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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 HIV-positive individuals and 20 HIV-negative
asymptomatic carriers. The techniques used were allozyme electrophoresis at 15-20
independent enzyme loci and sequence comparisons within the 16S, 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. Whilst 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, HIV 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 of the 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 Kingdomes.

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 80% of clinical infections and, consequently, the focus of the

majority of Candida research.

1.1 The Kingdom Fungi - 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 II. 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 Animalia 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
May 1979; Anderson and May 1991). 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
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Figure 1.1; Times of divergence of the major eukaryotic lineages estimated using a

protein clock (after Doolittle et al. 1996)



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
Pseudallescheria 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 organisms

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 (16S 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 al. 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
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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
1997), baobab trees (Baum et al. 1998), Drosophila willistