1 2

8

1

6

J

1 6

1 2

1 4
47

Isolate 2
Cr. neoformans var gattii

C. kefyr
C. suilliermondii
C. parapsilosis

C. albicans 17484
C. tropicalis
C. glabrata

C. krusei
C. dubliniensis 15526

C. dubliniensis

Isolate 1

Cr. neoformans vàr neoformans
C. kefyr

C. guilliermondii
C. parapsilosis

C. albicans
C. tropicalis
C. glabrata

C. krusei
C. dubliniensis

C. albicans
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Ctr

Ca

Cvi lOtr
lCst 15526

Crng
Crnn

a

Tcu

Cfa

lCkr
lCgu

Ckr cpa
lCpa

Cno

Clu

Sce

Cke

cgl

lCgl

0. 1 substitutions/site

Figure 3.20a; Unrooted consensus tree of the phylogenetic relationships derived from

5.8S rRNA gene and ITSI and 2 flanking region sequence comparisons for medically

relevant Candida species and related genera

a; Clade of closely related Candida species whose genetic relationships were reanalysed
independently (Fig 3.20b p.,237).
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12716

17484
18527

lCal

lCst
lCtr

Cdu

Ctr

1 5526

Cvi

0. 1 substitutions/site

Figure 3.20b; Phylogram of the reanalysis of the 5.8S rRNA gene and ITS1 and 2

flanking region sequences of closely related Cand.id.a. isolates highlighted in Figure

3.2Oa (p.,236)

Ca
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51

100

100

Sce

Clu

Cha

cgl

1 Cgl

Cno

Ckr

lCkr

lCst

Cdu

1 5526

lCal

18527

12716

17484

17640

Cal

Cvi

lCtr

Ctr

Cfa

lCgu

cgu

cpa

lCpa

Cke

lCke

Crnn

Crng

Tcu

50

52

97

99
99

98

94
99

45

38

38

65

46

67
92

100
59

81

100

100

100

16

98

26

100

Figure 3.2Oc; Bootstrap values for phylogenetic relationships based on ITS1,5.8S
rRNA and ITS2 sequences obtained by maximum likelihood analyses from five-
hundred replicates

Bootstrap values (denoted under each branch) exceeding 75 indicate that the branch has strong

statistical support.
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3.6.1.d Interpretation

There was separation of basidiomycetes and ascomycetes based on analysis of the ITS 1,

5.8S rRNA and ITS2 sequences. However, unlike the previous 18S rRNA sequence

analysis, there was strong support for the genus Candida forming a separate clade to S.

cerevisiae (Figure 3.20c p.,238). This has arisen because the 5.8S and two flanking ITS

regions are highly conserved within the species analysed, indicating that this region has a

slow rate of evolution at this taxonomic level. In contrast, there was poor support for many

of the branches within the genus Candida. Additionally, the high level of sequence

conservation within the genus limits the epidemiological value of the ITS regions within

Candida.

3.6.2 Phylogenetic utility ol the ITS2 region

At a recent conference (International Symposium on Yeasts, Sydney, Australia, 1999) it

was suggested that the ITS2 region of ribosomal RNA gene region may be phylogenetically

informative for the genus Candida than 18S sequence data. Additionally, a recent paper by

Chen et aI. (2000) suggested the diagnostic utility of the ITS2 region. ln the following

subsection, this region has been assessed independently, using the sequences from Section

3.6.1 with the addition of currently available Genbank ITS2 sequences for Candida (Table

3.53a-b p.,241-2).

3.6.2.a Results

The Clustal X alignment of sequences at the ITS2 region is presented in Table 3.54a-h

(p.,243-50). Some of the previously published Genbank sequences are only small segments

of the ITS2 region, which limited the number of nucleotides that could be used for a

complete alignment across Candida species. Therefore, areas of homology across all

aligned sequences were not identified. There was extensive sequence variation between

Candida species and related genera. Most sequences grouped into species, with the

exception of sequence CaIJ, a very short sequence that aligns more closely with

basidiomycete sequences than with C. albicans sequences. As with the comparisons of

ITSl, ITS2 and the 5.8S rRNA gene in the previous subsection (Section 3.6.I, p.,225), the

ascomycetes and basidiomycetes do not form distinct lineages (Figure 3.2Ia p., 25I).

Although each species had a unique ITS2 sequence, this rRNA region did not provide a
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sufficient number of phylogenetically informative characters to infer relationships within

the genus Candida. However, a subsequent analysis including species with similar

sequences (ie., C. albicans, C. dublinie¡rsls and C. stellatoidea) showed that all 12 isolates

of C. albicans formed a discrete clade to the exclusion of the 7 isolates of C. dubliniensis

and the single isolate of C. stellatoidea.

3.6.2.b Interpretation

Bootstrap values obtained using maximum likelihood analysis on five-hundred replicates

provided very low support for most branches (Figure 3.21c p.,253). These data indicate

that the ITS2 sequence is of limited epidemiological or phylogenetic utility.
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Accession
number "

Sequence o

48035589
48035590
ABO3217'l
ABO 32176
/^8032174
A8O32173
¡^8032172
1'1249486
1'1249485
41249484
ABOl8038
A8O18037

AF167993
u96',719
u70509
u70499
u70502
u70500
u70510
u70501
u70498
4F009215
u10989
u10988
u10987
L28817

t47114
LA11t2

Cdu89
Cdu90
Cgll7
Pgu76
Ca174

Ca173

CaI12
Cal86
Cdu85
Cdu84
Cal38
CaI3'1

Cgl93
Cdul9
Pno09
Pgu99
Kma02
Dha00
Cvi10
Cha01
Cgl98
Clu15
Cpa89
Cpa88
Cpa87
Cal17
17484
12716
18527
17640
Cal
15526
Cdu
lCst
lCtr
Ctr
Cvi

Table 3.53a; Details of the sequences and isolates used to assess the

phylogenetic utility of the ITS2 region

Species Strain "

C. dubliniensis
C. dubliniensis
C. glabrata
P. guilliermondü
C. albicans
C. albicans
C. albicans
C. albicans
C. dubliniensis
C. dubliniensis
C. albicans
C. albicans

CBS7987
CBS7988
tFo 0622
JCM1539
NIHB792
NIHA2OT
CBS562
GDH2346
CD36
M334a
cBS1905, 1918
CBS562, NIHB792, NIHA2O7,
IFO 1061, 1389, 0589, 0579
ATCC15545
CBS7987
ATCC22977
ATCC626O
ATCC46764
ATCC62894

^TCC22981A"tcc22991
Y-65
ATCC34449
MCO429
MC0457
ATCC22O19
wol
clinical d

clinical
clinical
clinical
CBS562
clinical
cBS7987
?"
?

CBS94
CBS4O24

C. glabrata
C. dubliniensis
P. norvegensis
P. guilliermondii
K. marxianus
D. hansenü

C. viswanathii
C. haemulonii
C. glabrata
C. Iusitaniae
C. parapsilosis
C. parapsilosis
C. parapsilosis
C. albicans
C. albicans
C. aLbicans
C. albicans
C. albicans
C. albicans
C. dubliniensis
C. dubliniensis
C. stellatoidea
C. tropicalis
C. tropicalis
C. viswanathii

a; Accession number refers to the Genebank accession number.
b; Sequence refers to the code used for sequence analysis and corresponds to the codes in Table 3.54
and Figures 3.21a-c (p.,243-53).
c; Strain refers to the isolate from which the sequence was obtained.
d; Clinical refers to a clinical strain not lodged in a culture collection.
e; ? strain refers to the sequence being obtained from an unspecified strain.
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Table 3.53b; Details of the sequences and isolates used to assess

the phylogenetic utility of the ITS2 region

Species Strain "

C. guillietmondii
C. guilliermondü
C. famata
C. glabrata
C. glabrata
C. kefi,r
C. kefyr
C. haemuLonü

C. lusitaniae
T. beigelii
Cr. neoþrmans var. neoþrmans
Cr. neoþrmans var. gattii
C. norvegensis
C. krusei
C. krusei
S. cerevisiae
C. parapsilosis

CB5566
1d

CBS94O
CBSI38
?

CBS834
,ì

CBS5I49
CBS6936
CBS2466
CBS132
CB56289
cBS6564
CBS573
?

ATCC26l0
CBS604
,|

C.

a; Accession number refers to the Genebank accession number.
b; Sequence refers to the code used for sequence analysis and corresponds
to the codes in Table 3.54 and Figures 3.21a-c (p.,243-53).
c; Strain refers to the isolate from which the sequence was obtained.
d; ? strain refers to the sequence being obtained from an unspecified strain.

Sequence o

cgu
lCgu
Cfa
cg1
lCgl
Cke
lCke
Cha
Clu
Tbe
Cmn
Crng
Cno
Ckr
lCkr
Sce
cpa
lCpa

tA11l3

w7109

147110

tA1t08

tA7t0'l

Accession
number "
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Table 3.54a; CLUSTAL X (1.64b) multiple sequence alignment of the ITS2 regioninCandi.dø and related genera. Highlighted

areas are homologous regions across all aligned sequences. The identities of the isolates assessed is within Table 3.53 p., 241-2

71 484
cart4

Cal3 7

Ca173
Caf3 8
721]-6
t8521
lCaI
7'7 640

Cdu89
CduS 5

Cdu19
75526
Cdu84
Cdu
Cdu9 0

lCst
lCtr
Ctr
Cvi10
Cvi
PguT 6

Pgru9 9
DhaO 0
cgu
lCgu

- - _ _TATTATTACAATAGTCANAACTTTCAACAÀCGGATCTCTTGGTTCTCGCATCGATGA.AGÄ.ACGCAGCGAÀATGCGATACGTAATATGAÄTTGCAGATATTCGTGAATCATCGAATC
_ _ _ _TATTATTACAÄTAGTCAAAÀCTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGÄ.AGAACGCAGCGAÀÄTGCGATACGÎAATATGAATTGCAGATATTCGTGAATCATCGAATC

-ÂÄÀ,TTTTG.AATTÃ.ATCTTCÀAÀACTTTCÃÃCÃACGGATCTCTTGGTTClCGCATCGATGAAG.AACGCAGCGAAÄTGCGAT.AÄGTAÀTATGAATTGCAGATTTTCGTGAATCATCGÄÀTC
_AÃATTTTGÄÄTTÄATCTTCAAAACTTTCAACAÀCGGATCTCTTGGTTCTCGCATCGATGAÀGAACGCAGCGAAATGCGATAAGTAATATGAATTGCAGATTTTCGTGAÄTCATCGÄATC
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Table 3.54b; CLUSTAL X (1.64b) multiple sequence alignment of the ITS2 regionin Candida and related genera. Highlighted

areas are homologous regions across all aligned sequences. The identities of the isolates assessed is within Table 3.53 p., 241-2

Cfa
CgI17
c9198
C9193
cs1
lCql
Kma02
Cke
lCke
Cha01
Cha
Clu15
Clu
Ca117
Tbe
Crnn
Crng
Pno0 9

Cno
Ckr
lCkr
Sce
Cpa89
Cpa88
cpa87
cpa
lCpa

_TÃ.AATTCA.A.AACAATCTTCA.AÃÀCTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGÄAGAÀCGCAGCGAAATGCGATAAGTAATATGÄÄ,TTGCAGATTTTCGTGAATCATCGÄÀTC

-ACTATAÃAATTTÀÀTATTCÄ.AAACTTTCAÂCÀÀCGGATCTCTTGGTTCTCGCATCGATGA.AGAÃCGCAGCGAÀTTGCGATATGTATTGTGAATTGCAGATTTTCGTGÄÀTCATCAAATC
_ACTATAAAATTTA.ATATACAAÃACTTCCA.ACÃACGGATCTCTTGGTTCTCGCATCGATGAÀGAACGCAGCGA.ATTGCGATATGTATTGTGÀATTGCAGATNTCGTGAATCATCAAATCT

_ _ - -AAAÀCAAÃACTTTCAACAACGGATCTCTÎGGTTCTCGCATCGATGAÄGAÀCGCAGCGAATTGCGATACGTAGTATGACTTGCAGACGTG- - _ -Ä.ATCATCGAATC
- - - - - - - - - - 

"cc'!'T'^-^'cc__TAATATCA.AÀ.ACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGÃÄ.G.A.ACGCAGCGAATTGCGATACGTAGTATGACTTGCAGACGTG____AÀTCATCGAATC

GATTATTACTAÄTAGTCAAAA__CTTTC_A.ACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGA.AATGCGATACGTAATATGAATTGCAGATATTCGTGAATCATCGAATC
TGTTATTA_TAACAAAAÀTAA,- -CTTTC_AACAACGGATCTCTTGGCTCTCGCATCGATGA.AGAÄ,CGCAGCGAAÀTGCGATAAGTAATGTGAÀTTGCAGAATTCAGTGAÀTCATCGAATC
TCATATTA_TAACAATÄ¿.T,AÄ.AACTTTC _AACÀACGGATCTCTTGGCTTCCACATCGATGAAGAÀCGCAGCGÄÀÄTGCGATAAGTAÀTGTGAATTGCAGA.ATTCAGTGAATCATCGAGTC

TCTTATTA-TÄI\CÄATAAT'AA.AACTTTC -AACAACGGAÎCTCTTGGCTTCCACATCGATGÃAGÄACGCAGCGÀAÀ,TGCGATAÀGTÀATGTGAÀTTGCAGAATTCAGTGAATCATCGAGTC

- _AGAAGÀAÀGAAAAAÃ.A.ACAÀAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAÀGAGCGCAGCGAAATGCGATACCTAGTGTGAATTGCAGCCATC _GTGAATCATCGAGTT

- -ATCTACGAAAAACAAACÄÄÀACTTTC_AACAACGGATCTCTTGGTTCTCGCATCGATGAAGAGCGCAGCGAÃÀ,TGCGATACCTAGTGTGAÀTTGCAGCCATC-GTGAATCATCGAGTT
__ATCTACGÄNA.AÄCÀNACAAAACTTGCTA.ACÀÀCGGATCTCTTGGTTCTCGCATCGATGAAGÀACGCAGCGAAÀTGCGATACCTAGTGTGAATTGCAGCCATC_GTGAATCATCGAGTT

--A.AATTTTÀÀÀ.AÀTATTAA.A.AACTTTC_ÀACAÀCGGATCTCTTGGTTCTCGCATCGATGA.AGAACGCAGCGAÀÀTGCGATACGTAATGTGAATTGCAGAATTCCGTGÄATCATCGAATC

- - -A.A.CCGATTATTTAATAGTCAÃÃ.ACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAA.GAACGCAGCGAAATGCGATÄ.AGTA.A,TATGAATTGCAGATATTCGTGAATCATCGÀÄ,
- - -ACCCGATTATTTAATAGTCAA,AACTTlCAACAACGGATCTCTTGGTTCTCGCATCGATGA,AGAACGCAGCGAAATGCGATAÀGTAATATGAÀTTGCAGATATTCGTGAATCATCGAA
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Table 3.54c; CLUSTAL X (1.64b) multiple sequence alignment of the ITS2 region in Candida and related genera. Highlighted

areas are homologous regions across all aligned sequences. The identities of the isolates assessed is within Table 3.53 p.' 241'2

1-1484
CaI'|4
call2
Cal3 7

Ca]38
r2ttó
L8521

1-7 640
Caf
Cdu89
Cdu85
Cdu19
75526
Cdu84
Cdu
Cdu9 0

lCst
lCtr
Ctr
Cvi10
Cvi
PguT 6

Pgu9 9

DhaO0
cgnl
lCgu

._____________î_îîîilî!!lî111_îiî!:r:TTi:i:::i:ffi::3:i____333iii33T3ii3-ï33ffiiî33î3ii----------333
-CTCCCTCÀA.ACCGCT_ _ - -GGGTTTGGTGTTG-AGCAÀTACGACTT_ _----____GGG
-CTCCCTCAA.ACCGCT----GGGTTTGGTGTTG-AGCAATACGACTT_ - - - _ _ _ _ _ _GGG

-CTCCCTCA.AACCGCT--__GGGTTTGGTGTTG_AGCAÀTACGACTT-- - __ _ _ _ _ _GGG

-------------;;;;;;;;;;;;-;;il;;;;:i:::i:ffi::::i----333iiT:ET3ii3-i8:ffiiî::i:ii----------:::
_ _G_GGCATGCCTGTTT_GAGCGTCGTTTCTCCCTCÄ.AÀCCGCT_ _ - -GGGTTTGGTGTTG-AGCAATACGACTT_---____ __GGG

_ -G-GGCATGCCTGTTT-GAGCGTCGTTTCTCCCTCAAACCGCT_ _ _ _GGGTTTGGTGTT__AGCAATACGACTT__ ___ __ - - _GGG

- -G_GGCATGCCTGTTT_GAGCGTCGTTTCTCCCTCAAACCGCT__ _ _GGGTTTGGT_TTG_AGCAÄTACGACTT_ _ --- __ ___GGG

--------------!-îîiiTiî!Tî:TT-îiîî:T::ill:i:::i:ffi::3:i;---::3iii33i3ii3i::äTî33î3ii----------333
--TCCCTCÀÀACCCCTA_ _ _GGGTTTGGTGTTG_AGCAATACGACTT____ _---_ _GGG

-------------;;;;;;;;;;;;;;;;;;;;:i:::i:ffi::::iî---333iii33i3ii3-î33ffiiîE3l3ii----------333
____----TCCCTCA.AACCCCTA___GGGTTTGGTGTTG_AGCAÀTACGACTT- - - _ _ _ _ _ __GGG

_ _G_GGCATGCCÎGTTT_GAGCGTCGTTTCTCCCTCAAÀCCCCTA-__GGGTTTGGTGTTG_AGCAATACGACTT_ _ _ _ _ _ _- -_GGG

;;;il;ä;;;;;;;;;;;;;;;;;;;;^""3-33fiîi333i:iii-3i333i:iiii:i::::3ffiî3333ä1---333iTi33i3ii3-î::ffiiî33åÎll----------Î33

::::ï:::::::::::::::::::::::::ïffiäffiffiffi:;:::T:ffi:::::----::sÏ;ÏssÏs;rs-rs:ffiTff::Ë----..-----rss
_ _ _ _ _ _CTCTCTCAAACCCCC- _ _ _GGGTTTGGTATTG_AGTGATACTCTTAGTCGGACTAGGCG

- - _ _ _ _CTCTCTCA.AACCCCC _ _ _ _GGGTTTGGTATTG -AGTGATACTCTTAGTCGGACTAGGCG

;il;ã;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;il;;;;;;;:i:i:i:ffi333ää----333åii33itil3-î3å3îTî:i:iiî3i:3ä:Ti33:3
TTTGNACGCACATTGCGCCCNCTGGTATTCCAGAG_GGGATGCCTGTTT-GGGCGTCANNCCTCTCTCAAACCCCC- - _ _GGGTTTGGTANTG_AGTGANACTCTTAGTCGGACTAGGCG
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Table 3.54d; CLUSTAL X (1.64b) multiple sequence alignment of the ITS2 regionin Candida and related genera. Highlighted

areas are homologous regions across all aligned sequences. The identities of the isolates assessed is within Table 3.53 p., 241'2

Cfa
CgI17
Csl98
Cgl93
cgl
lCgJ-
I(ma02
cke
lCke
Chao 1

Cha
Clu15
Clu
Cal-!1
'-1',-be

Crnn
Crng
Pno0 9

Cno
Ckr
lCkr
Sce
Cpa89
Cpa88
Cpa87
cpa
lCpa

TTTGÄA.CGCACATTGCACCCTCTGGTATTCCAGAG-GGTATGCCTGTTT_GAGCGTCATATCTCTCTCÀAACCCTC-_ _ _GGGTTTGGTATTG-AGTGATACTCTTAGTCGAACTAGGCG

TTCTCAÄ.ACACAT___ _ _TGTGTTTGGTAGTG_AGTGATACTC- - - - - - -GTTTTTGAG

;ËË*'ffi*'Êi"*'i:i:ËËi:*î'i'tri 
-iî'i* 

'Ë*Ëitri
_ _ - - - -CTCTCTCAAACCT- - - -TTGGGTTTGGTAGTG-AGTGATACTC_ _ _____GTCTCGGGC

TTTGA.âCGCACATTGCGCCCTCTGGTATTCCAGGG-GGCATGCCTGTTT-GAGCGTCATTTCTCTCTCAAACCT_ _ _ _TTGGGTTTGGTAGTG_AGTGATACTC- -- _ _ _ _GTCTCGGG_

TTGGAACGCACATTGCGCCCTCTGGTATTCCAGGG_GGCATGCCTGTTT_GAGCGTCATTTCTCTCTCAÃA,CCT_ ___TTGGGTTTGGTAGTG_AGTGATACTC_ _ _ _ _ _ _GTCTCGGG_

______GAGCGTGATATCT_TCTC- -ACCGTT_ _ _ _GGT---GGATTTG_TTTCTAÀATATCAÎG_ _ _ _ _ _CCACA

TTTG.AÄ,CGCATATTGCGCCTTGGGGCATTCCCCAA_GGCATGCCTGTTT_GAGCGTGATATCT_TCTC--ACCGTT____GGT_--GGATTTG_TTTCTAAATATCATG_ _ _ _ _ _CCACA

CCCGGTTAGGCGTTGCTCCGAAÀTATCAACCGCGCTGTCAAÀCACGTTTAGAGCGTCGCATCC-CCTCTÄACCCCC_--_GGTTA_GGCGTTG-CTCCGA.AÃTATCAA_ - - _ _ _ _CCGCG

TTTGAÀCGCACATTGCGCCTCGAGGCATTCCTCGA_GGCATGCClGTTT_GAGCGTCGCATCC_CCTCTAÄCCCCC_ _ __GGTTA_GGCGTTG_CTCCGAÃ.A,TATCAÀ_ _ _ _ __ _CCGCG

TTTGAÃCGCACATTGCGCCCTCTGGTATTCCGGA_______ -- -
TTTGAACGCA.ACTTGCGCTCTCTGGTATTCCGGAG-AGCATGCCTGTTT-GAGTATCATGÀAA_TCTCÄ.ACCATTA_ _ _ -GGGTT_ _TCTTAÄ,_-- -__TGGA_TTGGA_---_ _TTTGG

TTTGÄACGCAACTTGCGCCCTTTGGTATTCCGA.AG_GGCATGCCTGTTT_GAGAGTCATGÄ.AÀ.A,TCTCAATCCCTC-_ _ _GGGTT__TTATTA_CCTGTTGGACTTGGA- ___ __TTTGG

TT::ï:::ï:ï::::::11i:::iÏT:::ïî_îîîiTîîîlîl1l_îiîiîl:il:ïËi:iîää3îïä3----î3ff1--äiåääå-::13ii33åiTTÎÎi------Tää3:
CTTGAACGCACATTGCGCCCTCCGGCATTCCGGGG-GGCATGCCTGTTT-GAGCGTCGTTTCCTTCTTGCGCAAGC___-AGA____GTTGGG_ - - -GTTGCC_ _ _ _ _ _ _ - - _ _ _ACGGC

CTTG.AÂCGCACATTGCGCCCCTCGGCATTCCGGGG_GGCATGCCTGTTT_GAGCGTCGTTTCCATCTTGCGCGTGC--__GCAGA__GTTGGG- _ _ _GGAGCGGAGCGG- _ _ _ _ _ACGAC

CTTGA.ACGCACATTGCGCCCCTCGGCATTCCGGGG_GGCATGCCTGTTT_GAGCGTCGTTTCCATCTTGCGCGTGC_ _ __GCAGA_ _GTTGGG_ _ _ _GGAGCGGAGCGG_ _ _ _ _ _ACGAC

Ït:ï:::::::_:::::::l:::li::::ï::_::::l:::.:.::_:::::::::-.:r:Ë:i:ffi:ËiT:.___Ë:Ë;il::rËT;s_î:Ë:å;r:::TËË:::____:T;Ë:
_______TCCCTCA.A.ACCTTC_---GGCTTTGGTGTTG-AGCGATAC_CTGGG____--_TTTGC

TCTTÎGAACGCACATTGCGCCCTTTGGTATTCCÄAAGGGCATGCCTGTTTGAGCGTCATTTCTCCCTCAAACCCTC__ _ _GGGTTTGGTGTTG_AGCGATACGCTGGG__ _ _ _ __TTTGC

TCTTT'GÄ.ACGCACATTGCGCCCTTTGGTATTCCÀAAGGGCATGCCTGTTTGAGCGTCATTTCTCCCTCA.AÀCCCTC____GGGTTTGGTGTTG_AGCGATACGCTGGG_ _ _ _ _ _ _TTTGC
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Table 3.54e; CLUSTAL X (1.64b) multiple sequence alignment of the ITS2 regionin Candida and related genera. Highlighted

areas are homologous regions across all aligned sequences. The identities of the isolates assessed is within Table 3.53 p., 241-2

L] 484
caIT 4

Ca137
CaIT 3

Ca13 8

721 76
78527

t] 640
Caf
CduS 9

Cdu85
Cdul-9
1-5526
Cdu84
cdu
Cdu9 0

lCst
lCtr
Ctr
Cvi10
U\/L
Pgü.] 6

Pgu9 9

DhaO0
cgu
lCSu

TTTGCTTGAÀAGACGGT- _ _ _ __AGTGGTA_ _AGGCGGGATCGCTTTG__ _ _---A_CAÃTGGCTTAGGT_CTAACCÄÀÀÀACATT_ _GCTT_. -GCGG_CGGTAÀCGTCCACCACGTAT

TTTGCTTGAÃÀ,GACGGT_ __---AGTGGTA_ _AGGCGGGATCGCTTTG_ _ _ _ _ _ _A_C.AÀTGGCTTAGGT_CTAACCAÄÀÀÀCATT_ _GCTT_ _ _GCGG_CGGTÀÀCGTCCACCACGTAT

TTTGCTTGAÀAGACGGT______AGTGGTA__AGGCGGGATCGCTTTG_ _ _ _ _ _ _A_CAATGGCTTAGGT_CTAÀCCAAAAACATT- -GCTT_ _ _GCGG_CGGTAÀCGTCCACCACGTAT

TTTGCTTGA.AAGACGGT-_____AGTGGTA_-AGGCGGGATCGCTTTG_ _ - - - - -A-CÃAÎGGCTTAGGT_CTAACC.AÄÀ.AACATT_ _GCTT_ - -GCGG-CGGTAACGTCCACCACGTAT

TTTGCTTGAÀAGACGGT-----_AGTGGTA__AGGCGGGATCGCTTTG_ _ _ _ _ _ _A-CAATGGCTTAGGÎ_CTAACCAAAAACATT_ _GCTT_ _ _GCGG_CGGTAACGTCCACCACGTAT

TTTGCTTGAAAGACGGT- - _ _ _ _AGTGGTA_ -AGGCGGGATCGCTTTG_-----_A_CAÀTGGCTTAGGT_CTAACCAÀÀÀÀCATT_ _GCTT---GCGG_CGGTAACGTCTACCACGTAT

TTTGCTTG.AAAGACGGT- -_ _ _ _AGTGGTA_ -AGGCGGGATCGCTTTG__----_AACAATGGCTTAGGT_CTAACCAAAAACATT__GCTT___GCGG_CGGTAÀCGTCTACCACGTAT
TTTGCTTGAÄAGACGGT_ - -- - -AGTGGTA_ _AGGCGGGATCGCTTTG_______A-CAÄTGGCTTAGGT_CTAACCAA.A.A.ACATT__GCTT___GCGG-CGGTAÄCGTCTACCACGTAT

TTTGCTTGAAAGACGGT- - - - _ _AGTGGTA_ _AGGCGGGATCGCTTTG____---A_CÄATGGCTTAGGT_CTAACCÂÀÀÀÀCATT_ _GCTT_--GCGG_CGGTAACGTCCACCACGTAT

TTTGCTTGÀÀÀGACGGT- -____AGTGGTA__AGGCGGGATCGCTTTG__- --- -A_CAÀTGG_TTAGGT-CTAACCAAÀ.AACATT__GCTT-- _GCGG_CGGTAACGTCCACCACGTAT

TTTGCTTGAÀAGACGGT_- ---_AGTGGTA__AGGCGGGATCGCTTTG_ __ _ __-A-CAATGGCTTAGGT_CTAÄCCAAÃÀÀCATT__GCTT_ - -GCGG_CGGTAGCGTCTACCACGTAT

TTTGCTTGAAAGATGAT_ _ _ _ _ _AGTGGTATAAGGCGGAGATGCTT-G- --____A_CAÀTGGCTTAGGT-GTAACCAÄÀAACATT--GCTÀÀ_GGCGGTCTCTGGCGTCGCC_ATTTTA
TTTGCTTGAAAGATGAT______AGTGGTATAÀGGCGGAGATGCTT-G_ _ _ _ _ _ _A_CAATGGCTTAGGT_GTAACCAAAAACATT_ _GCTAÀ_GGCGGTCTCTGGCGTCGCCCATTTTA

TTTGCTTGAÃAGATGAT__ ----AGTGGTATAAGGCGGAGATGCTT_G___ _ - - -A-CAATGGCTTAGGT_GTÄÀCCAAÀAACATT_ _GCTAA-GGCGGTCTCTGGCGTCGCCCATTTTA

TTTGCTTGÄAÀGATGAT_ __ __ -AGTGGTATAAGGCGGAGATGCTT_G____ _ _ _A-CAATGGCTTAGGT_GTAACCAA.A.AACATT__GCTAA-GGCGGTCTCTGGCGTCGCCCATTTTA

TTTGCTTGAAAGATGAT_ _ _ _ _ _AGTGGTA- _AGGCGGAGATGCTT-G__ ____ _A_CAATGGCTTAGGT_GTAACCAÄÃÃ.A,CATT__GCTA.A_GGCGGTCTCTGGCGTCGCCCATTTTA

TTTGCTTGAAj\GATGAT_ _ - - - -AGTGGTATAAGGCGGAGATGCTT_G_______A-CAATGGCTTAGGT_GTA.ACCAÃÃÀACATT__GCTAA-GGCGGTCTCTGGCGTCGCCCATTTTA

TTTGCTTGAAAGATGAT- - _ _ _ _AGTGGTA- -AGGCGGAGAIGCTT_G__---__A_CAÄTGGCTTAGGT-GTAACCAÂÀÄACATT--GCTAA_GGCGGTCTCTGGCGTCGCCCATTTTA
TTTGTTTGAAAGÄATTT__-- --A__CGTG__ _ _G_ _AAACTTATTTT_ ______A--AGCGACTTAGGT_TTANCCA.A.AA_C_____GCTTA-TTTTGCTAGTGGCCACCACAÄTTTA_

TTTGTTTGAÃ.AGAATTT_ _ __ _ -AA-CGTG_ __ _G_ _AAACTTATTTT_ _ _ ____A__AGCGACTTAGGT_TTATCCAA.A.AAC_ ___ _GCTTA-TTTTGCTAGTGGCCACCACÄÀTTTA_

TTTGTTTGAÄAGACGT---__-_A__CGTG____G--AGACA_ATATT_ _ _ - - - -A_ _ _GCGACTTAGGT-TCTACCAÀÀÀ_C_ _ _ _ -GCTTG_TGCAGTCGGTCCCACACACAGTGTÀA

TTTGTTTGAA.AGACGT_____--A--CGTG____G__AGACT-ATAIT_ _ _ _ _ _ _A_--GCGACTTAGGT_TCTACCAAAA_C_ _ _ _ _GCTTG-TGCAGTCGGCCCACCACAGCTTTT_ _

TTTGCTTGAÄAÂ,GTATTGGC--_ATGGGTAGTACTGGATAGTGCTGTC_ _GACCTCTCÄÄTGTATTAGGT_-TTATCCAACTCGTT_ _GÀATGGTGT_GGCGGGATATTTCTGGTATTGT

TTTGCTTGAAAAGTATTGGC-__ATGGGTAGTA_TGGATAGTGCTGTC_ _GACCTCTCÄATGTATTAGGT__TTATCCÃACTCGTT_ _GAATGGTGT_GGCGGGATATTTCTGGTATTGT

TTTGCTTGAAÄTTTATTGGC-__ATGAGTGACGCTGAGAÃGTGCATTCAGGAAATATCÄ.A.TGÎAÎTAGGTAGTTATCCAA.CTCGTT_ _GAC.AATTCTTGGTTGTGAÄTTTTTGGTGTTA_

TTTGCTTGAAAAGTATTGGC___ATGGGTAGTACTGGATAGTGCTGTC- -GACCTCTCÀÀTGTATTAGGT- -TTATCCAACTCGTT- -GAÀTGGTGT_GGCGGGATATTTCTGGTATTGT
TTTGCTTGAAÀÃNTATTGTC___ATGGGTAGTACTAGATAGTGCTGTC_ _GACCTCTCAATGTATTAGGT_ _TTATCCAACTCGNT__GAÀTGGTGT_GGCGGGATATTTCTGGTATTGT
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Table 3.54f; CLUSTAL X (1.64b) multiple sequence alignment of the ITS2 region in Candida and related genera. Highlighted

areas are homologous regions across all aligned sequences. The identities of the isolates assessed is within Table 3.53 p.' 24I'2

Cfa
cgl17
C9198
C9193
cgl
lCgl
hlna 0 2

Cke
lCke
Cha0 1

Cha
Clu15
Clu
Ca117
Tbe
Crnn
Crng
Pnoo 9

Cno
Ckr
lCkr
Sce
Cpa89
CpaS I
Cpa87
cpa
lCpa

TTTGCT'TGAAÀTATATTGGC_ _ _ACGAGTAGTGTTGAACAGTGTTGTCT_GAÀC-ATCAATGÎATTAGGT_ _TTATCCAÀCTCGTT_ -GA____TACAGGTGGTACGATTCTTC_ATTA_
TT.AACTTGAAATTGTAGG_______CCATATCAGTATGTGGGACACGAGCGCAÀGCTTCTCTATTAÀTCTGCTGCTCGTTTGCGCGA-GCGG_ ____CGGGGGTTAATACTGTATTAGGT

CTAACTTGA.AÀ,TTGTAGG*. - - _ _ _CCATATCAGTATGTGGGACACGAGCGCAAGCTTCTCTATTAÀTCTGCTGCTCGTTTGCGCGA_GCGG--___CGGGGGTTAATACTGTATTAGGT

TTAÀCTTGAAATTGTAGG- _ _ _ _ _ _CCATATCAGTATGTGGGACACGAGCGCAAGCTTCTCTATTAATCTGCTGCTCGTTTGCGCGA-GCGG_ ___ _CGGGGGTTAÀTACTGTATTAGGT

TTATCACACGACTCGACA_ _ _ - - - -CTTTCTAÃTTACTACACACAGTGGAGTTTACTTTACTACTATTCTTTTGTTCGTTGGGGGAACGCTCTCTTTCGGGGGGGAGTTCTCCCAGTGGA
TTATCACTCGACTCGACA_ _ _ _ _ _ -CTTTCTAATTACTACACACAGTGGAGTTTACNTTNCTACTATTCTTTTGTTCGTTGGGGGAAAGCTCTCTTTCGGGAGGGAGTTCTCCCAGTGGA
TTÄj\CTTGAAAGTGGCTÃj\CCGTTGCCATCTGCGTGAGCAGG_CTGCGTGTCAAGTCTATGGACTCGACTCTTGCACATCTACGTCTTAAGTA__TGCGCCAÀTTCGTGGTAAGCTTGGG
TT.A.ACTTGAAAGTGGCTAGCCGT'TGCCATCTGCGTGAGCAGGGCTGCGTGTCAAGTCTATGGACTCGACTCTTGCACATCTACGTCTTAGGTT _ _TGCGCCAATTCGTGGTAAGCTTGGG

TTNACTTGAAAGTGGCTAGCCGTTGCCATCTGCGTGAGCAGGGCTGCGTGTCGAGTCTATGGACTCGACTCTTGCACATCTACGTCTTAGGTT_ -TGCGCCÄÀTTCGTGGTAAGCTTGGG

GTGAAGTCTACGC_ _ _ _ _ _ - - -
GTGAÄ,GTCTACGC_ _ _TTTCACTGCTTTTTCCCCTCAAATCAGGTAGG_ _ACTACCCGCTGAÀCTTAAGCATATCAÀTA_ __---___
CTGTCAÀÀTACG- - - -CAGCACCACATTTCGCCCTCAAATCAGGTAGG_ _ACTACCCGCTGAACTTAAGCATATCÄ.ATAAGCGGAGGA

CTGTCAÄACACGTTTACAGCACGACATTTCGCCCTCAÀATCAGGTAGG_ _ACTACCCGCTGÀÀCTTAAGCATATCAATAAGCGGAG_ _

GCGCTGCCAGTAGCCTG- - - _ _ _ _ _ _ _ _ _GCTCGCCTTAAAAGA-__G__TTAGCGTGTTTAACTTGTCTTATCTG_ _ __GCGTAATAAGTTTCGCTGGTGTTGACTTGAGAAGTGCGCT

GTGTTTGCCGCGACCTGCAÀAGGACGTCGGCTCGCCTTAAATGT_ _ _G_ _TTAGTGGGAÄGGTGATTACCTGTCAGCCCGGCGTAATAAGTTTCGCTGGGCCT_ _ATGGGGTAGTCTTCG

GTGTTTGCCGCGACCTGCAAAGGACGTCGGCTCGCCTTÀÀÀTGT_ _ _G--TTAGTGGGAAGGTGATTACCTGTCAGCCCGGCGTAATAAGTTTCGCTGGGCCT_ -ATGGGGTAGTCTTCG

CCGT__ _ - -GCGGCCTG_ _ _ _ - -TGTGTGGCTCCCC_GAAÀCGGAACG--GCAGCGGGACTGAGCGAAGTACACAA--_ _ _ ___ ___CACTCGCGCTTGGCCCGCC-GÄACTTTTTTTT_

CCGT_----GCGGCCTG__---_TGTGTGGCTCCCCCGA.AÀCGGAACG- -GCAGCGGGACTGAGCGAÃGTACACAA-____ _ _ ___ _CACTCGCGCTTGGCCCGCC-GAACTîTTTTTTT

GTGTAAÀGAGCGTCGGA_ ____-GCTGCGACTCGCCTGAAAGGGAGCG__A-AGCTGG_CCGAGCG.AÀ.CTAGACTTT_ -- _ _ _TTTTCAGGGACGCTTGGCGGCCGAGAGCGAGTGTTGC

GTGTA.A.AGAGCGTCGGA__----GCTGCGACTCGCCTGAÀÀGGGAGCG-_A_AGCTGG_CCGAGCGÄACTAGACTTT_ _ _ _ _ _TTTTCAGGGACGCTTGGCGGCCGAGAGCGAGTGTTGC

TTGÃ.AATTGCTGGCCTTTTCAT_TGGATGTTTTTTTTCCA.A.AGAGAGG_ _TTTCTCTGCGTGCTTGAGGTATAATGCÄÄGTACGGTCGTATTAGGTTTTACCAACTGCGGCTAÄTCTTT-

TTGÄ.AAGÃAAGGCGGAGTATAAACTAÀTGGATAGGTTTTTTTTT--____TCCACTCATTGGTACAAACTCCÄAè.C_ _ _ATTCTTCCAÀATT______---

TTGAAÀGAAAGGCGGAGTATÃA.ACTAATGGATAGGTTTTTTT__--_____CCACTCATTGGTACAÀACTCCAÀA_ __ _ATTCTTCCAAATT__ _ ___- _-
TTGAAAGÄ.AÀGGCGGAGTATAÀACTAATGGATAGGTTTTTTT_ _ _--____CCACTCATTGGTACAÀACTCCAÃ.AÀ_ __CTTCTTCCAAÀTT__ __ _ _ -- -
TTGAAÀGÀAÀGGCGGAGTATAAÀCTAATGGATAGGTTTTTT- - _ _ _ _ _ _ _ _CCACTCATTGGTACAAACTCCA.A.AA_ __CTTCTTCCAAATTCGACCTCAAÀTCAGGTAGGACTACCCGC

TTGA.AAGAÀAGGCGGAGTATAÀACTAATGGATAGGTTTTTT- -- - _ _ _ _ _ _CCACTCATTGGTACAA.ACTCCA.AÃ.4_ __CTTCTTCCÄÄÀTTCGACCTCA.A,ATCAGGTAGGCCTACCCGC
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Table 3.549; CLUSTAL X (1.64b) multiple sequence alignment of the ITS2 region in Candída and

related genera. Highlighted areas are homologous regions across all aligned sequences. The identities

of the isolates assessed is within Table 3.53 p., 241-2

rt 484
CaIT 4
CaI'|2
Caf37
CaIT 3

Cal3 I
1-211-6
78527

t'7 640
Cal-
Cdu89
Cdu85
Cdu19
15526
Cdu84
Cdu
Cdu9 0

lCst
lCtr
Ctr
Cvi10
Cvi
PguT 6

Pgu9 9

DhaO0
cgu
lcgu

ATCTTCAÀACTTTGACCTCAÄA,TCAGGTAGGACTACCCGCTGAACTTACTT - - _ _

ATCTTCA.A.ACT
ATCTTCAÀACT
ATCTTCAÃACT
ATCTTCÃAACT
ATCTTCAAACT
ATCTTCAAACTTTG- - - - - - - _

ATCTTCAAÀCTTTGACCTCÄ.AÀTCAGGTAGGACTACCCGCTGÄ.ACTTAAGCATATCAATAAGCGGAAG- - - - - _ _ _ _ _

ATCTTCAAÄCTTTGACCTCÀÀÀTCAGGTAGGACTACCCGCTGAACTTAAGCATATCAÀTAÃGCGGAGGA_ _ _ _ _ _ _ _

ATCTTCA.AACTTTGACCTCAAATCAGGTAGGA_TACCCGCTGAACTTAÄGCATATCAATAÀGCAGAA
ATCTTCÄ.A.A,CTTTGACCTCA.AATCAGGTAGGA_ TACCCGCTGAACTTAA- - - - - -
TTCTTCAAACT
TTCTTCAAACTTT_ _ _ - - - - - -
TTCTTCAÀÃC_
TTCTTC.A.AÀCTTTGACCTCAAATCAGGTATTACTAGCCCCTGAACTTACACCTC _ _

TTCTTCAAACTTT_ _ _ _ _ _ _ _ _

TTCTTCÄ.A.ACTTTGACCTCAAATCAGGTAGGASTACCCGYTGAÀCTTAAGCATATCAÄTAAGCGGAÄÀGA_ _ - - - - - _ _

TTGACCÎCAAATCAGGTAG_ _ -
TTCTTCAÄÄCTTTGACCTCAAATCAGGTAGGACTACCCGCTGAACTTAAGCATATCÄATÀAGCGGAGGA_ _ - - - - _ _ _

GCTAÀ,CA____
-CTÀACTTTTGACCTCAAATCAGGTGTGACTACCCGCTGA.ACTTA.ANCAT_ _ _ _ _ _ _ _

TGGCCCGGCCTTACAACA_ACCA.AACAAG- - - -
TGGCCCGGCCTTACA.ACA_ACCAAACA.AGC _ _ _

_GGCTTTGCCTTAÄ.AA.AÀCA.ACAAÂ,CÀÀ_ _ _ _ _

TGGCCCGGCCTTACAACA-ACCAA.ACÄAGCTTGACClCA.AÀTCAGGTAGGAÃTACCCGCTGAACTTAÀ
TGACCCGGCCTTACÄ.ACA_ACCÀAACAAGTTTGACCTCAÀÀTCAGGNAGGAATANCCGCTGAACTTAAGCATATCAATAAGC - - _ _ - _ _ _ _
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Table 3.54h; CLUSTAL X (1.64b) multiple sequence alignment of the ITS2 regionin Candi.da and

related genera. Highlighted areas are homologous regions across all aligned sequences. The identities

of the isolates assessed is within Table 3.53 p.' 241'2

CgLl7
c9198
C9193
csl
lCgl
Kma02
Cke
l-Cke
Cha0 1

Cha
Clu15
C1u
Ca117
Tbe
Crnn
Crng
Pno09
Cno
Ckr
lCkr
Sce
Cpa8 9

Cpa88
Cpa87
cpa
lcpa

_GGCTTTGCCTTATA.A.A.A_CACÄ.AACAAGTTTGACCTCAA.ATCCAGGTAGGATTACCCGCTGA.ACTTTATCCTATCCC.AÀTA_ _ _ - - - - - _

T_TTACCAACTCGGTGTTGATCTAGGGAGGGATÄÄ,GTGAGTGTTTT_GTGCGT-GCTG_GGCAGACAGACGTCTTTAAGTTT_ 
_ _ _ _ _ _ _ -

T-TTACCAACTCGGTGTTGATCTAGGGAGGGATA.AGTGAGTGTTTT-GTGCGT_GCTG-GGCAGACAGACGTCTlTAAG
T_TTACCÄ.ACTCGGTGTTGATCTAGGAAGGGATAAGTGAGTGTTCTCGTGCGTCGCTGAGGCAAACAGACGTCTTTAAGTTT_ _ _ _ _ - - _ _

T_GCAÄ,ACACAAÀCAÀ.ATATTTTTTTAAÀ-_CTAATTCAGTCAÀCACA.AGATTTCTTTTAGTAGAAA_ACAÀCTTCAÃÃACT____-- -__
T_NCACACACNAACA.AATATTTTTTTNAA_ _AIAATTCAGTCÄACACÄAGATTTCTTTTAGTAGAAA_ACAACTTCAAAACT- _ _ _ _ _ _ _ _

TCATAGAGACTCATAGGTGTTATAAÀGACTCGCTGGTGTTTGTCTCCTTGAGGCATACGGCTTTAC_ __ _AACTCTCÄAG

TCATAGAGACTCATAGGTGTTATAAAGACTCGCTGGTGTTTGTCTCCTTGAGGCATACGGCTTTÄÄCCÄAAACTCTCAAAGTTTGACCTCA
TCATAGAGACTCATAGGTGTTATÃÃÃGACTCGCTGGTGTTTGTCTCCTTGAGGCATACGGCTTTAACCAA.AACTCTCAÂAGTTTGACCTCA

TCTÀATCGTCCTCGGACAATTCTTGAA_CTCTGGTCTCAÀATCAGGTAGG_CTACCCGCTGAACTTAA_ __ ___---
GCTTGCTGATAACAACCATCTCTTTTT_GTTTGACCTCAA.ATCAGGTAGGGCTACCCGCTGAÀCTTA.A
GCTTGCTGATAACÄÄCCATCTCTTTTTTGTTTGACCTCAÄÄTCAGGTAGGGCTACCCGCTGAACTTA
------ÀÀrcrÀ--- - -ÀG---
T___--AÃTCTA___--AGCTC___---__ _ _GACCTCAA.ATCAGGTAGGAÀTACCCGCTGAÄCTTAAGCATATCAATÀAGC- _ _ _ _ _ _ _ _

G-_ _ _ _AGACÄÀCAÄCÃÀGCTC--_______-GACCTCÀACTCAGGTAGGAAGACCCGCÎGAACTTAÄGCATATCÄATAAGC_ ____--__
G_ ____AGACAÀCAAA.AÀGCTC____--____GACCTCÄÀATCAGGTAGGÄÀTACCCGCTGÄ.ACTTAÀ,GCATATCAATAÀGC- ________
_ _ __ __TTTGTACTG_ _AGCGTATTGGAÀCGTTATCGATA.AGÄÄGAGAGC-CTNTAGGCGGACAÄTATTCTTATTAGNAÀGA

TGÀÃCTTA___
TGÃÃCTTAAGCATATCAATAAGCGGAGGA_ _ _ _
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Figure 3.21a; Consensus tree of the phylogenetic relationships derived from ITS2

sequence comparisons for medically relevant Candida species and related genera
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0.1 substitutions/site

Figure 3.2Lb; Phylogram of the reanalysis of the ITS2 sequences of the closely related

isolates from Figure 3.21a (p.,251)

a; Calm contains identical C. albicans sequences Cal37 ,72,73 and74
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Figure 3.21.c; Bootstrap values for phylogenetic relationships based on ITS2 sequences

obtained by maximum likelihood analyses from five-hundred replicates

Bootstrap values (denoted under each branch) exceeding 75 indicate that the branch has strong statistical

support.
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4 DISCUSSION

4.1 Restatement of Aim

The specific aim of this study was;

To examine the systematics of the genus Candida using traditional

and contemporary methodologies and to assess their diagnostic

potential lo unequivocally identify and characterise species and

strains of this medically and dentally important yeast genus.

The results from each study have been discussed independently in the interpretation sections

of the Results Chapter. The following sections address the general observations from these

studies in the context of the aim.

4.2 Epidemiology of oral Candidø colonísation

Of the four-hundred and seven isolates obtained from 101 HlV-positive and 20 HIV-

negative individuals in this study, one-hundred and twenty of them (295Vo) comprised mixed

infections or isolates heterozygous for one or more enzyme loci. The incidence of mixed or

heterozygous colonisation detected in HlV-positive individuals appears high. Mixed infections

may indicate a transitional stage of strain turnover, or co-colonisation with a number of strains

or species. This observation has clinical implications for the acquisition of antifungal resistant

infections, sources of reinfection and the rapid rate of strain turnover seen as a consequence of

fluconazole use observed in this thesis, as are discussed in the relevant sections below.

Alternatively, heterozygosity has important biological relevance, suggesting that Candida may

have a sexual life cycle. This is also discussed below.

Two hundred and twenty one of the remaining isolates were classified, based on

electrophoretic data, as C. albicans (77Vo), twenty were C. dubliniensis (7Vo), one was C.

parapsilosis (O.3Vo). However, forty-five isolates were genetically different and represent a

number of other undetermined Candida species (I5.7Vo). Genetic studies have led to the

discovery of a number of cryptic species (eg., McCullough et al. 1995, Sullivan et al. 1.995),
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some with increased virulence and decreased antifungal susceptibility (eg., Anthony et al.

1995). Due to the range of species of clinical importance that were included in this thesis, not

all of them could be assessed concurrently with each clinical strain. This prevented the

accurate identification of isolates from species other than C. albicans, C. dubliniensis or C.

parapsilosis whose type strains were included in all allozyme electrophoretic analyses. A

selection of the isolates from other Candida species were assessed using 18S rRNA

sequencing. These isolates were placed in clades with the Type strains of other Candida

species, but their relationships were not well supported. The possible identity of the forty-five

"indeterrninate" strains is discussed in the taxonomy section below (Chapter 4.3 p.,266).

Epidemiological investigations are used to discriminate isolates in order to identify common

sources of infection and biologically relevant populations that are, for example, antifungal

resistant or more pathogenic subspecies. Based on the results in this thesis, it might be argued

that allozyme electrophoresis is too discriminatory for epidemiological analyses since almost

all isolates appeared genetically distinct. Conversely, the results preclude the existence of

clonal populations of Candida in the isolates assessed and support the theory that Candida is

not entirely asexual. The conservative estimation of genetic diversity obtained using allozyme

electrophoresis in other Kingdoms should also be taken into account when interpreting the

results obtained herein.

Allozyme electrophoresis is not only used to discriminate among closely related isolates but

the electrophoretic data provides information on the genetic relationships of isolates. Based on

the limited patient information that was available at the time when the clinical oral samples

were collected, strain associations with HfV status, clinical presentation and the acquisition of

antifungal resistance are discussed below. Although this information was not available for all

of the clinical strains assessed, it is possible to infer a number of clinically important

conclusions.

4.2.1 Strain vøriabilíty

Nearly all of the isolates assessed were genetically distinct within each study based on their

allelic profiles. There were four exceptions to this. They were; a strain isolated from both an

HlV-positive patient with oral hairy leukoplakia (584) and an HlV-negative individual who

had just undergone radiotherapy and was a Candida oral canier (564) (taxonomic study 2 p.,

100); another strain isolated from an oral rinse sample from a patient with oropharyngeal

candidiasis (59I) and from a throat swab of another patient with candidiasis (24) (study 9 p.,
255



ll3); a rinse and swab isolate from one patient (654 and B) with rinses from two other patients

(88K and 97E) and a lesion swab from another (964) (study 10 p., 184); and two rinse and two

lesions swabs from one patient (938, C, D and E) with rinses from two other patients (73A and

954) (study 10 p., 184). In all cases, the identical isolates may have actually been distinct

strains that were not distinguishable with the panel of enzymes utilised or may be single clones

transmitted between these individuals. Considering the degree of genetic diversity observed

between all other isolates, the strain would need to have been transmitted between the patients.

It is more likely that the strains are very closely related, but not genetically identical, especially

considering that allozyme electrophoretic data provide a conservative estimation of the overall

degree of genetic variability. Using the frameworks of genetic relationships obtained in this

thesis, it is possible to assess the relative discriminatory power of a range of epidemiological

and diagnostic techniques. For example, investigations can reveal the techniques that can

discriminate the strains with identical allelic profiles and those that are less discriminatory than

allozyme electrophoresis. However, probably the most important conclusion is that these few

isolates were the only ones that could not be distinguished, suggesting that there is a lot more

genetic variation within Candida species than has been reported previously.

Many authors have suggested that C. albicans is a clonal species due to the appearance of

the same genetic type in multiple samples from different patients (eg., Lockhart et al. 1995,

Graeser et al. 1996). The electrophoretically-identical isolates in this study support this theory.

However, the extreme genetic variation observed between all other isolates examined suggests

that Candida species may possess a sexual recombination growth phase, as has also been

suggested previously (eg., Graeser et al. 1996). This observation would support the concept

that holomorphs arise from a single genetic strain, and represent different life cycle stages of

"Candida" species.

It has been suggested that microevolution is responsible for changes in pathogenicity,

antifungal susceptibility and morphology and biochemistry of yeast strains (eg., Fries and

Casadevall 1998). The present results suggest that strain turnover is more important clinically,

because the infecting strain is rarely maintained by a patient and the replacement strain is often

very genetically distinct, either representing a different strain of C. albicans or a different

species of Candida.

The electrophoretic studies 4, 6 and 9 of this thesis described the existence of subclusters

with tied fixed genetic differences between isolates of C. albicans, wl'rich, may represent the
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genetically homogeneous subcluster of C. albicans that has been described previously as a

general-purpose genotype (eg., Schmid et al. 1999). Comparisons between isolates from these

studies is required and may lead to the description of an internationally-distributed genotype or

genotypes having arisen from different geographical regions.

Extreme genetic variation within successive strains from an individual patient has been

reported previously (eg., Anthony et al. 1995). This was evident in the present study where

there was little evidence of the maintenance of a single strain within any patient. Multiple

isolates obtained during one visit or over successive appointments were compared within single

studies for 38 patients. The number of patients where multiple strains were compared was

limited by the inability to pool data across gels from different electrophoretic studies and

limitations of resolution of some isolates that were mixed or were heterozygous at one or more

loci. Such studies require repeat analyses of multiple isolates from a patient, including separate

analyses of individual colonies for isolates identified as a mixed or heterozygous genotype.

Identical banding patterns from multiple isolates from the same patient were evident in

electrophoretic studies 3,6,J,8 and 10. In study 7 (p., 155), patient t had the same strain in an

initial rinse and two subsequent lesions despite fluconazole treatment suggesting persistence of

a fluconazole resistant strain. Also in study 7, the same strain was isolated from two rinses

from patient 22, but the strain was not isolated from a tongue lesion also present at the same

time. However, the lesion swab strain was very similar to the rinse strain, perhaps representing

a more virulent substrain that was clinically resistant to fluconazole. In study 8 (p., 164),

patient 46 had the same strain isolated from two oral rinses but the subsequent oral swab isolate

was different, suggesting superinfection with a more virulent strain. In study 10 (p., 184),

patient 65 had the same strain isolated in an oral rinse and lesion swab on the same day.

Isolates from three other patients also shared genetic identity with the isolates from patient 65

(88K, 96A and 97E), suggesting either the existence of a clonal population or that allozyme

electrophoresis was not discriminatory enough to separate them. Patient 88 had the same strain

in a preliminary oral rinse and from a subsequent lesion in study 6 (p., 145). The immune

status of this patient may have changed during the time between isolate collection allowing an

asymptomatically colonising strain to cause an infection. Alternatively, the strain became

virulent through phenotypic switching or micro-evolution as has been described by Odds

(1997). Patient 93 had the same strain isolated in four different samples in study 10 (p., 184),

suggesting strain maintenance. The first isolate was from an oral rinse and the other three were

obtained one week later from a second oral rinse and swabs of two lesions on the floor of the
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patient's mouth. The same strain persisted and caused infection in this patient, again perhaps

due to a decrease in the patient's immune status. As with patient 65, this patient's strains were

identical to oral rinse isolates from two other patients (734 and 954).

ln an electrophoretic study by Reynes et al. (1996), 10 polymorphic loci were used to show

that there is one predominant strain of C. albicans in mixed infections and that it is present for

the entire infection. The data obtained herein did not support their observation, instead

suggesting that there are a number of different strains present in mixed and single strain

infection and that often the same strain was not recovered twice within a patient. The

difference in results is probably due to the increased number of polymorphic loci assessed in

this thesis. In the present study, for 31 of the 38 patients where data from multiple isolates

could be compared, each isolate was a unique strain. (See patient 1 A, B, C and E (study 9);

patient2AandB(study9); patientlTAandB(pilotl),A,C,DandE(study4)andC,D,F,

G and H (study 6); patient 19 A, B, C and D, isolate D may have belonged to a different species

(studies 4 and 6); patient 2I A and B, isolate A may be C. dubliniensis (study 6); patient 22 A

and B (study 4); patient 23 A, B, C and D, isolates A and D may be C. dubliniensis (studies 4

and 6); patient 2J A, B and C, all strains may be C. dubliniensis (studies 5 and 6); patient 28 A

andB(studies5and6); patient29AandB(studyT); patient3lA,B,CandE(studies4and

6); patient 32 A and B (study 6); patient 34 A and B, may both belong to different Candida

species (pilot 2, study 5 and study 6); patient 40 B, D, F, H and J (studies 3 and 4); patient 42

A, B, C, D and E, strains D and E may belong to different Candida species (study 7); patient 44

G and H, strains may belong to different Candida species (study 8); patient 46 A and B (study

3); patient 50 A, B and C (study 8); patient 52 A, B and C (study 8); patient 54 G, H, I and J

(study 9); patient 58 B and C (study 9); patient 59 A, B, C, D, G, H and I (study 9); patient 60

A, B, C and D (study 9); patient 63 B, C, E, F, G, H, I, J, M, N, P, Q, R, S (study 9); patientTl

A and B (study 4); patient 84 E, F and G (study 10); patient 88 D, K, L and J (study 10); and

patient 9l E and D (study 10). These observations hint at an enormous range of undiscovered

genetic diversity within patients, especially considering the conservative nature of allozyme

electrophoresis as an epidemiological tool.

Barchiesi et al. (1997) found that fluconazole resistance could be acquired by a single strain

over time. The present data suggest that superinfection by a resistant strain is more often

responsible for the acquisition of a clinically resistant infection. As Takasuka ¿/ al. (1998)

found, there is a huge variety of strains isolated within a single patient within a short time

despite antifungal treatment. Cowen et al. (1999, 2000) found that fluconazole resistance was
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rapidly gained and lost by strains of C. albicans and that, as a consequence, genotyping

methods were unable to track or predict the resistance pattern of a strain. The data obtained in

this thesis suggest that fluconazole and amphotericin B therapy increase strain diversity by

weakening the predominant strain and allowing opportunistic colonisation by a number of

Candida strains. By chance, some of these strains are fluconazole resistant and able to survive

and cause infection. Additionally, these strains may not be detected when therapy is ceased but

may return with repeat therapy, being derived from a common source.

One-hundred and twenty isolates, from 46 HlV-positive patients and 9 HlV-negative control

individuals, were comprised of heterozygous strains or contained more than one strain in a

mixed colonisation or infection. For 6 samples, each of the six individual colonies collected

was analysed independently. In patient 17, isolates A, B, C and D all appeared mixed upon

preliminary investigation. 'When independent colonies were assessed, isolates A and B were

found to comprise 6 different strains (pilot 1) and isolates C and D were comprised of at least

two strains (study 6). For patient 40, isolate G comprised two distinct strains (pilot 2) and

patient 42 isolate D was also a combination of 2 strains (study 7). The cause of multiple bands

in the other 114 isolates was not pursued in the current study.

The ITS regions were suggested as discriminatory at the strain level by Lin et aI. (1995)

based on the detection of distinct genetic types within C. parapsilosis. The data presented

herein did not support their observation; there was no difference in the sequence of these

regions within the Candida species assessed, a result supported in a number of other studies

(eg., Shin et al. 1996,Lott et al. 1998, Reiss ¿/ aI. 1998). Instead there was extensive variation

between Candida species, suggesting that the genetic groups observed by Lin et aI. (1995) may

in fact be distinct cryptic species within C. parapsilosis. This finding illustrates the dangers of

inadequately assessing the resolving power of diagnostic techniques prior to interpreting the

results obtained using them.

4.2.2 Phenotypic observa.tions

An association between the colony morphology on cornmeal agar and biotype of a strain has

been correlated with the infections lichen planus and leukoplakia (Lipperheide et al. 1996).

The phenotypic variability seen as adhesiveness and rough appearance of colonies on

Sabouraud's agar plates in the present study is not restricted to a genetic subset of strains nor a

patient's clinical presentation. The colony morphology may instead be influenced by the host's
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oral environment. Alternatively, it may not represent a morphological switch, but may reflect

growth rate differences.

As is the case for Candida albicans, the phenotypically diagnostic characteristic of germ-

tube formation was found to be variable in C. dubliniensis isolates. This observation precludes

the sole use of this character for diagnosis of either species. Since both species have the ability

to form germ-tubes, the character may be assumed to have evolved prior to the divergence C.

albicans and C. dubliniensis, suggesting that it is a recently evolved character.

Candida dimorphism induced by changes in the environmental growth conditions (i.e.,

temperature, oxygenation, growth medium) does not affect metabolic eîzyme expression or

vary the genetic profile observed using allozyme electrophoresis. This means that switches

between blastospore and hyphal growth is a phenotypic/gene expression change that does not

affect expression of the strains basic "housekeeping" metabolic enzymes.

4.2.3 HIV status

The present study confirms findings in other studies that 40Vo of the HfV-negative

population are asymptomatic Candida oral carriers (eg.,Abu Elteen and Abu Alteen 1998).

There has been some evidence of clustering of isolates from HlV-positive or HfV-negative

individuals with oral candidiasis versus asymptomatic Candida carriers (eg., Boerlin et al.

1995, Boerlin et al. 1996). There was no evidence of such clustering in the present study.

The pilot screen in this thesis supported the phylogenetic separation of isolates from oral

versus extraoral infection into distinct clusters. However, with the addition of more isolates,

these clusters dissociated. Overall there was no evidence of clustering with respect to Candida

strain and HIV status, clinical presentation or antifungal resistance. Additionally, a single

genetically-indistinguishable strain was obtained from two unrelated individuals, one HfV-

positive with OHL and the other HlV-negative undergoing radiotherapy treatment (584 and

564, p., 100). These observations suggest that oral candidiasis is an opportunistic infection in

HlV-positive individuals and that HlV-negative individuals are a likely reservoir for infection.

The number of distinct genetic types identified in a patient at any one time is predominantly

dependent on the discriminatory power of the technique used to differentiate them. For this

reason, some investigators suggest that there is a limited subset of strains associated with HIV-
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negative individuals (eg., Mathaba et al. 1995) or that there are pathogenic types associated

with HlV-positive patients with candidiasis (eg., Challacombe et al. 1995, Wu et al. 1996).

Reynes et al. (1996) used allozyme electrophoresis comparisons of 10 polymorphic loci to

show that during infection, even through periods of mixed colonisation, a single strain

predominated. Challacombe et al. (1995) identified an increased genetic diversity of Candida

isolates in HlV-positive individuals. The present results show that each strain can be

differentiated and an equivalent degree of genetic diversity was observed in HlV-positive and

HlV-negative individuals. Also, it was not always the case that the same strain was carried

throughout the course of isolate collection (eg., patient 63 study 9 p., I73 had distinct C.

albicans strains in all samples analysed). Using allozyme electrophoresis, Boerlin et al. (1996)

similarly found that there was no genetic distinction between strains isolated from HlV-positive

and HlV-negative individuals with or without oral candidiasis, nor were there clusters of

isolates resistant to fluconazole. An increase in the number of genetic types within the oral

cavity of an HlV-positive individual may be more dependent upon their current immune status,

as is also discussed in the context of the acquisition of an antifungal resistant infection below

(Section 4.2.5 p., 263). Also, the prevalence of species other than C. albicans appeared

equivalent in both populations, unlike the study of Schoofs et al. (1998) who reported an

increased incidence in the HlV-positive population. This may be due to the small number of

HfV-negative individuals included in the present study inadequately representing the

population.

In the present study, of the 101 patients sampled, only patient 21 (study 6 p., 145) was

female. The clustering of the strains isolated from her with those isolated from the many male

patients examined suggest that there is no genetic distinction within Candida strains causing

infection based on the sex of the patient. However, the data set is obviously limited.

4.2.4 Clinical presentøtion

There were no genetic clusters of strains associated with the type of oral infection ie.,

candidiasis, oral hairy leukoplakia. In agreement with a previous observation by Boerlin et al.

(1996), there was no clustering associated with fluconazole susceptibility or clinical symptoms.

Reichart et al. (2000) have suggested that a breakdown in local mucosal immunity leads to

pseudomembranous candidiasis and that hypersensitivity against C. albicans results in

erythematous candidiasis. Therefore, it appears that the infection is opportunistic and the

clinical presentation is not strain mediated, instead being a consequence of the host immune

response.
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Strain persistence in a single patient over time was noted. In one patient, the same strain

was isolated from an oral hairy leukoplakia lesion during obvious Candida infection and from

an oral rinse sample during asymptomatic carriage. Mixed colonization with a number of

different strains and/or species of Candidø occurred both in asymptomatic carriage and

infection thus, the presence of a mixed infection does not suggest selective pressure for strain

turnover within the oral cavity. In some cases, mixed isolates were obtained from a single

lesion swab, indicating that a number of different strains may cause one lesion.

Also of clinical importance, this study shows that a swab of an oral hairy leukoplakia lesion

and a concurrent oral rinse sample can yield different strains. This means that there may be

more than one strain within the oral cavity of a patient with oral hairy leukoplakia, and that the

predominant strain is not necessarily the one causing the lesions.

Strain and species replacement occurred as often as weekly in some patients. This rapid

turnover of strains suggests a number of different sources of infection must exist. Candida

colonisation and infection is not static. Instead it is an ecological interaction between the

Candida strains present and probably the host immune status and other microorganisms in the

patient's oral cavity.

In some cases, a number of genetically closely related strains (substrains) were isolated from

a patient. The genetic relatedness of these strains suggests that they may have arisen from

microevolution of a single strain, a theory that has previously been proposed to explain the

acquisition of antifungal resistance and the subsequent persistence of an infection (eg.,

Lockhart, et al., 1996).

In many patients, different strains were isolated from recurrent infections. This suggests that

the re-emergence of infection is most likely due to a decrease in immune response and that the

infection is caused by one of many strains present in the patient's oral cavity at the time.

Different strains have been isolated from the same patient during asymptomatic carriage

prior to infection and during post-infection carriage following therapy using fluconazole or

amphotericin B. Additionally, during infection of a number of patients the strain obtained by

swabbing an active lesion was rarely the same as that isolated in their concurrent oral rinse

sample. The oral rinse technique has been assumed useful to obtain a sample of the
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predominant strain present in a patient but the present study has demonstrated that oral rinse

samples often do not contain the infecting strain.

Oral and systemic C. albicans isolates cluster, suggesting that both sites of infection are

opportunistic. Since the isolates from oral and systemic sites are genetically indistinguishable,

the oral cavity is a likely source for systemic infection. Considering this possibility, it may be

wise to assess the oral carciage of Candida in a patient prior to oral surgery, particularly in

immunocompromised individuals where there is an increased risk of ensuing systemic

infection. The detection of oral Candida may warrant prophylactic antifungal treatment, or

may alert the physician to the possibility of Candida colonisation at the first signs of systemic

infection.

4.2.5 Antifungal treatment

Using 18S rRNA sequence comparisons, a close genetic proximity of C. krusei, which is

innately resistant to fluconazole, and C. Iusitaniae, which is more likely to become

amphotericin B resistant than other Candida species, was identified. This observation suggests

that these two species shared a common ancestor more recently than with other Candida

species. Using the same data, their close genetic proximity to C. tropicalis, a species more

commonly isolated from systemic infection, indicates the possible existence of a particularly

pathogenic lineage of Candida species. Since this analysis was conducted using newly-

purchased type and reference strains of these species, the relationships obtained using this gene

cannot be attributed to contamination by other yeast species. It is, however, important to

confirm these relationships using a broader range of isolates from each species, since

relationships can alter with the addition of more sequences. It is also critical to assess this

relationship using a range of characters of varying rates of evolution because, as highlighted in

the introduction of this thesis, different characters can yield very different phylogenies.

Antifungal susceptibilities, both clinical and laboratory, were not determined for the

majority of isolates assessed in this thesis. From the available data, fluconazole resistance does

not appear to be restricted to a genetic subset of Candida strains, suggesting that it is randomly

acquired by a strain. A rapid rate of fluconazole resistance acquisition has been reported in a

single strain of C. tropicalis where it occurred during growth in a single broth containing the

antifungal (Barchiesi et al. 2OO0). Additionally, the acquisition of fluconazole resistance by a

C. albicans strain occurs more rapidly than changes in the DNA fingerprint or multilocus

genotype of the strain (Cowen et al. 1999). Conversely, the rapid rate of strain turnover
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currently observed suggests the selection of other more resistant Candida stains and species

with antifungal treatment is far more relevant. C. albicans strains that are innately resistant to

fluconazole have been isolated from the oral cavities of immunocompromised and healthy

individuals (Xu et al.2OO0).

Fluconazole treatment has been shown to increase the number of morphotypes, karyotypes

and PCR types in a patient (Takasuka et al. 1998). The vast anay of genetic types observed

herein support this finding, suggesting that there is a huge number of strains present in the

population analysed. The survival of a particular type is probably associated with its ability to

withstand fluconazole, due to a chance mutation. There must be a large array of mutations that

confer antifungal sensitivity since it occurs so readily in numerous genetically diverse strains.

A number of authors (eg., Revankar et al. 1996, Tumbarello et al. 1996, Laguna et al. 1997)

found that the immune status of an HlV-positive individual was an important risk factor for

acquiring fluconazole resistant infections. If this is the case, the inability for an HlV-positive

individual to combat Candida colonisation probably allows the survival of a larger number of

Candida strains and, by chance alone, they are therefore more likely to acquire a fluconazole

resistant strain. Additionally, since many immunocompromised individuals acquire Candida

infection, they have probably been treated with the first antifungal drug of choice, fluconazole.

These circumstances would lead to the appearance of a correlation between previous

fluconazole exposure and the acquisition of a resistant strain. If the immune status of an

individual is an important risk factor, as their HIV infection progresses, they will more often

become infected with Candida and are therefore more likely to encounter an azole resistant

strain. This would negate the importance of previous exposure to fluconazole as a risk factor

and explain the disagreement between different authors on its importance (eg., Maenza et al.

1997, Boschman et al. 1998). Instead, it is more important to identify the reservoirs for the

vast array of strains causing these recurrent infections and the origins of species other than C.

albicans of paramount clinical importance.

Persistence of a fluconazole-resistant strain during treatment with fluconazole and the

subsequent return of the same strain with repeat fluconazole treatment was detected in patient 9

(study 7, p., I55). The persistence of this strain is most likely due to reseeding of the patient's

oral cavity from a consistent source of infection, such as their partner. This highlights the need

to examine the transmission of Candida species between individuals and the possible

requirement for concurrent antifungal therapy of the partners of infected individuals.
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An amphotericin B lozenge trial was undertaken on some of the HlV-positive patients

during collection of oral Candida isolates for this thesis. Of the sixteen patients in the trial who

continued their participation and were sampled over time, nine acquired mixed infections

possibly as a direct consequence of the lozenge. One of these patients started with what

appeared to be an amphotericin B clinically-resistant C. albicans infection not resolved using

the lozenges, which then led to a mixed infection that still included the original infecting strain

(patient 9, study 7, p., 155). Another patient started with a mixed infection directly after

commencing the lozenge trial and eventually appeared to have an amphotericin B clinically-

resistant C. albicans infection, which persisted during the treatment (patient 54, studies 7 and9,

p., 155 and I73). One patient acquired an infection caused by another Candida species that

was resistant to amphotericin B (patient 19, study 6, p., 145) and another patient appeared to

oscillate between clinically-resistant C. albicans strains and strains from other Candida species

(patient 63, study 9, p., 173). Selection of what appears to be a clinically resistant amphotericin

B strain of C. albicans with treatment using this antifungal has been noted in 8 of 16 patients

herein. These combined observations suggest that the use of amphotericin B in a lozenge form

allows the survival of populations of Candida in the oral cavity. This eventuates in the

predominance of a single strain, usually C. albicans, which is tolerant to the dosage of

amphotericin B provided by the lozenge. These results become more clinically significant

when considering the possibility of a recombinatorial life cycle stage within Candida species,

providing the opportunity for the acquisition of antifungal resistance from other Candida

strains concurrently present in the oral cavity. This could lead to an increased occurrence of

amphotericin B and other antifungal resistant infections.

Despite the observed non-significant decrease in the incidence of oral candidiasis in HIV-

positive individuals on HAART therapy (eg., Ives et aI. 2001), it remains a challenging

infection for immunosuppressed individuals. Additionally, there is still restricted access to

HAART therapy and oropharyngeal candidiasis has not disappeared from the HlV-positive

population. Results from this study have suggested that there might be a resurgence of this

infection in these populations as Candida species become less susceptible to current

antifungals. A similar epidemiological study in other immunocompromised populations and

sites of infection outlined in Section 1.3.2a-e (p., 30) may begin to unravel the obvious

complexities of Candida colonisation and infection.
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4.3 Taxonomy of Cøndida and related genera

Genetic variation within and between Candida species and related genera were effectively

assessed using allozyme electrophoresis at twenty metabolic eîzyme loci. Following allozyme

electrophoresis, isolates representing the range of genetic variation observed were selected for

an investigation of the phylogenetic and epidemiological utility of the 18S and ITS 1 and 2

sequences. Sequence comparisons using the 18S rRNA gene provided an accurate phylogeny

for Candida and related genera. ITS 1 and 2 sequences were conserved within C. albicans and

so this sequence was not epidemiologically informative. Additionally, the ITS sequence was

too variable to deduce phylogenetic information for the species within Candida. Consequently,

the ITS sequence analysis results are not further discussed in this Chapter. Allozyme

electrophoresis is discriminatory at the individual strain to species level and 18S rRNA

sequence comparisons discriminate at the species to genus level (Figure 4.I p.,267). Their

combined results provide information concerning the systematics and epidemiology of

medically and dentally relevant Candida species.

Before discussing the possibility that the current Candida genus is comprised of a number of

geneÍa, it is timely to revisit the definitions of genera and species. In sexually reproducing

organisms, a species is complised of "groups of interbreeding or potentially interbreeding

natural populations that are reproductively isolated from other groups" (Prescott et al. 1999).

In asexual organisms, a species cannot be defined using the same criteria, so they comprise

"collections of strains that share many stable properties and differ significantly from other

groups of strains" (Prescott et al. 1999). These other characters may be morphological,

biochemical, and more recently genetic. There are obvious difficulties associated with the use

of these definitions when dealing with fungal taxonomy due to the ability of some species to

exist in both sexual and asexual forms that are genetically related but morphologically and

biochemically distinct. The relative importance of each character forms the basis for the

taxonomic confusion evident for Candida and related genera. Also, as stated in the

Introduction (Section 7.2.1p.,ll), Candida comprises yeast species that do not belong to other

genera rather than species that form a natural cluster.

Based on the results presented in this thesis, using allozyme electrophoresis, 18S rRNA gene

sequence comparisons and traditional identification methods confirm that Basidiomycota (ie.,

Cr. neoþrmans and T. beigelii) constitutes a genetically distinct phylum from Ascomycota (ie.,

Candida and,S. cerevisiae). Unfortunately, this appears to be where the limits of taxonomic
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strain species genus order

Allozyme electrophoresis (epidemiology)

ITS1 and 2 sequence comparisons (taxonomy)

18S rRNA gene sequence comparisons (phylogeny)

Figure 4.1; Diagrammatic representation of the discriminatory power of the techniques

assessed in the present study, for medically relevant species of the genus Cand.ida and

related genera

The most appropriate resolution level for each technique is in brackets.
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resolution for these phyla lie using these techniques ie., taxonomic divisions below the phylum

level are not strongly supported.

Within the basidiomycete species Cr. neoþrmans, the two recognised serovars aÍe

genetically distinct suggesting their separation into distinct species. Since each of these

serovars originates from different environmental sources, causes infections in different

subpopulations, constitutes distinct mating types and has distinct biochemical properties that

allow their diagnostic identification, the genetic distinction observed herein provides further

evidence for taxonomic reclassification. The two serovars have also been discriminated using a

number of other molecular techniques (eg., Meyer et al. 1993, Brandt et al. 1995, Sandht et al.

1995). However, as has been observed for other fungal species, there is a single teleomorph

associated with both serovars. Perhaps Filobasidiella neoþrmans is also comprised of two

distinct "cryptic" or previously undescribed species that remain undiscovered at this time.

The results from the present study confirm the existence of discrete species within the genus

Candida and the clusters of isolates associated with type and reference strains of currently

described species. However, the Candida species were quite distinct from each othet, having

fixed differences at 50 to 80Eo of the loci assessed using allozyme electrophoresis and differing

at one to one-hundred and forty-four bases of the 18S rRNA gene sequence compared. Using

allozyme electrophoresis, prokaryotic species ate usually defined by fixed differences

exceeding 6OVo of loci (Andrews and Chilton 1999). Therefore, results in this thesis

demonstrate that the genetic cohesiveness of the Candida genus is questionable, although the

species within it appear well defined. As a consequence of this genetic diversity, S. cerevisiae

appears closely related to and may in fact belong to the Candida genus. This is not the first

time that the taxonomic discretion of Saccharomyces has been questioned (eg., Cai et al. 1996,

James et aI. I99l). C. glabralø is phenotypically distinct from other Candida species (Bikandi

et aI. 1998b). Using allozyme electrophoresis and 18S rRNA gene sequence analyses, results

obtained in this thesis suggest that C. glabrata forms a distinct lineage, being most closely

associated with C. kefyr and S. cerevisiae. In previous studies (eg., Barns et aI. 1991, Fujita er

al. 1995, Crist et al. 1996, Cohn et aI. 1998), S. cerevisiae has been closely associated with C.

glabrata. Using both allozyme electrophoresis and 1SSrRNA gene sequence comparisons, the

present results suggest that C. kefyr is more closely related to S. cerevisiae,with C. glabratathe

next closest species.
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The data presented for both allozyme electrophoresis and 18S sequence comparisons also

confirm that Candida anamorphs and their sexual-state teleomorphs cluster closely. This

observation supports the suggestion that they actually constitute two alternate life-cycle stages

of a single genetically-defined species, confirming the need for taxonomic revision of the genus

Candida and its various teleomorph genera. In order to construct a taxonomy that is consistent

and reproducible using any identification method (traditional or contemporary), a

reclassification of the holomorph (combined anamorph and teleomorph species) into a single

species is required. Due to the genetic and phenotypic distinction between many of the

identified teleomorphs, the genus Candida would be split between a number of distinct existing

teleomorph genera. This observation has been published previously (eg., Barns et al. l99I),

but has not led to taxonomic revision.

It may transpire that yeast taxonomic clustering is not valid above the species level using

molecular data. This observation could arise due to the evolutionary age of these species, with

the accumulation of mutations and diversion between species masking their true evolutionary

origins. The 18S rRNA gene sequencing results already suggest this possibility; genetic

differences that usually resolve relationships between genera of bacterial species, resolve at the

species level in the genus Candida. Alternatively, another gene may provide a more accurate

genetic structure for yeast genera. In order for taxonomic classification to be accurately

reassessed, those Candida species for which a teleomorph has not been found yet would need

to be reclassified according to their genetic relatedness to other yeast genera. This

reclassification is obviously a massive task which will take many years to complete. Just

taking the genus Candida as an example, there are still over 190 species to be investigated in

this manner.

To add confusion to the issue, there are also controversies within some Candida species. C.

kefyr has been associated with a number of teleomorphs from different Kluyveromyces species

(Cai et aI. 1996). The results from the partial 18S rRNA gene sequence comparisons in this

thesis suggest that there may be more than one species within this genetic group. This

observation needs further investigation, but may lead to the identification of alternative species

associated with different Kluyveromyces species. Present comparisons of the 18S rRNA gene

have confirmed the genetic distinction of C. kefyr from other Candida species, as was reported

previously by Barns et aI. (1991).
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Using 18S rRNA gene sequence comparisons, Hendriks et aI. (1991) determined that C.

lusitaniae was the earliest species within the genus Candida. The results obtained herein go

further to suggest that this species forms a distinct evolutionary lineage. Despite C. lusitaniae

and C. tropicalis sharing biochemical characteristics, they are genetically quite distinct. This

observation again indicates the importance of using a combination of techniques to provide an

accurate systematic framework and the need for taxonomic revision. In the same 18S rRNA

sequencing study, Hendriks et al. (1991), identified C. krusei as a distinct evolutionary lineage.

The results of this thesis suggest that C. krusei is genetically distinct from other Candida

species, being most closely associated with C. haemulonii according to partial 18S rRNA

sequence comparisons. These results also confirm that Isstachenkia orientalis is a teleomorph

for C. krusei.

Based on 18S rRNA sequence comparisons, Cai et al. (1996) and Nishikawa et aL (1997)

identified a distinct lineage comprising C. famata, C. guilliermondii and D. hansenü. Using

this same sequence, the current results refute the existence of this genetic group, probably as a

consequence of the inclusion of more Candida species in this study. The inclusion of all

species within the genus Candida provides the most accurate indication of the genetic

relationships within the "genus".

It is obvious from the results of this thesis and those of many other authors that the

taxonomy of yeasts requires urgent revision. The results demonstrate the danger in assigning a

single "gold standard" method, such as 18S rRNA gene sequence comparisons, or phylogenetic

characters, to resolve this issue. Molecular methods are universally applicable but there are

problems associated with constructing phylogenies of organisms containing species with

different rates of evolution and the selective pressures associated with the gene of choice that

may bias the result. As an added difficulty, many of the genetic relationships currently

identified between fungi cross traditionally-defined taxonomic groups. Candida species and

their associated teleomorphs are a good example of these conflicts, where members of a single

anamorph genus are genetically associated with a diverse range of teleomorph genera and phyla

according to genetic characters. An indicator of the long-term taxonomic confusion that has

persistently surrounded the genus is the one hundred and ten synonymous names associated just

with C. albicans.

An additional consideration when conducting systematic investigations is whether the

isolates used to obtain taxonomic data are accurate representatives of their species. The only
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true representative of a species by definition is the type strain. In many investigations,

conclusions have been made on other strains from the species.

In the present study, the results were based on a limited range of type, reference and clinical

strains of species within the Candid¿¿ genus and associated genera. An unequivocal taxonomic

study would require the incorporation of a range of traditional and contemporary techniques.

These should include supportive morphological, biochemical and biological characters such as

ecological niche, pathogenicity, antifungal resistance, which are conserved within a defined

taxonomic group. The current results support the use of 18S rRNA gene sequence comparisons

for this type of systematic investigation of Candida and suggest that the 49}bp fragment of this

gene also provides sufficient data for this type ofresearch.

Using multiple clinical, laboratory and environmental isolates from each of the species

represented would confirm the validity of the current type and reference strains. To incorporate

all recognised Candida species and a range of clinical and environmental isolates is extremely

costly and time-consuming. Efficiency could be gained by first determining the most

appropriate method or combination of methods for comparing isolates.

The investigation should also include a similar assessment of the remaining one hundred and

eighty-three species within the genus Candida that are not investigated in this thesis. It would

be expected that the observed levels of genetic variation within ecological niches would be

lower than between niches. It could therefore be predicted that the other Candida species, not

isolated from human infection, would be more diverse and branches would extend outside of

the presently established framework. The results of such a study may begin to elucidate the

mechanisms of yeast infection and aid in the prevention, correct diagnosis and treatment of

infection.

The method of allozyme electrophoresis was able to accurately discriminate all of the

species and genera examined herein but the relationships between them probably exceed the

levels of resolution that allozyme electrophoresis can reliably detect. The framework obtained

using allozyme electrophoresis was not identical to that obtained using partial 18S rRNA

sequence analyses indicating that each method resolves at different taxonomic levels within the

genus Candida.
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Comparisons of the 490-bp fragment of the 18S rRNA gene sequence using additional taxa

decreased some of the internal bootstrap values but the major lineages obtained using the

complete 18S rRNA gene sequence remained well supported (Figure 3.I9c p., 223). This

indicates that although the partial 18S sequence provides an indication of the genetic

relationships between Candida species, it is not as phylogenetically informative as the

complete sequence. Also, as discussed previously (Section 3.5.3 p., 206), using the paftial 18S

sequence the branching order of C. Iusitaniae and C. krusei swapped. This is probably another

effect of analysing additional species, and suggests a need to analyse more genes to resolve this

relationship unequivocally.

In conclusion, Candida infection is opportunistic, being more dependent on the host immune

status than the infecting strain or species. Antifungal resistance is acquired by chance in a

variety of different genetic types within Candida species. Clinically resistant infections result

more often from superinfection by a resistant strain than genetic alteration of the same strain.

There are no strain differences between those carried by HlV-positive and HfV-negative

individuals or infection and carriage. Individuals are often colonised simultaneously by more

than one strain in a mixed infection. An oral rinse does not give an accurate indication of the

infecting strain or the number of strains present within the oral cavity. The genus Candida

should be revised with a number of medically-important species being reassigned to different

genera according to their associated teleomorphs taxonomic position. However, it should be

borne in mind that, in this study, the genetic relationships between only thirteen medically

relevant species of the two-hundred in the genus Candida were investigated.

4.4 Future directions

Following, are a number of future research projects proposed from the results of this study.

Some have already received grant funding and are underway at Adelaide University. Some

focus on new research areas introduced by other researchers since the commencement of this

study.

The extreme genetic variability of C. albicans oral isolates observed in the present study

may be used to contrast with the variability within extraoral isolates, particularly those from

vaginal candidiasis, another particularly problematic recurrent infection. It would be clinically

significant to determine whether the incidence of mixed infection and the rapid rate of turnover
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of colonising strains is equivalent in other such ecological niches to again determine whether

the infection is opportunistic or strain specific.

Multilocus sequence typing is a relatively new molecular biological technique based on

multilocus enzyme electrophoresis. It was formülated for systematic investigations of

Neisseria meningitidis and Streptococcus pneumoniae (Enright and Spratt 1998). Using this

technique, sequences are obtained and compared for the enzyme loci that appear

epidemiologically informative, providing increased resolution between closely related strains.

This technique could be applied to Candida species using the enzyme loci that differentiate at

the strain level herein (eg., pyruvate kinase) to further investigate the epidemiology of

colonisation and infection (currently grant funded; Australian Dental Research Foundation).

The advantage of this type of technique is that a universal database can be constructed and

stored for long-term use allowing comparisons of data between laboratories.

It has been estimated that 40Vo of healthy individuals asymptomatically carry oral Candida.

In order to determine possible sources of infection and routes of transmission, a prevalence

survey of asymptomatic carriers is required. Studying this within families may give valuable

insight into the genetic basis for carriage, transmission of genetic types between individuals,

consistency of colonization and the species and strain level differences in colonization rates.

Along these lines, a study of carriage patterns in monozygous and dizygous twins is currently

grant funded (ADRF).

The framework obtained for the genus Candida and the species within it in this study,

allows for the appropriate future selection of isolates for entire genome sequencing projects

additional to type strains. It is unwise to select a readily available strain as the representative

for a species before its relatedness to other strains is determined. By selecting a truly

representative strain, comparative data generated from other species and strains can be used to

make unequivocal conclusions regarding the systematics of yeast taxa, identification of putative

virulence factors, the acquisition of antifungal resistance and epidemiologically informative

sequence data.

The interaction between Candida species (and strains) with the human immunodeficiency

virus is a research area of particular clinical importance. Previous studies have suggested a

synergistic effect with co-colonization (eg., Pietrella et al. 1998, Teanpaisan and Nittayananta

1998). The ability of different genetic types of C. albicans identified herein to interact with
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HIV would make an interesting research topic. The results of the current study suggest that

oral candidiasis is opportunistic, but it is likely that the complex interactions between HfV, the

host immune system, other oral micro-organisms and Candida strains may be critically

important to clinical outcome. For example, it has been suggested previously that the level of

salivary histatins has an effect on the transition from asymptomatic carriage of C. albicans to

infection (Jainkittivong et al. 1998).

Whilst Candida infections associated with HlV-positive immunosuppression have been

assessed in this thesis, there are a number of other well-known potential risk factors. These

include smoking, dentures (eg., Kamma and Nakou 1997; Abu Elteen and Abu Alteen 1998),

age of the individual and the geographic location from which they originate (Kleinegger et al.

1996). These risk groups could form the basis for further epidemiological analyses.

Transmission of Candida strains between partners is a potential source of sequential

infections (eg., Schroppel et al. 1994, Lockhart et al. 1996). The recunence of strains in some

patients observed herein, before and after antifungal treatment or in successive recurrent

infections, supports this observation in the HlV-positive population. Further investigation of

this cross-transmission by obtaining Candida isolates from HlV-positive individuals and their

partners and families may confirm this theory and suggest the requirement for concurrent

antifungal treatment of potential sources of infection.

Using allozyme electrophoresis, two expressed copies of malate dehydrogenase and

hexokinase in Candida species were identified. These enzymes are involved in the TCA cycle

and glycolysis, respectively, making them essential for survival. However, it seems wasteful of

the organism to maintain two functioning copies of these genes. The enzymes produced could

be discriminated by their net charge. A future study could be to determine the biochemical

effect of knocking out one copy of the genes. The presence of two functioning copies of these

enzyme may have similarity to the isozymes of higher eukaryotes; the two forms of the

enzymes could perform slightly different functions and the characterisation of each copy may

identify these differences. Potentially there are differences between the enzymes at the

structural level that could identify them as targets for antifungal therapy. One copy could have

significant differences with human enzymes, negating associated side effects if it was targeted.

This system would require that both copies of the enzyme are essential or that loss of one copy

of the eîzyme debilitates Candida enough so that the depleted host immune system may then

be able to overcome an infection.
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4.5 Summary

Allozyme electrophoresis has proved useful in distinguishing Candida strains and loosely

grouping them into species. Using this technique a large degree of genetic diversity within and

between Candida species has been identified. Clusters of isolates showed no association with

clinically relevant characters such as infection, antifungal resistance or HlV-positive

immunosuppression. From these results it can be concluded that oropharyngeal candidiasis is

opportunistic. Using 18S rRNA gene sequence comparisons, particularly the variable 490-bp

fragment of the gene, the taxonomic validity of the genus Candida has been questioned. The

only true biologically and clinically-meaningful functional unit for asexual organisms is the

species and levels below to the individual strain. These groups allow the identification of an

organism, which brings with it information regarding its life cycle, nutritional requirements and

in the case of organisms causing infection, treatment strategies, clinical outcomes and

transmission routes. The genus, family and above is a hierarchy of convenience and not

biologically relevant, except to allow the labelling and grouping of life. Despite this, there is

still a great deal of importance placed on the accuracy of the taxonomy of organisms. Prior to

the commencement of this research project, there existed a great deal of controversy

surrounding the systematics of Candida and related genera. There continues to be disparity

conceming the taxonomic status of this genus due to proposed divisions based on conflicting

biochemical, morphological and genetic data. The results presented in this thesis do not resolve

the complexities of fungal taxonomy, nor the epidemiology of infection, but provide a much

more solidly defined framework depicting the systematics of the genus Candida. This

systematic framework provides the foundation for further investigation.
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APPENDIX 1.



Environmental sites of
isolation
faeces, shrimp, kefir, and soil

usually from sources
contaminated by human or
animal excreta, such as polluted
water. soil. air and plants.

commonly environmental

normal skin and in sea water,
faeces ofanimals, fig wasps,

buttermiìk, leather, fish and

beer.

Fish, dolphins

cheese and dairy products.

Clinical
Mvcoses
Opportunistic

Cutaneous and
opportunistic

Cutaneous and
opportunistic

Opportunistic

Cutaneous and
opportunistic

Cutaneous

Opportunistic

Cutaneous and
opportunistic

Clinical sites of isolation

major cause of septicemia and disseminated candidiasis,
especially in patients with lymphoma, leukemia and

diabetes

Represents rp to 70Vo of Candida species isolated from
infections

oral, most commonly isolated from recurrent infection
after antifungal treatment

rare, usually from skin infections

Common on the body surface often found in skin and

urine. Opportunistic cause of septicemia, pyelonephritis,
pulmonary infections, endocarditis and

hvperali mentation.
Numerous infections, mostly of cutaneous origin.
Systemic infections are rare

Rare, fungemia

Rare, superfìcial cutaneous manifestations rather than

systemic disease. Isolated from nails and lung infections

Pseudohyphae
aDlrearance
Abundant long, wavy,
branched with numerous
ovoid blastoconidia
Pseudohyphae with
blastoconidia and
terminal vesicles
(chlamvdoconidia)

Pseudohyphae with
blastoconidia and
terminal vesicles
(chlamydoconidia)

none

none

Branched pseudohyphae

with dense verticils of
blastoconidia.

none

Abundant, long, wavy,
branched, with ovoid
blastoconidia, budding
off singly, in pairs or
chains, often in a
verticillated position.
Pseudohyphae may be
scarce or almost absent.

Cell size

3.0-5.5 x 4.0-
9.0 um

2.0-7.0 x 3.0-
8.5 um

2.0-7.0 x3.0-
8.5 um

2.0-3.5 x3.5-
5.0 um
2.0-4.0 x3.0-
5.5 um

2.0-4.0 x3.0-
6.5 um

3.0-5.0 x 3.0-
6.5 um
3.0-6.5 x 5.5-
16.Oum

Cell morphology

spherical to subspherical

spherical to subspherical

numerous ovoid

spherical to ovoid

numerous ovoid

spherical to subspherical

numerous ovoid to globose

numerous short-ovoid to long-
ovoid, sometimes elongated

Species

C. tropicalís

C. albicans

C. dubliniensis

C. famata

C. glabrala

C. guilliermondii

C. haemulonü

C. kefyr

Table 1a; Morphological characters of 13 medically relevant Candida species.



Environmental sites of
isolation
beer, milk products, skin, faeces

ofanimals and birds and pickle
bri ne

cornmeal, citrus peel, fruit
juices, and milk from cows with
mastitis.

intertidal and oceanic waters,
pickle brine, cured meats,

olives and normal skin, and
faeces.

Clinical
Mvcoses
Opportunistic

Opportunistic

Opportunistic

Opportunistic

Opportunistic

Clinical sites of isolation

Infant diarrhoea and occasionally systemic disease.

Colonizes the gastrointestinal, respiratory and urinary
tracts of patients with granulocytopenia.

disseminated candidiasis, including septicemia and

pyelonephritis. Colonizes the human respiratory,
gastrointestinal and urinary tracts

very rare, peritonitis and disseminated candidiasis in a

patient on CAPD.
superficial cutaneous infections (nail) and systemic

disease (endocarditi s). Also endophthalmitis and

fungemia.

rarely isolated

Pseudohyphae
aDI,earance
Abundant long, wavy,
branched pseudohyphae
with elongated to ovoid
blastoconidia, budding
off in verticillate
branches.

Abundant
pseudohyphae with
short chains of
blastoconidia.
none

Abundant, much-
branched pseudohyphae

in a delicate tree-like
pattern with 2-3
blastoconidia in small
clusters at intervals
along the
pseudohyphae.

Abundant wavy
pseudohyphae with
verticillated branched
chains of blastoconidia.

Cell size

2.0--5.5 x 4.0-
15.0 um

1.5-6.0 x 2.5-
10.0 um

2.0-3.5 x3.5-
5.0 um
2.0-3.5 x 3.0-
4.5 um

2.5-7.0 x 4.0-
12.0 um

Cell morphology

predominantly small, elongated

to ovoid

numerous subglobose, ovoid, or
elliptical

Spherical to ovoid

predominantly small, globose to
ovoid, sometimes elongated

numerous globose, ovoid, or
cylindrical

Species

C. krusei

C. Iusitaniae

C. norvegensis

C. parapsilosis

C. viswanathü

Table 1b; Morphological characters of 13 medically relevant Candida species



Group G+C content Cell size Capsule Germ tube Pseudo-
hyphae

Urease Growth on
Cyclohexamide

Growth
at37"C

Vil
VII

35.9-36.IVo
34.3-35.6Vo

36.9Vo

39.6-40.2Vo
44.1-44.4Vo
45.9-47.\Vo

4l.3Vo
39.6Vo

43.4-46.3Vo

+
+

v

+
+
+

+

+
+
V

+
+
+

+
+

V

+
+
V

+
+
+
V

+
+
+
+
+
+

+

most +

4O.5Vo

+
+

+
+
+

V

+

46.37o

+
+

+ (small)

+ (weak)
+ (weak)

V

V

V

Species

C. tropicalis
C. albicans
C. famata
C. glabrata
C. guilliermondii
C. haemulonü

C. kefyr
C. krusei
C.Iusitaniae
C. norvegensis
C. parapsilosis
C. dubliniensis
C. viswanathii
C. neoþrmans vaÍ gattü

C. neoþrmans var neoþrmans
R. rubra
S. cerevisiae
T. beiselii

Table 2a;Biochemical characters of 13 medically relevant Candida species and 4 related genera (from Kreger van Rij, 1984)



Fermentationu
Glu Mal Gal Tre Suc Lac

+
+
v
+
+
+
v
+
+

+ (d)
+

+
+
v

v
v

V

+
v

v

+ (d)
v
v
V

+

V

V

- (some +)

+ (d)

v

+
+
V

V

v

+

v

+ (d) + (d)

- (some +) - (some +) - (some +)

+ +

V

+ (d) V

V V+ V

Species
C. tropicalis
C. albicans
C. famata
C. glabrata
C. guilliermondii
C. haemulonü
C. kefyr
C. krusei
C.lusitaníae
C. norvegensis
C. pørapsilosis
C. dubliniensis
C. viswanathü

C. neoþrmans vaÍ gattii
C. neoformans var neoþrmans
R. rubra
S. cerevisiae
T. beiseli

Table 2b; Biochemical characters of 13 medically relevant Candida species and 4 related genera (from Kreger van Rij, 1984).

a Fermentation is the production of gas independent of pH changes



Assimilation

Glu Gal Mal Tre I Starch Succ D-Man L-Ara D-Gluci Suc Sal Mel

V

+ (some -)
+

+
+ (d)

+

V

- (some +)
,l

v
+ (some -)

+

+
+ (some -)

+

+
+
+
+
+
+
V

+

+
v
+
+

+

+
v
V

+
+
+

+
+

+

+
+
+
+

+

+
+
+

+
+
+

v

+
+
+
+

+

v
V

+

+
+
+
+
+
+
+
+
+
+
+
+
+
+

+

+
+
+

+
+
V

+
+
+

+
+
v

+

+

V

+

+

V

V

+

d+

+ +(d)

VV
v
VV

V +

V

V

V

v

+
v
+

+
+
v
+
+
+
V

?

+
V

+
+
+

+ weak

+ (d)

V

+

+

V

+

;
+
V

v

v

+
+
+

+

+
+
+
+

+

+
+

+

+
?

+

+

V

V

+

+
+

v

+

v
v
+
V

+
+
V

+ (d)
+

+

+
V

v

V

V

V

V

?

+
V

V

+
+
V

+

+
+
+
+

+ (d)
+ (d)

+
+

+

+

+ +

V

- (some +)
v

C. tropicalis
C. albicans
C.famata
C. glabrata
C. guilliermondii
C. haemulonü
C. kefyr
C. krusei
C.Iusitaniae
C. norvegensis
C. parapsilosis
C. dubliniensis
C. viswanathii
C. neoþrmans
var gattii
C. neoþrmans
vat neoþrmans
R. rubra
S. cerevisiae
T,

Table 2c; Biochemical characters of 13 medically relevant Candida species and 4 related genera (from Kreger van Rij, 1984)



Assimilation
Cel D-Rib Ribi L-Sor Cit DL-Lac Pot L-Rham Lac Raf Meli Gala Ino D-Ara
v

+

+

v

+
+

V V v
v
v

V

v
V

v
V

+
V

V

+
+
+

V

v

v

v

+
+

+

+

+

v

v

v

+

V

v V

v (some +) - (some +)
v
?

+

v

V

+ +

+ + (d) +
+
V

V

v
+
V

?

+
V

V

v

v

+ + (d)
+ (d)

+ (d)

+ (d)
V

V

v

v

V

V

V

V

+ (d)

V

,|

+

+

v
- (some +)

+ (d)

v
?

+

,|

+

+ (d)
?

+
V+ (w) + (w) +

(w)
+

(w)
+
+
V

+ (d) +

++ (w) + (w) V + (d)

V v + (some -) V

V

+ (d)
V

V

V

V

+ (d)

+ + (some -) V + -(some +) v v

Species

C. tropicalis
C. albicans
C. famata
C. glabrata
C. guilliermondii
C. haemulonii
C. kefyr
C. krusei
C.Iusitaniae
C. norvegensis
C. parapsilosis
C. dubliniensis
C. viswanathii
C. neoþrmans
vat gattii
C. neoþrmans
var neoþrmans
R. rubra
S. cerevisiae
T. beiselii

Table 2d; Biochemical characters of 13 medically relevant Candida species and 4 related genera (from Kreger van Rij, 1984).

Additional characters for C andida dubliniens is identification

Sor 2-Keto N-Ae Gluc Pal D-Rib Glucur Glucon Esculin
+ + + +v

Species

C. dubliniensis



Mode of action

Binds to ergosterol, a major cell membrane component, compromising its strength. Can

cause oxidative damage to fungal cells

Inhibits step in ergosterol synthesis, decreasing cellular ergosterol and increasing

accumulation of methylated sterols.

Converted into S-fluorouracil and incorporated into RNA, blocking protein synthesis

Blocks thymidylate synthetase and inhibits DNA synthesis

Same mode of action as fluconazole

Interferes with ergosterol synthesis

Interferes with ergosterol synthesis. At high concentration, interacts with membrane

lipids causing direct membrane damage

Class

macrocyclic polyene

synthetic bis-triazole

synthetic fl uorinated pyrimidine

synthetic dioxolane triazole

synthetic dioxolane imidazole

synthetic phenethyl imidazole

Antifungal

Amphotericin B

Fluconazole

5-fluorocytosine

Itraconazole

Ketoconazole

Miconazole

Table 3; Classification of antifungals commonly used to treat Candid¿ infections. Derived from Richardson and Warnock (1994) Fungal infection;

dia gno s i s and mana g eme nt (London B lackwell S cientific Public ations).
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HIV Ant¡fungal
lsolate Code Sgx status Site ol lsolation Cand¡dias¡s lnfsction Bes¡stancs Paliont'6 Therapy Olher Notes

cBS 562

17484

cBS 834

ATCC 4ô764

1 5526

cBS 7987

cBS 4024

ATCC 22981

ATCC 2601

cBS 566

ATCC 6260

CBS ô04

ATCC 22019

UÞÞ OCO4

cBS 2466

cBS 6289

cBS 132

cBS 138

cBS 6936

Arcc 42720

CBS 94

ATCC 13803

cBS s73

ATCC 6258

cBS 5149

cBS 940
ATCC 90028
ATCC 90029
ATCC 90030
ATCC 901 18

ATCC 90112

ATCC 901 13

sk¡n disorder

human

kelir grains

human

cerebfospinal lluid

pregnant woman's
va9rna

human

ferment¡ng fru¡t

lurce

humen faeces

citrus peel juice

human

gut ol Haemulon
scturus

atr

Blood
Blood

Blood

Sputum

Cerebrospinal
fluid

Cerebrospinal
lluìd

systemic
sYstemic

systemic
gastric

C albicans Type strain

C albicâns

Kluveromyces marx¡anus (C

kefyr) b Type strain

C. kelyr

C. dubliniensis

C dubliniensis Type slra¡n

C viswanath¡i Type slrain

C, v¡swanathi¡

Saccharomyces cerevisiae

Pich¡a gu¡lliermondi¡ (C

guilliermondi¡) Type strain

C guilliermond¡i

C parapsilosis Type strain

c parapsilosis

Pichia noryogens¡s (C

noruogensis) TyPe strain

Trichosporon cutaneum Type

slrain

Cryptococcus neoformans var
gattii Type strain

C, neoformans var neoformans
Type strain

C. glabrata (Torulopsis glabrata)

Type stra¡n

Clavispora lus¡taniae (C

lusitaniae) Type strain

C lusitaniae

C lropicalis Type strain

C lropicalis

lssatchenkiaorientalis (C krusei)

Type slrain

C, krusei

c. hâemulonii Type strâin

C famata Type strain

C alb¡cans

C albicans

C glabrata

C. paraps¡losis

C. neolormans var neoformansnervous

neruous c neoformans var

Not C. alb¡cans

Taking antibiolics
BHSc

Taking antib¡otics

BHSc

BHSc

BHSc, taking ant¡b¡otics

Tak¡ng antibiol¡cs

S1

S2

S3

S4
S5

ùo
S7
ca

S9
s10
s11

s12
s13
s14
s15
s16
s17
s18
sl9
s20
s21
s22

tvl

M

F

F

M

F

F

M

F

M

F

M

M

F

M

M

F

M

F

F

F

IV

F

Undiluted Saliva

undiluted Sal¡va

Undiluted Saliva

Undiluted Saliva

Undiluted Saliva

undiluted Saliva
Undiluted Saliva
und¡luted saliva
Undiluted Saliva

undiluted Sal¡va

Undiluted Saliva

Undiluted Sâl¡va

Undiluted Sa¡iva

Undiluted Saliva

und¡luted Salivâ

Undiluted Saliva

Undiluted Saliva
Undiluted Sal¡va

Undiluted Saliva

Undiluted Saliva

Undiluled Sal¡va

Undiluted Sal¡va

Und¡luted Sal¡va

Table 1 Details of the clinical Candida isolates used

BHSc

Not C. albicans

Not C albicâns

Betadine mouth r¡nse



HtV Ant¡fungal
lsolate Code Sex slatus Site of lsolat¡on Candidiasis lnfsct¡on Resistance Pat¡ent's Therapy Olher Noles

'12716 lvl +

14130 M+

oral Swab

System¡ci Blood

Systemic; Blood

Oesophageal
B¡opsy

oral

Oral

Pancreas

Oral Buccal

lvlucosa Swab

Fluconazole,
moderale 5-
flurocytos¡ne

Fluconazole,
Itraconazole

Fluconazole,
Itraconazole, S

flurocytos¡ne

Fluconazole

Fluconazole

Ketoconazole

Penicillin

Fluconazole

+

+

l\ilixed ¡nlection with C krusei;

resistant to Fluconazole,
llraconazole and 5-f lurocytosine

Outpat¡ent Reidentitied WCH on

14l'12195 - Trichosporon cutaneum

Germ-tube negative, recurrent

infect¡on

Low CD4 count

l\ilult¡ple abscess and on liver

taken al laparotomy; from C
albicans, enterococc¡ and multiple

resistant P aeruginosa

'15526

'1 65'17

'18715

18735

+
1

?

+

1

2

2

+

IV

IV

F

17484
17640
18502

Throat Swab
Oral

Oral

17130

18527 lV ?

+

+

+

+
+

+

IV

l\il

M

Ketoconazole

llraconazole trial

?

+
,7

+
,)

M

F

Fluconazole

Blood

,IB

2A
28
5A

5B

+
+
+
+

+

+
+
+

+
+

M

M

Oral Rinse

Oral Rinse

Oral Fì¡nse

Oral F¡nse

Genetically identical

Genet¡cally identical

Genet¡cally different
++ Orâl Rinse Two colonial

in mouse modelA2

19426;
'141 to6
20719i

181toô
23603;

1C 1 to6
24452i

1D1to6
26403;

1E.1 to 6

26404,
1F 1to6

+

+

+

+

+

+

+

+

+

M

M

l\¡

tvl

M

Swab OHL tongue

Oral Rinse

Oral R¡nse

Oral Rinse

Palale Swab

Oral R¡nse

1

Oropharyngeal
candidiasis

Oropharyngeal
candidiasis

++

nil at present
Sensit¡vities requested especially

keloconazole

Sensit¡vities requested especially
ketoconazolenil at present

Was on ltrâconazole trial (placebo?),
14 days Keloconazole, now fungalin Oropharyngeal and oesophageal

lozenges candida
19436;

2A1to6

194371
28 1to6

19438;

3A1to6
1 9453;

4A'1 to6

Buccal Mucosa
swab

+

+

+

+

tv1

M

M

Was on ltraconazole û¡al (placebo?),
'14 days Ketoconazole, now fungalin

lozenges

Fluconazole

Oropharyngeal and oesophageal
candida

Fom cand¡diasis

Culture for C albicans presence

Radiotherapy for ?. Xerostom¡a

Glossitis and coaled tongue

Low CD4+ count

Sensiliv¡ty to FCZ requested

Sensitiv¡ty to FCZ requested

1 9468;
5A1lo6

'19483;

64.1 to 6
19502;

7A1to6
19503;

8411o6
21 561 :

8B1to6
27'108i

8C1to6
1 9596;

9A1to6
22487;

9B'1 too
22488i

9C.1 to 6
26072i

9D 1 to6
272621

9E1to6
27263;

9F1lo6

+

+

+

+

+

+

+

+

+

+

M

M

l\¡

M

M

tvl

M

N¡

M

M

IV

M

Oral Fìinse

Swab lloor of
mouth

Oral Rinse

Tongue swab

Oral Rinse

Oral Finse

Oral Rinse

Oral R¡nse

Oral R¡nse

,|

Oral Finse

Swab
Palate/Throat

Oral F¡nse

Swab Pharynx

Oral Rinse

+

+

+

+

I

+

7

1

?

Oesophageal?

oesophageal?

Table I Details of the clinical Candida isolates used

Prev¡ous microscopy +ve for

fungal elements but not cullured -
recultured

fluconazole

Fluconazole

Fluconazole



HIV Antilungal
lsolale Codê Sex slatus S¡to of lsolation Cand¡d¡as¡s lnfect¡on Res¡stance Patient's Therapy Other Notss

27379,
9G.1 to 6 l\¡

2738O1

9H 1to6 M

't9597:

10A1to6 lV?

1 96361

l1Altoô F
'19717:

'124'1 to 6 M

1 971 8;
'134 1to6 lV

'19719;

144.1 to 6 M

197751
'154 1to6 l\¡

'19776i

164.1 to 6 M

19777;
17A1lo6 M

20937i
17B1to6 M

22055i
17C.1 to 6 M

22O56i
17D1to6 lV

22151i
17E'1 to6 M

ttaaì,
17F1to6 l\¡

22939i
17G.1 10 6 M

22940:.
17H.1 to 6

19889;
'l8A 1 to 6

'19890;

'194 1 lo 6
22836i

19B1lo6
23720:

'19C 1to6
25002i

'19D 1 to 6
1 9905;

204I106
19995;

214,1 to 6
24090;

21B1to6
'19996:

22A1to6

26861 ;

22B1to6

27104i
22C1to6

271OSi
22D I to6

Oral Swab

Oral Rìnse

,)

Oral Rinse

Mouth Swab

l\¡outh Swaþ

Oral Swab

?

?

Oral Rinse

Oral F¡nse

Swab of Palate

Oral F¡nse

Orâl Rinse

Oral F¡nse

Palate Swab

Mouth Swab

Oral Rinse

Buccal mucosal

swab

Oral Rinse

Oral Finse

7

Oral Finse

Oral Fì¡nse

Oral Rinse

Oral Rinse

Oral Rinse

Oral Finse

OHL Tounge
Swab

Oral Finse

Oral Rinse

Swâb Fom

Oral Swab Hard
Palate

Oral Swab Floor
of Mouth +

Pseudomembranous
cand¡diasis

M

M

t\¡

M

[¡

M

M

F

F

t\¡

?

?

+

+

?

1

+

7

?

?

?

1

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

?

1

?

1

+

+

?

+

+

+

+

+

+

+

+

+

+

+

+

Orel Fìinse+

+

Fluconazole 100m9/dayfluconazole(trial)

Fung¡lin

Sensitivity to FCZ requested

Sensit¡vity to FCZ requested

C. glaþrata

Previous cultures laken - A
Cand¡da sùa¡n resistant lo

fluconazole

Fluconazole resistânt candid¡asis,

Germ tube positive, FCZ

resistance required

Resistânce to fluconazole,

ketaconazole and amphoterac¡n B

requested

Resistance lo fluconazole,
ketaconazole and âmphoterac¡n B

requested

Resistance to amphoteracin B

requested

Fesistance to lluconazole,

ketaconazole and amphoteracin B

requested

Fìesislance to âmphoteracin B
requested

Resislance to amphoteracin B

requested

+

+

M

M

M

M')

1 +M

Fietromolar ?

Oral Binse

M + Hard Palate Swab

+

Pseudomembranous
candidiasis on hard

Palate

Pseudomembranous
candidiasis on hard

palate

27290i
22G.1 to 6

27291i
22H 1 to6

27397i
221 I to6

1 9941 ;

234.1 to 6
20454i

238.1 lo 6
20473i

23C I to6
22390i

23D1to6
19942:

24A1to6

M+

M+

M+

M+

M+

M+

M+

+

OHL

2

,)

+

Table I Details of the clinical Candida isolates used

N¡lstat oral drops
Resect¡on for fom scc & rnd & rt to

bilateral neck



HIV Ant¡lungal
lsolate Code Ssx status Site of lsolat¡on Cand¡diasis lnfection Res¡stance Pal¡snt's TheraPy Olher Notss

20019;
254.'1 lo 6 l\4 + Swab +

20044i
264,1 to 6 M + Oral F¡nse ?

20939i
26B1to6 M + Tongueswab ? Azf

20069;
27A 1lo 6 M + Oral Finse 'l

20082i
278.1 to 6 lVl + Tongue Swab ?

231'l7i
27c1lo6 M + Oral Finse '?

20084:
284 1 to 6 M + Throat Swab Fed Throat Red Throal

20089;
294 1 to 6 lvl + Oral Rinse '?

z',t50?i
29B1to6 M + Oral R¡nse ?

2OO9Oi Prev¡ous isolate fluconazole

3OA 1 to 6 lvl + orat Rinse + fluconazole? on somg fluconazole a day sens¡t¡ve

20 1 68;
314.1 to 6 M + Oral R¡nse ?

20986:

318 1 ro 6 N¡l + Oral Finse OHL OHL

20987i
31C 1 to 6 M + Tongue swab OHL OHL

21527i
310.1 lo 6 l\¡1 + Oral Finse ?

24049i
31E1to6 M + Oral Rinse ?

20169; Swab OHL
324.1 to 6 l\¡ + Tongue ?

2O170i

32B1to6 M + Oral R¡nse ?

20171;
33A.1 lo 6 M + Oral Finse ?

22789i
3381106 M + OralBinse ?

2O18?i Growlh on agar sloPes veIY

34A.j to 6 M + Oral Rinse ? adhes¡ve and granular

22788i Growth on agar sloPes very

g4B j fo 6 M + Oral Binse ? àdhesive and granular

27107i
g4C .t to 6 M + Oral F¡nse 1 Candida species

20196; Swab Buccal
35A1to6 M + Mucosa ?

20197i
35B1to6 M + Swab ?

201 98;
35C 1 to 6 l\/ + Oral Rinse ?

20199:

3ôA1toô M + Oral Finse ?

20200,
374.1 lo 6 M + Oral Rinse ?

20418i
3781106 M + Tongueswab '?

20419i
37C.'1 to 6 M + Oral R¡nse ?

20339;
gBA 1 ro 6 M ? Oral Finse 1 only One Colony

20384,
394,1 to 6 M + Oral Rìnse ?

21852i
39B1to6 M + Oral Flinse ?

24442i
ggo,1 to 6 l\rl + Oral Rinse ?

26269;

39D1to6 Oral R¡nse

Oral Swab

Oral F¡nse

Oral R¡nse

Oral Finse

Oral Rinse

Oral Flinse

Oral Rinse

l\¡1 +

M+

+

+ lluconazole

fluconazole

Chemotherapy lor lymphoma,

fluconazole and miconazole

sensitivities requested

Chemotherapy for lymphomâ,

lluconazole and miconazole

sensitivities requested

Only two colonies

Cand¡da species (not Ca) yeasl,

germ tube +, looks mixed

2ø270i
39E.1 lo 6

20386;
40B1to6

22389i
40c1to6

23931;
40D.1 to 6

24192i
40E 1to6

24270i
4oF1lo6

24408i
40G.1 to 6

+

1

?

,7

?

+

+

+

+

+

M

M

M

M

M

M

Table 1 Details of the clinical Candida isolates used



lsolate Code Ssx stalus
Ant¡fungal

s¡te ol lsolation Cand¡d¡asis lnfection Res¡slance
HV

Patisnt's TheraÞv Other Notss

24853;
40H1to6

25361 ;

401 1 too
2581'1 ;

40J '1 to 6

2038?i
4'14'1 ro 6

20400;
42A1to6

20401;
428 '1 to 6

21724:
42C1lo6

23721i
42D.1 to 6

23721i
42E1to6

2O4O2l

43A1to6 l\¡

21369;
43B1to6 M

20417"
44A1to6 lV

26711 i

44B1to6 M

26712:
44Clto6 N/

27106,
440.1 to 6 M

27214',
44E1to6 M

20445i
454.1 to 6 M

20471,
46A1to6 M

2191 1 ;

468.1 1o 6 M

23934;
46C1toô M

24146i
460,1 to 6 M

25467i
46F1to6 M

26071i
46G1to6 M

20472i
474.1 to 6 M

20544i
48A1to6 M

20545;
48B1toô M

20546:
49A1106 M

20547i
50A.1 to ô M

22180i
50B1to6 M

23933;
50C.1 to 6 M

20559:
51A1to6 M

217221
518.1 to ô lV

20560;
52A1toô

20561;
528.1 lo 6

23724i
52C1to6

20652;
53A1too

21122i
53B1to6

2'1562i
53C1to6

20651 ;

54A1to6
20720',

548.1 to 6
20938;

54C.1 lo 6

')

2

,)

7

')

+

+

+

+

+

+

+

+

+

M

t\¡

M

t\¡

M

l\¡

M

M

Oral Rinse

Oral F¡nse

Oral Binse

Oral Fì¡nse

Oral Rinse

Tongue Swab

Oral R¡nse

Oral Finse

Oral R¡nse

Tongue Swab

Oral Rinse

Oral Finse

Oral Rinse

Palate Swab

Oral Rinse

Oral Finse

Swab lrom OHL

on Tongue

Oral Finse

Oral Fìinse

Oral Finse

Oral Fì¡nse

Oral F¡nse

Oral Swab

Oral Finse

Tongue Swab,

OHL

Oral Finse

Oral Rinse

Oral Finse

Oral Rinse

oral F¡nse

Oral Rinse

Oral Rinse

Oral F¡nse

Tongue Swab

Oral Rinse

Oral Rinse

Oral R¡nse

Oral R¡nse

Oral Fìinse

Oral Fìinse

Oral Rinse

Amphoteracin B?

Not previously treated

Not previously treated

Fluconazole, dosage recently

increased

Cand¡da species

Amp B sensitivity testing
requested

434.3-6 Growth on agar slopes

very adhesive and granular

Growth on agar slopes very

adhes¡ve

Candida palate and tongue

Cândida palate and tongue

Resistance lo amphoteracin B

requesled

Amp-B sensit¡v¡ty requested Trial

comPleted

OHL lateral ? tongue

OHL lateral ? tongue

Colony 52A.6 Labelled 264 6 on

lvlccarlney, 2 colony types - one
verY adhesive

While ? tongue

cand¡diasis - dorsum of tongue

534.1 -ô growlh on agâr slopes

very adhesive

+

+

7

,)

,7

+

+

7

2

OHL

,7

7

+

+

,7

2

1

OHL

OHL

?

1

,|

,7

I

7

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

,)

2

+

?

1

+

+

+

+

+

+

+

+

M

M

M

M

M

M

M

M

M +

Table 1 Details of the clinical Candida isolates used

544,'1 growth on agar slopes very

adhesive



HIV Antifungal
lsolate Codo Sex atatus S¡ts of lsolat¡on Cand¡d¡asis lnleclion Resislance Pat¡ent's TheraPy Olher Noles

2'1066i

54D 1 lo 6 lVl + Oral Rinse ?

212651
54E 1 to 6 [¡1 + Oral Finse ?

21 681 ;

54F1to6 M + Oral B¡nse ? AmphotericinBtrial

22323i
54G,1 to 6 l\4 + Oral Rinse ?

22326i
54H1to6 M + OralFìinse ? Amphoteric¡nBtrial

228081
541 1 to 6 l\4 + Oral Rinse ? Amphotericin B trial

Oral

243941

54J 1 to6

24395i
54K.1 lo 6

20649,
554 I to6

22125i
55B1too

20650:
564.1 to 6

21 680;

568 1 to6
20701;

57A1to6
207O21

578 1 to6
21 61 8;

57C 1 to6
20698:

58A1to6

Oral Rinse

Oral Swab

Oral Fl¡nse

Oral Rinse

Orâl F¡nse

Oral Rinse

Tongue Scrape

Oral Fì¡nse

Oral Rinse

Oral Flinse

Tongue Swab

Oral B¡nse

Oral Fìinse

Oral Rinse

Tongue Swab

Palate Swab

oral B¡nse

Oral Finse

Palale Swab

Oral Finse

Oral R¡nse

Oral Rinse

l\¡outh Swab

Oral Rinse

Tongue Swab

Palate Swab

Tongue swab

Mouth swab
(penile swab not

sent over)

Oral Swab

Tongue? Swâb

Oral Rinse

Oral swab

Oral swab

pseudomembranous
candidias¡s

Oral
pseudomembranous

candidiasis

+

+

+

+

M

¡/

M

M

+

+

+

+

+

+

M

M

tvt

M

M

M

carfler

caríer

,)

I

,)

OHL

Amphotericin B trial

Amphoter¡cin B trial

Post rad¡otherapy patient, not
HIV+ 564.2 and .4 growth on

agar slopes very adhesive

Post radiotherapy pat¡ent

CD4<200, OHL tongue and coated

with white plaques

CD4<200, OHL tongue and coated

wilh white plaques. 588.5-6
Growth on agar slopes very

adhesive and granular

594 4 Growth on agar slopes very
adhesive and granular

HIVAb+, immunosuppressed,
clinical HSV of penile shafl

White plaques on retromolar

20699;
588.1 to 6

223OSi

58C1to6
27264;

58D.1 to 6
20700i

59A1to6
24877;

59B1to6

24878i
59C '1 to 6 l\il

24479i
59D1to6 M

25003;
59E.1 lo 6 ¡/

25004;

59F 1 106 M

25362i
59G.1 to 6 M

25884;

59H 1to6 l\,1

26625i
591.1 to 6 M

2O734i

604 1 to6 M

25952;
608.1 to 6 M

25953:

60c1to6 M

25954;
60D.1 to 6 l\il

21 006i

614 1to6 M

21123i
624.1 to 6 ¡/

2s885:
6281to6 M

21128i
ô3A1to6 M

21129i
6381to6 l\¡

2'1 130;
63C1to6 M

22057:
63'C.1 lo 6 M

+

+

+

+

+

t\4

M

M

t\¡

M

OHL

1

?

7

l\red¡an Rhomboid ?

Erythematous

cand¡das¡s hard palate

+

2

1

7

7

?

'7

7

?

,)

7

,)

?

OHL and candidiasis

OHL and candidiasis

OHL and candidias¡s

?

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Table I Details of the clinical Candida isolates used

mucosa



lsolate Code Sex status
Ant¡fungal

site ot lsolat¡on Când¡dias¡s lnfection Res¡stanca
Htv

Pal¡ênt's Therapy Other Nolss

22058i
63D1to6 lV

22236,
63E1to6 M

63F.'1 lo 6 l\¡

222381
63G'1 to6 M

22325i
63H 1 to6 M

22616;
ô31 '1 to 6 l\4

22619:
63J 1to6 lV

226201
63K1to6 M

231 16;

63L 1 to6 M

23118i
63[/1to6 lV

23317:
63N l toO M

2331 8;

6301toô l\¡

63P.1 to 6 M

23722i
63Q1to6 M

29723i
63F.'1 to 6 l\¡

24131"
6351to6 M

21264i
644'lto6 M

21 369;
648.1 lo 6 l\¡

25O43i
64C'lto6 M

21 333;
65A 1 to6 M

21334;
658.1 to 6 l\¡

21367',

ôôA 1 to6 M

21 563;
668.1 to 6 M

2223?i
66D.1 to 6 l\¡

22618i
6ôE1to6 M

22623i
66F1to6 M

231 19:

66G1106 l\¡

21368;
674.1 to 6 M

2 1 5ô0:
68A1to6 M

23932i
6881to6 M

2531 6:
68C1to6 M

25317i
ô8D'1 to6 M

25810r
68E1toô M

26283i
68Fltoô M

265571
68G.1 to 6 M

27197i
68H1to6 M

27'198i
681 I to6 M

21682i
694.1 lo 6 M

21ô83;
704 1 to6 M

21723i
71A1to6 M

21 853:
71B1lo6 l\¡

21912:
72A1to6 M

+ Oral F¡nse

+ Tongue Swab

+ Palate Swab

+ Oral Fìinse

+ Oral Rinse

+ Oral Rinse

+ Oral Swab

Oral Swab
+ longue

+ Oral Swab

+ Oral Finse

Oral Swab, lateral
+ border of tongue

+ oral Swab

+ Oral Rinse

+ Oral Rinse

+ Swab

+ Oral Rinse

+ Oral Rlnse

+ Oral Finse

+ Oral R¡nse

+ Oral Rinse

+ Oral Swab

+ Oral Rinse

+ Cand¡da culture

+ Oral R¡nse

+ Swab

+ Oral Finse

+ Oral Rinse

+ Oral B¡nse

+ Oral F¡nse

+ Oral Rinse

+ Oral Rinse

+ Pharynx Swab

+ Oral R¡nse

+ Oral Rinse

+ Oral R¡nse

+t

+ Oral F¡nse

+ Oral Rinse

+ Oral Rinse

+ Oral Rinse

+ Oral Rinse

+ Oral Flinse

1

pseudomembranous
candidiasis

pseudomembranous
candidiasis

pseudomembranous
cand¡diasis, OHL

likelihood

Cand¡diasis (buccal

mucosa)

?

1

7

1

Amphoteracin B lopical therapy

Amphoteracin B topical

not Candida albicans, unidenlif ied

Candida species

not Candida albicans, unidentilied

Candida species

Amp-B sens¡t¡vity requested

Both cultures labelled 68E 1

Angular chel¡ta?

?

7

7

2

OHL

OHL

')

7

2

OHL?

,7

1

,|

,)

'7

7

2

7

,|

I

,7

I

7

,7

I

2

I

Tabte 1 Details of the clinical Candida isolates used

Candida glabrata



Htv Anr¡fungal
lsolate Cod€ Sox slalus Sile of lsolat¡on Candid¡46¡s lnlsction Rosistance Patient's Olher Not6s

73A.1 10 6

74A1to6
22324;

754,1 to ô

22364;
7ô4.1 to 6

22365i
7ôB1to6

22366i
ZA,1 to 6

22367i
77B1to6

22422i
784.1 to 6

22423i
79A1to6

22489i
80A1toô

22617:
81A1to6

22621i
824 '1 to 6

226221

894.1 to 6

22790,
84A1to6

22791:
848.1 to 6

26410;
84C 1 loo

27196i
84D.1 to 6

27230i
84E 1 to6

27311',
84F.1 lo 6

Oral Rinse

Oral Swab

Oral Rinse

Oral Rinse

Oral Rinse

Oral Swab

Orâl Rinse

Oral Rinse

Swab - Floor ol
Mouth

Oral Rinse

Oral Rinse

Orâl Rinse

Oral Finse

Oral Rinse

Palate Swab

Tongue Swab

1

Oral F¡nse

Oral Hinse

Oral Swab

Oral Swab

Oral F¡nse

Tongue Swab

Oral Rinse

Oral Rinse

Oral Swab

Oral Rinse

M

tvl

M

M

IV

tvl

M

M

l\¡

t\¡

M

M

t\¡

M

M

t\¡

tvt

M

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

,7

,|

2

I

2

,|

2

,)

2

,)

,7

I

')

+

+

+

7

'l

Not C a/blcâns

Not C. â/ö,bans

Fluconazole

Fluconazole

cD4 160

two 8 14 2 and 81 4.3, no 81 4 1 or
814 4 - relabelled

Cand¡da species

Sensit¡vity lo lluconazole,
¡traconazole, ketoconazole and

amphoteracin B requested

Sensit¡v¡ty to f luconazole,
itraconâzole, keloconazole and

amphoteracin B requested

Cândida species, not C albicans

Orâl pseudomembranous
cand¡diasis, sensiliv¡ty lo
amphotericin B requested

Oral pseudomembranous
candidiasis, sensitiv¡ty 10

amphotericin B requested

candidiasis, oral ha¡ry leukoplakia

candidias¡s, oral hairy leukoplakia,

sensit¡v¡ty to amphoteracin B

requested

candidias¡s, oral hairy leukoplakia,

sensil¡v¡ty to amphoteracin B

requested

pseudomembranous candid¡asis,

oral hairy leukoplakia, sens¡tivity to
amphoterac¡n B requested

pseudomembranous candidiasis,
oral hairy leukoplak¡a, sensitiv¡ty to

amphoteracin B requested

Germ tube pos¡live

Fìesistance to ampholeracin B

requestêd

Candida species, germ lube + bul

?, m¡xed with other yêasls

27312',

84G1to6
233 1 6;

854.1 to 6
23501 ;

86A1to6
23559;

87A1loô
24050;

884.1 lo 6

26170i
88B1to6

261.71:
88C.1 lo 6

262s6;
88D1to6

26257;
88E.1 lo 6

26258i
88F1loô

26367i
88G1to6

Left buccal
mucosal swab

7

2

1

M

M

M

tvl

M

+

+

+

+

M

M

M

tvt

none

+M

+tvt

Right buccal
mucosal swab

Oral Rinse

Left Buccal
Mucosal Swab

Pseudomembranous
candidiasis over OHL

263ô8;
88H I toô

26860;
881.1 to 6

27212i
88J 1 to4

27213i
88K 1 to4

24130i
894.1 to ô

24213i
904.1 to 6

24256i
914 1 to6

Oral Rinse

Swab Buccal
Mucosa Left

+

+

+

+

+

+

+

M

M

M

M

M

M

M

Oral Rinse

Oral Binse

Oral Rinse

Oral Rinse

Pseudomembranous
cand¡d¡asis over OHL

I

?

')

1

7

Table I Details of the clinical Candida isolates used



Anl¡lungal
lsolate Code Sex stalus S¡ts of lsolalion Cand¡diasis lnlgction Res¡stance

HV
Patisnt's Thsrapy Other Nol€s

2543ô:
92A1to6 +M Oral Rinse ?

26172i
934 I to6

26369;
93B1to6

26459i
93C1to6

26460;
93D 1 toô

26461i
93E1to6

2ô458:
94A1to6

26609;
95A1to6

26859;
964.1 to 6

27O72i
97A1to6

?

1

')

?

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

t\¡

M

M

t\4

t\¡

M

M

t\,ll

t\¡

M

t\4

M

M

F

t\¡

Oral Swab
Tongue +

Oral Rinse ?

Oral Flinse ?

Lefl Swab Floor of Pseudomembranous
Mouth candid¡as¡s?

Pseudomembranous
Right FOM Swab cand¡diasis?

oral Rinse

Oral Rinse

Cheek Swab

Oral Rinse

Oral Swab

corners of mouth

Oral Swab angle

of mouth

Oral Fl¡nse

Oral Rinse

Oral Rinse

Oral R¡nse

angular chelit¡s

Pseudomembranous candidias¡s,
lelt tongue, lateral border,

sensitiv¡ty to amphotericin B

requested

sens¡tiv¡ty to amphoteric¡n B

requested

sensitivity to amphotericin B

requested

sens¡t¡vity to amphotericin B

requested

Sensitivity to fluconâzole
requesled

Candida species, Sens¡liv¡ly to
lluconazole requesled

Sensit¡vity to amphoteracin B

requested

27110i
978 'l to 6

27229i
97D 1 too

27O73i
984 1 to6

27199i
994.1 1o 6

27265,
'1004 1 to 6

27289,
10141 to6

Table 1 Details of the clinical Candida isolates used



Enzyme locus Loadins position Running time Running buffer Special conditions
ACON
ACP
ADA
ADH
ADH
ADHU
AK
ALD
ALD
AP
AP

cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode

lr/zhr
IVzhr
IVzhr
thr
lVzhr
Ir/¿hr
lY2l1r
lY2bI
lr/¿lnr
lVzhr
lVthr

Phos
TM
Phos
CP
Phos
TM
TM
TM
TM
TEB
TM

TM

l.2ml70VoEIOH
1.6 ml ljVo E'IOH

Post couple lVzhr
Freeze thawed +
sonicated samples
Post couple 2Vzhr
Freeze thawed +
sonicated samples
l.2ml DCIP

sample preparation
testing

negative stain

Freeze thawed +
sonicated samples
Freeze thawed +
sonicated samples
Freeze thawed +
sonicated samples
Frceze thawed +
sonicated samples
Freeze thawed +
sonicated samples

DIA
ENOL
ENOL
EST
EST
FDP
FDP
FUM
FUM
GDA
GDH
GDH

AP

GDH
GLDH
GOT
G6PD
G6PD

G6PD

G6PD

G6PD

G6PD

cathode

cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode

cathode
cathode
cathode
cathode
cathode

middle

anode

cathode

middle

thr
thr
lr/¿hr
thr
\L/¿hr
IV2l:E
lr/¿hr
thr
lV¿hr
thr
thr
lYzhr

lr/qhr
IYzhr
thr
thr
2hr

lV+hr

2IrI

2 l1r

2hI

2hr

Phos
CP
Phos
Phos
TM
TM
Phos
TM
TM
Phos
TM
TM

Phos
TEB
Phos
TM
CP

Phos

CP

CP

Phos

u Enzymes in bold are those used in the study and the final conditions optimised for them (contained within
Table2 of the Materials and Methods Chapter).

Table 2; Details of the enzyme loci screened for the allozyme electrophoresis component of
this thesis.



Enzvme locus Loading position Runnins time Runnins buffer Special conditions
G6PD

G6PD
GPI
GPI

GPI
GPT
HK
HK
HK
HK
HK
HK
HK
HK
HK
HK
HK
HK
HK
HK

HK
IDH
IDH
IDH
LDH
LDH
LDH
MDH
MDH
MDH
MDH

HK

HK

HK

HK

HK

anode

cathode
cathode
cathode

cathode
cathode
cathode
cathode
middle
anode
cathode
middle
anode
cathode
middle
anode
cathode
middle
anode
cathode

middle

anode

cathode

middle

anode

cathode
cathode
cathode
cathode
cathode
middle
anode
cathode
cathode
cathode
middle

2hr

1r/¿hr
thr
IVzhr

Phos

lrÁl¡.r
thr
thr
lVzhr
IVzhr
IVzhr
LVzhr
IVzhr
IVzhr
IVzhr
IVzhr
IVzhr
IVzhr
lVzhr
Ir/zhr
2hr

Phos
TM
TM

Phos
Phos
TM
CP
CP
CP
Phos
Phos
Phos
TEB
TEB
TEB
TM
TM
TM
CP

CP

CP

Phos

Phos

Phos

TM
Phos
Phos
Phos
Phos
TM
TM
TM
Phos
CP
CP

2hr

2hr

2hr

2 l1r

2br

Freeze thawed +
sonicated samples

sample preparation
testing

Freeze thawed +
sonicated samples
Freeze thawed +
sonicated samples
Freeze thawed +
sonicated samples
Frceze thawed +
sonicated samples
Freeze thawed +
sonicated samples
Freeze thawed +
sonicated samples

lr/¿hr
thr
lVzl'ß
lr/¿}¡lr
thr
IV2bl
IY2l'tr
thr
IYzlllr
lVzbI
lYzhr

u Enzymes in bold are those used in the study and the final conditions optimised for them (contained within
Table 2 of the Materials and Methods Chapter).

Table 2; Details of the eîzyme loci screened for the allozyme electrophoresis component of
this thesis.



Enzyme locus Loading position time Running buffer Special conditions
MDH
MDH
MDH
MDH
MDH
MDH
MDH
MDH
MDH
MDH
MDH

anode
cathode
middle
anode
cathode
middle
anode
cathode
middle
anode
cathode

cathode

cathode
cathode

IVzhr
lVzhr
lVzhr
IVzhr
lVzhr
lVzbr
IVzhr
lVzhr
lVzhr
lVzhr
lV+hr

lVchr

lVzhr
IY4llr

IV+hr

CP
Phos
Phos
Phos
TEB
TEB
TEB
TM
TM
TM
CP

MDH

ME
ME

TM

Phos

TM

CP

Freeze thawed +
sonicated samples
Frceze thawed +
sonicated samples

Freeze thawed +
sonicated samples
Freeze thawed +
sonicated samples

ME cathode

MPI
NDPK
NDPK
NP
NP
OGR
PepA
PepA
PepA
PepB
PepB
PepC
PepD
PGAM
PGAM
6PGD
6PGD
6PGD
PGK
PGM
PGM
PK
PK
UMPK

cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode
cathode

lVzhr
lVzhr
lr/¿hr
lVzhr
lr/¿lnr
lV2br
thr
thr
lr/¿l¡.r
thr
lV¿hr
thr
thr
thr
lrÁhr
thr
IVzhr
tr/qhr
thr
thr
lr/¿hr
thr
lr/¿lnr
thr

TM
TEB
Phos
Phos
Phos
Phos
CP
CP
CP
CP
CP
CP
CP
CP
Phos
TM
TM
Phos
CP
TM
Phos
CP
Phos
Phos

u Enzymes in bold are those used in the study and the f,rnal conditions optimised for them (contained within
^lable 2 of the Materials and Methods Chapter).

Table 2; Details of the enzyme loci screened for the allozyme electrophoresis component of
this thesis.



100p1 of5Vo Chelex beads

5pl cell pellet u

Place the beads and cells into a reaction tube.

Incubate the mixture at 56'C for 20 minutes

Vortex

Incubate for 8 minutes at 100"C

Centrifuge for 3 minutes to pellet the Chelex beads

Remove the supernatant and place into a fresh reaction tube.

Re-centrifuge, then retain all but the last 10-20p1 of supernatant for PCR amplification b

u Use the cell pellets harvested for allozyme electrophoresis, after sonication and lysate collection

b One Chelex bead is enough to inhibit PCR amplification.

Table 3; Protocol for the extraction of DNA from Candida using Chelex beads



PCR mix

5pl of one of the initial PCR primers u

8pl dye terminator sequencing kit mix

5ttl PCR product

2¡tIIt2O

u One reaction per primer

PCR protocol

94"C for 30 seconds

25 cycles of 94"Cfor 30 seconds

50"C for 15 seconds

60"C for 4 minutes

hold at 4"C

Table 4; Protocol for the sequencing PCR used.



Add 80¡rl H2O to the 20¡rl sequencing PCR product

Transfer to a reaction tube containing lOVo vlv Na-acetate and 2.5 volumes IOOVo EtOH

Incubate overnight at -20"C

Centrifuge for 30 minutes at 15,000rpm at 4oC

Discard the supematant

Add 500p1 of '|OVo EtOH to the pellet

Centrifuge for2O minutes at 15,000rpmat4"C

Discard the supernatant

Dry the pellet at approximately 60'C for no more than 5 minutes

Table 5; Ethanol precipitation protocol used for purifying the sequencing PCR product
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I 8715

86

17 130

29
92

r 4130

73

15

75

18521

15

50
47

86

16517

50
t3
67

67

8 J

17484

92
83

82
55
s8
92

I 8502

t5
58

36
61
38

29
100

12716

46
50
75

51

82

23

29
85

1 8735

75
46
85

25

46
67

58
62
86

17640

54
38

23

15

58
43
58

3l
2l
85

t6212
43
43
57
40
92

46
2l
11
50
40
80

Isolate
17640
I 8735
r2116
18502
17484
165t7
t8527
14130
t7 130
18715

15526

Table 1; Matrix of the percentages of loci at which fixed differences occurred in the Pilot Screen.
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40
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s
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50

40

50
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Table 2;Matrix of the percentages of loci at which fixed differences occurred in Pilot Study 1.
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90030
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80
30
56

I0
70
14
30
0

35

75
0
85

80

80
0
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90028

65

59
4t
53

53

59
59
38
53

65

53

s9
65

76
59
41
65

Isolate

ATCC 9OO3O

704
544
564
C1

ATCC 90029

s2l
S8

s23

348

18715

17484

344
54K

62A

304
tss26

Table 3; Matrix of the percentages of loci at which fixed differences occurred in Pilot Study 2
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Table 4; Matrix of the percentages of loci at which fixed differences occurred between clinically-important species within
the genus Candida and related genera according to allozyme electrophoresis results in the Taxonomy study.
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Table 5; Matrix of the percentages of loci at which fixed differences occurred between clinical isolates and type and reference strains from
vaflous Candida species, particularly those other than C. albicans.
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Table 9; Matrix of the percentages of loci at which fixed differences occurred in Study 4
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86
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55

60

78
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50

tl

:ì3

4t)

22

61

4-ì

30

4

70

40

33

61

70

50

m

1t

40

31
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55

40

50

38

75

38

33

44

56

44

50

60

57

38

25

13

43

22

38

5f)

6J

-5ó

67
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56

63
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s0

60

4.1

50

67
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56

40

21

50

I

2t

1l

25

30
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40

9

t1

33

l0

44

40

25

15

6.1

21

u

44

m

,t0

50

63

78

l0

70

55

36

40

50

61

50

44

83

61

lslåte

ólM

21C

Table 14; Matrix of the percentages of loci at which fixed differences occuned in Study 9
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44
56

43
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67

7l
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88
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57
63
57

88

r00
56
86
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6'7

6',7

93C

o/
9
3l
30
25

0
l3
58

9
l8
t5
25

l8
44
z0
38

8

0
0
89
38
l0
l0
36

45
25

8

56
lt
33

0
o

lsolate

cBs 604

96,\
8lìL

82^
88t)

93u
'7t^
90^
91lJ

88J

934

6óC

911)

¡t4ìì

14^
168
84G

938

73^
CBS 7987

75À

658

654
92A
89^

17/\
88K

CBS 562

848

954
93D

Table 15; Matrix of the percentages of loci at which fixed differences occurred in Study 10
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38
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42
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38

23

JJ

73

46
30
29

21

C6

2',1

9

60
70
J-t

t7
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0
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36
t8
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9

s13

27

25

3l
54
73
38

JJ

25

31

10
64
25

JJ

3l

s20

38

45
46
29

69
58
62
38

42
36
70
58

36
3l
36

s25

62
67

82

1t
19

92
75

85

85
'7',7

61

64
15
80
54
1l

l00A

11
42

82

60
50
50
77
3l
50
58

58
64
'73

67

44
46
s0

s17

s0
71

-lJ

31

0
23

7

62
67

38

8

t7
,7

80
JJ

18

23

t4

CBS 604
75

77

92
83

73
'73

85

83

83

92
50
77
75

64
92
83

70
67

17

Isolate
s17
r00A
s25
s20
s13
C6
994
sl1

CBS 562
CBS 7987

S2

s15
cl5
C3

cl6
CIB
S5

S9

ct2

Table 16; Matrix of the percentages of loci at which fixed differences occurred in Study 1 I



CkeM6 03 03

TqM603l-1
cvM6 03 0 9

csM6 03 04
CpM603 0?
ctM603 0 8

CkrM6 03 0 5

ckrM55 52 I
c1M5 5 52 6
cl-M603 06
caM603 02
CaÀJ005123

bcN114¿7
cdx9 93 9 9

c rM5 5 52?
Ðhx62649
Dhx58053
Scvo1335
Sc,I013 53
Cgx5183 L
Kmx89522
Kmx89524
Knx89523
CnLo 5 42 8
FrLY60183
CnLl542'7
cnM5 5 62 5
TcX6 0182

------N.ATCTGGTTGATCCTGCCAGTÀGTCATÄTECTTGTCTCMGATTMGCCATGCÀTGTCTÀÀGT.ATNAGCAÂ-TTTÄTÀCAGTCÀÂNCTGCGAÀTGGCTNNNTAMÍÐÀG TATA':
_-____NATCÎGGTTGATCClECCÀGTAGTCATNTGCTTGTCTCAMGAMMGCCATGCÀTGTCTÃ.{GTATNAGCM-TTÎÀTÀCÀGTCÀ.ATCTCCGMTGGCTCATTMîi?ìíTTTÀi¡

--____NÀTCTGGTTGÀTCCTCCCÀGTAGTCATÀTGCTTGTCTCÀUGATTMGCCÀTGCATGTCT.AAGTÄTMGCM-ÎTTÀTÀCÀGTGA.A.ACTGCGMTGGCTCÀTTAAÂ1€{ûTTÀ9
-----NNATCIGGTlEÄTccTGccAGTÀGTCATÄIGcTTGTcTCMGATTÀÀGccÀTGCATGTCTMGTÀTMGCÀÀ,-TTT.ATÀC.&GTGÀAÄCTGCGAÀTGGCTC.åTTA.AÄ,iËã#itf4I¡
------NMCTGGTTGÀTCCTcCCAGTÄcTCÄTATGCTTGTCTCAAÀGÀTTMGCCATGCATGTCTÀÀGTÀT.A¡.GCM-TTTÀTÀCÀGTGÀÀÀCTGCGA.\TGGCTCNTTmîe.ÀÊr!q*f
-_--__NTCTGGTÍCÀTCCTGCCÄGNGTCATATCCTTGTCTCMGATTMGCCATGCATGTCTA.\GTÀTMGCM-TTTATÀCÀGTGÀÀÀCTGCGMTGGCTCÄTTM?CùT}TIåI
-----TNÀTCTGGTTGÀTCcTGccÀGTÄGTcATÀTccTNGTcTCÀ.A.AGATTÃ.AGcCATGCATGICTÀÀGTÀTA,\GCÀ---TTÀTÄCÄGTGÀÀÀCTGCGÀ.ATGGCTNÀTT]WÍëA$ DA.I

- - -..-TATCTGGTTGATCCTCCCAGTÀGTCÀTÀTGCTTGTCTCIWGAÎTÀÂGCCÀTGCÀTGTCTA.AGTÀTÀÀGCÀ- - -TT.AT.ACGGTGAÀÀCTGCGÀÀTGGCTCÀTTAÀÀTçàq¡EAT

------TÀTCTGGTTGÀTCCTGCCAGTÀGTCÂTATGCTTGTCTC]WGÀTTÀÀGCCATGCÀTGTCTA.AGTÀTÀÀGCÄ---TTÀ,TÀCÀGTGÀÀ.ACTGCGAÀTGGCTCÀTT.AÀ.4?CÀêtYT¡À'I
-----TNÀTCTGGTTGÄTCCTGCCÀGTÀGTCÀTÀTGCTTGTCTCJHGÀTTMGCCATGCÄTGTCTMGTATAÀGCA.A,-TTTATÀCÀGTGNCTGCGMTGGCTCÀTTAÄAÍTÃË'IÍÃ.Î

______li::l::ll::l::l:::i:li:l:ilil::ll:l:l:ï:1llï:::iT:iTl:li:lilï:ffi-Hiiiffffi:ffi:i:::ffii:::;:åiiffiffiffii
-------ttÀëffÀ$

________-cTGGTTGÀTccTGccAGTÀGTCÀTÀTGcTTGTcTcÀÀÀGÀTTAÀGCcÀTGcÄTGTCTMGTAÎAÀGCÀ.4_TTTÀTACÀGT€MCTGCGMTGGCTCÀTTMI'*ÀG.FT]!t

------TÄTcrccrrcÀTccrcccÀcrÀcrcÀTÀTccrrcrcrcAÀÀcÀTTMGCcÀTGcATGTCTMGTÀTAÂccM-TTTATACÄGTcmcrccGÀÀTGGcrcATTm'itcaçftÁ"
GTCGACAÀCCTGGTTGA,lCCTGCCÀGTÀGTCÀTÄTGCTTCTCTCÀÀÀGÀTTA.{GCCÀTGCÀTGTCTAÀGTÀTÀÀGCA-A-TTTATÀCÄGTGA.AÀCTGCGAÀ1çGCTC.ATTAÀÄTçåIçf,{ÂT

--____TATCTGGTTçATCCTCCCAGTAGTCÀTÀTGCTTGTCTCA.AAGATTAÀGCCÀTGCÀTGTCT.AÀGT,ATMGCAÀ_TTTÀTÀCÀGTGA.A.ACTGCGUTCGCTCÀTTÀAÂtÈÀ€1¡1¡Àt
------TÀTcTGGTIGATCcTcccAGTAGTCÀTÀTGcTTGTcTCmGATTÀAGccÀTccATGTcTMGTÀTMGCAÀ-ÎTTÀTACAGTGMCTGCGMTGGCTCÀTTÀÀÂÙCÁCÐçÁ'¡
- - - - - -TÀTCTGGTTGATCCTGCCÀGTÀGTCATÄTGCTTGTCTCAÀÀGÀTTMGCCÄTçCATGTCTAÀGTÀîÀÀGCÄÀ-TTTÄTÄCÄGTGMCTGCGÀÀTGGCTCATTMîCÀ#¡îåfi
------TÃ.TCTGGTÎGÀTCCTGCCÄGT.AGTCATÀTGCTTGTCTCAÂÂGÄTT.A.AGCCÀTGCAÍGTCTÀÀGTÀTAÀGCÀÀ-TTTÀTÀCÀGTGÀÀÀCTGCG.AÀTGGCTCÀTTÀAÀICÀ1iI¡i¡|ÀI
---------CTGGTTGÀTCCTGCCÀGTÀGÎCÀTÄTGCTTGTCTCAUGATTÀÀGCCÀTGCÀTGTCTAÀGTÀTMGCÀÀ-TTTANÃNAGTG.A.AÀNNGCGMTGGCTCÀTTÀÀATÈAëT'¡'41
---------CTGGTTGÄTCCTGCCAGTÀGTCÀTÀTGCTTGTCTCMGÀTTAÀGCCÀ1GCÀTCTCTMGTATMGCAÀ-TTTÀTÀCÄGTGMCTGCGÀÀTGGCTCÀTT.AMIçì\çI¡*¡¡ç
---------CTGGTÎGÀTCCTGCCAGTÀGTCÄTATGCTTGTCTCA.AÀGATTÄ.AGCCÀÎGCÀTGTCTA.{GTÀTÀÀGCM-TTÍÀTÀC-A,GTGAÀ.ACTGCGA.ATGGCTCATTÀÀÀI€itiq,{t't)iT
------TÀccTGGTTGATTCTGccÄGTAGTCÀTÀTGcTTGTcTCAMGATTÀÀGcC.ATGCAIGTcTMGTÀîAÀÀCGA.A,TTCÀTÀCTGTGMCTGCGÀÀTGGCTCÀTTA.AÀçÈ..4E.EAE
-. - - - -TÀCCTGGTTGÀTCCTGCCAGTÀGTCÀTA.TGCTTGTCTCÀÀÀGÀTTAÄGCCATGCATGTCTMGTATAÀÀCGAÀTTCÀTÀCTGTGMCTGCGA.ATGGCTCÀTTNTçAçTfAî
- - - - - -TÀcclGGTTGÀTTCTGcc.A,GTÀGTCÀTÀIGcTTGTcTCAMGÀTTÀÀGccÀTGCATGTcTMGTATruCGÀÂTTCÀTÀCTGTGÀUCTGCGMTGGCTCÀTTÀÀÂI.CÀGTTÀT

- A.ATTCATACTGTGAÀÀCTGCGAÀTGGCTCATTAÀÀ'tÁ¡G*ITAI

- - - - - -TÀCCTGGTTGÀTCCTGCCÀGTÀGTCÀTÀTGCTTCTCTCÃÀÀGÀTTÀÀGCCÀTGCÄTGTCTMGTÀTÀÂÀCÀÀÀTTTATÀCCGTGAÀÀCTGCGAÀTGGCTCATTMtrqAtr$ÀT

a; Areas of homology between all aligned sequences are highlighted
b; Emboldened sequence was obtained during the course of this study

Table 17a; Alignment of Genebank sequences and the C. albicans type strain CBS 562 sequence

of the full 18S rRNA gene obtained using ClustalX.



ckeM60303
TgM6 03 11
CvM6 03 09
CsM60304
cpM6030?
ccM60308
ckrM6 03 05
ckrM5 5 52 8
cLM55526
c1M6 03 0 6

caM6 03 02
caÀJo05123
ca¡Rl 144 7
cdx993 9 9

c LM5552 7

DhX62 649
Dbx5 8053
scvo1335
scJ01353
Cqx51831
Y,tt1xg9522
ffi8 9 524
ffi89523
cn],0 5428
FnX6 0 183
cîLl542'7
cil55625
TcX60 182

a; Areas of homology between all aligned sequences are highlighted
b; Emboldened sequence was obtained during the course of this study

Table 17b; Alignment of Genebank sequences and the C. albicans type strain CBS 562 sequence

of the full 18S rRNA gene obtained using ClustalX.



ckeM603 03
TgM603LL
CvM60309
CsM60304
cpM6 03 07
cbM60308
CkrM503 05
ckrM5552 8
c1M5 552 6
c1M60306
caM60302
ca.AJo 0 512 3

Cam114¡¡7
cdx9 93 9 9

crM5 5 52?
Dhx62649
DÞ(58053
Scvo133 5

scJ013 53
Cqx518 3 1
Y,Ã.x.89 522
ffi89524
Kmx8 9 52 3
CnLo 542 I
F¡ü6 018 3

CtL9542'7
CnM55 625
Tcx6 0 182

a; Areas of homology between all aligned sequences are highlighted
b; Emboldened sequence was obtained during the course of this study

Table 17c; Alignment of Genebank sequences and the C. albicans type strain CBS 562 sequence

of the full 18S rRNA gene obtained using ClustalX.



ckeM603 03
TgM603 11
cvM603 09
CsM603 0 4

cpM603 0 7

ctM603 08
CkrM603 05
ckrM5552 8
c1M5 552 6
c1M6 03 06
Ca¡46 0 3 02
caÀJ005123
CaN11{{7
cdx99399
crM5 5 527
Dhx.62649
Dhx58053
ScVo13 3 5

scJ0 13 5 3

cgx5L83 1
Kil89522
KmxS 9 52 4
Kñx89523
CnL05428
FDX6 0 18 3

cnLl542'7
cN55625
Tcx6 0 182

a; Areas of homology between all aligned sequences are highlighted
b; Emboldened sequence was obtained during the course of this study

Table 17d; Alignment of Genebank sequences and the C. albicans type strain CBS 562 sequence

of the full 18S rRNA gene obtained using ClustalX.



ckeM603 03
TsM603 11
cvM60309
caM603 04
CpM6 03 07
ctM6 03 0 I
ckrM6 03 0 5

ckrMs5528
c1M5 5 52 6
c1M603 0 6

caM603 02
CaÀJ005123
c6ÀR1 144 7
cdx993 99
crM5 552?
Dhx62649
Dhx58053
Scvo13 3 5
scJo l-3 53
Csx5 1 83 1
KrüA9522
ffi89524
Knx89523
CnL0 542 8

Fnx60183
cnLO542'7
cnM55625
TcX6 0 182

a; Areas of homology between all aligned sequences are highlighted
b; Emboldened sequence was obtained during the course of this study

Table 17e; Alignment of Genebank sequences and the C. albicans type strain CBS 562 sequence
of the full 18S rRNA gene obtained using ClustalX.



ckeM6 03 03
TgM6 03 11
CvM603 0 9

CsM6 03 04
CpM6030?
c8M60308
ckrM6 03 0 5

CkrM5 5 52 I
c1M5 5 52 6
c1M603 06
cax603 02
caÀJ005123
CaÆ114¡¡7
cdx993 99
c 8M5552?
Dhx62649
Dhx5 8 0 53
ScVo13 3 5

ScJ013 53
cgx5183 1
ffi89522
KmxS 9 52 4
ffi8 952 3

CnL0 542 8

Fnx60183
CDLO542'7
Crù{55625
TcX60182

a; Areas of homology between all aligned sequences are highlighted
b; Emboldened sequence was obtained during the course of this study

Table 17f; Alignment of Genebank sequences and the C. albicans type strain CBS 562 sequence

of the full 185 rRNA gene obtained using ClustalX.



ckeM6 03 03
TqM603 11
CvM60309
cgM603 04
CpM6030?
ctM603 0 8

ckrM603 0 5

ckrM55 52 8
c1M5552 6

c1I,r60306
cd60302
caÂJ005123
caÀR11{¡t?
cdx9 93 99
cEM5552?
DhX62649
Dhx58053
scvo1335
Sc,f 013 5 3

c9x51831
Knx89522
ffi89524
Kmx89523
cnl,05428
Frt(60183
cnL0542'7
cil55625
TcX6 01 82

a; Areas of homology between all aligned sequences are highlighted
b; Emboldened sequence was obtained during the course of this study

Table 17g; Alignment of Genebank sequences and the C. albicans type strain CBS 562 sequence

of the full 18S rRNA gene obtained using ClustalX.



CkeM6 03 03
TqM603 11
CvM60309
CqM6 03 04
cpM603 07
ctM603 08
ckrM603 05
ckrM55 52 I
ctM5552 6
c1M603 06
caM6 0 3 02
câ.AJ005123
cåà311¿ 47

c cM5 552 ?

Dhx62649
Dhx58053
SCVO 13 3 5

ScJ0 13 53
cqx51831
Kmx89522
Kmx89524
Rmx89523
CnL0 542 8

Fnx60183
c^LO5 42'1
criM5 5 62 5
Tcx60182

a; Areas of homology between all aligned sequences are highlighted
b; Emboldened sequence was obtained during the course of this study

Table 17h; Alignment of Genebank sequences and the C. albicans type strain CBS 562 sequence

of the full 18S rRNA gene obtained using ClustalX.



CkeM603 03
TsM60311
CvM6 03 09
c9M60304
cpM60307
cEM60308
CkrM6 03 0 5

CkrMs 5 52 8
c1M5 5 52 6
crM603 0 6

ca.¡.f60302
CaÀJ005123
CaåR1 14 d 7
cdx9 93 9 9

ctM5 5 527
Dbx62649
Ðhx58053
scvo1335
scJ0 13 53
cqx51831
Kmx89522
Kmx89524
Kmx89523
CnL05 42 I
FrD<60183
CnL0 5 42 ?
cn¡45 5 62 5
TcX6 0 182

a; Areas of homology between all aligned sequences are highlighted
b; Emboldened sequence was obtained during the course of this study

Table 17i; Alignment of Genebank sequences and the C. albicans type strain CBS 562 sequence

of the full 18S rRNA gene obtained using ClustalX.



ckeM6 03 03
TgM6 03 1 1
cvM60309
csM6 03 04
CpM6 03 0?
c8M60308
ckrM6 03 05
ckrM5 5 52 8
c1M5 5 52 6
c1M6 03 0 6

CaM60302
CaÀJo05123
CåÆ11/¡47
cdx9 93 9 9

ctM5 5 527
Dhx62649
Dhx5 I 0 53
Scvo1335
Sc,I013 53
cqx5 183 1
Yrt1x89 522
Kmx89524
ffi89523
cnl,o 5 42 8
Frx60L8 3

CûL1542'7
cnM5 5 625
TcX6 0 1 82

a; Areas of homology between all aligned sequences are highlighted
b; Emboldened sequence was obtained during the course ofthis study

Table 17j; Alignment of Genebank sequences and the C. albicans type strain CBS 562 sequence

of the full 18S rRNA gene obtained using ClustalX.



CkeM6 03 03
T9M60311
CvM6 03 0 9

CsM60304
CpM60307
ccM60308
CkrM6 03 0 5

CkrM5 5 52 8
c1M5 5 52 6
crM6 03 0 6

cd60302
CaÀJo05123
CâÀR11¡¡{?
cdx99399
c tM5 5 527
Dhx62649
DhX580 53
ScVo1335
Sc,l013 5 3

csx5 183 1
YÃ,x.g9522
Kmx89524
Kmx89523
CnLo 5 42 I
Fnx60183
cDLl542'l
Cnu55625
TcX60182

a; Areas of homology between all aligned sequences are highlighted
b; Emboldened sequence was obtained during the course of this study

Table 17k; Alignment of Genebank sequences and the C. albicans type strain CBS 562 sequence

of the full 18S rRNA gene obtained using ClustalX.



ckeM6 03 03
TqM603 11
CvM60309
CqM6 03 04
cpM6 03 07
cEM60308
CkrM6 03 05
CkrM5 552 8

ctM55526
crM6 03 0 6

cêM60302
CaÀJ005123
caåR114 47
cdx9 93 99
c tM5 5 527
Dhx62649
DhX58053
ScVo1335
scJ0 13 53
cgx5l- 8 31
Krixg9522
Kmx89524
ffi89523
CnL0 542 8

Fd60183
CîLO542'7
cil{5 5 62 5
Tcx6 0 182

a; Areas of homology between all aligned sequences are highlighted
b; Emboldened sequence was obtained during the course of this study

Table 171; Alignment of Genebank sequences and the C. albicans type strain CBS 562 sequence

of the full 18S rRNA gene obtained using ClustalX.



ckeM603 03
TsM603 11
CvM60309
CsM6 03 04
cpM6030?
crM6 03 0 8

ckrM6 03 05
ckrM5 5 52 8
crM5 5 52 6
c1M6 03 0 6

cêM60302
CaÀ,J0 0 512 3
cEàx114 47
cdx99399
c tM5 5 52?
DhX62649
DhX5 8 053
ScVo1335
Sc,f 013 5 3

csx5l- 8 3 1
ffi89522
Krìx89524
Kmx89523
cnl,0 542 8

PnX60183
CiL1542'7
cnl.{s5625
Tcx6 0 182

a; Areas of homology between all aligned sequences are highlighted
b; Emboldened sequence was obtained during the course of this study

Table 17m; Alignment of Genebank sequences and the C. albicans type strain CBS 562 sequence
of the full 18S rRNA gene obtained using ClustalX.



CkeM603 03
Tqu603 11
CvM603 09
cqM603 04
CpM603 0?
ctM603 0 8

ckrM60305
ckrMs 5 52 8
c1M5 552 6
c1M603 0 6

ca.¡.{60302
CaÀJ005123
c6ÀR11¿ { 7
cdx99399
crM5 5 527
Dhx62649
DhX58053
ScVo13 3 5

ScJ013 53
cqx5 183 1
Kmx89522
KnxS 9 52 4
KnxS 9 52 3
Cnt0542 I
FnX60183
CnLl5421
CnM5 5 625
Tcx6 0 182

a; Areas of homology between all aligned sequences are highlighted
b; Emboldened sequence was obtained during the course of this study

Table 17n; Alignment of Genebank sequences and the C. albicans type strain CBS 562 sequence

of the full 185 rRNA gene obtained using ClustalX.



ckeM603 03
T9¡{603 1L
CvM603 09
cqM603 04
cpM603 07
crM603 0 8

ckrM603 05
ckrM55 52 8
c1M5 5 52 6
ctM603 06
Cöx603 02
CaÀJ005123
cåÀR1 1,¡47
cdx9 93 99
Cal'15552'7
Dl]x62649
Dhx58053
ScVo1335
ScJ013 53
cgx5183 1
KnX8 9 52 2
KnXS 9 52 4
Kmx89523
cn],0542 I
Fnx6 0l- 8 3

cnL15427
cil55625
Tcx60 182

a; Areas of homology between all aligned sequences are highlighted
b; Emboldened sequence was obtained during the course of this study

Table 17o; Alignment of Genebank sequences and the C. albicans type strain CBS 562 sequence

of the full 18S rRNA gene obtained using ClustalX.



ckeM603 03
TsM6 03 1 1
CvM6 03 0 9
cgM603 04
cpu603 07
crM60308
ckrM603 05
CkrM55528
c1M5 5 52 6
c1M603 0 6
Cal,f 6 03 02
CaÀ,fo05123
caÀRl1447
cdxg9399
cEM5 5 527
Dtü62649
Dhx58053
scvo13 3 5
sc,J013 5 3

c9x51831
rrd<89522
ffi89524
KnxS 9 52 3
cnl,o5428
Fnx60183

CnM5 5 62 5
Tcx60182

CGTÀGGÎGAÀCCTCCGGÀÀGGÀrcÀTTÄ- -
CGTAGGTGAÀCCTCCGGÀÀGGATCÄTTA- -

CGTÀGGTGÀÂCCTGCGGÀÀGGATCATT
CGTÀGGTGÀ------

CGTÄGGTGÀÀCCTGCÀGMGGATCAÀGCTTGGÀÎCCCG- - - - - - - -
CGTÀGGCGå.ACCTGCGGÀÀGGÀTCÀMA- -
CGTÀGGTGÀÀCCTGCAGMGGATCA.AGCTT
CGTÀGGTGÀACCTGCGGÀÀGGÀTCÄTT
CGTÀGGÎGÀÀCCTGCGGMGGÀTCÀTTA_ _

CGTAGGTGAÀCCTGCGGÄÀGGAÎCÀTTÀ- -
CGTAGGTGAÀC _ TGCGGÀ.ê.GGATCATTÀ_ -
CGTÀGGTG.AÀCCTGCGGMGGÀTCÀTTA. -
CGTÀGGTGÀÀCCTGCGGÀÀGGÀTCATTÀ- -
CGTÀGGTGÀÀCC1CCC'GÀÀGGÀTCÀTTÀ- -
CGTAGGTGAÀCCTCCGGÀÀGGÀTCÀGTÀGÀGÀÀTÀCTCGÀCTTTGGTCCÀÎTTÀTCTACC
CGTÀGGTGA.âCCTGCGGAÀGGATCAGTA- -
CGÎÀGGTGAÂCCTGCGGÀÀGGATCÄGTÀGÀGAÀTACTGGACTTCGGTCCÀTTTÀTCTACC
CGTÀC'GTGÀÀCClCCÄGAÀC'GÀTCA.AGC _ _

CGTÀGGTGÀÀCCTGCGGA.è,GGÀTCÀTTÀ- -

a; Areas of homology between all aligned sequences are highlighted
b; Emboldened sequence was obtained during the course of this study

Table 17p; Alignment of Genebank sequences and the C. albicans type strain CBS 562 sequence

of the full 18S rRNA gene obtained using ClustalX.




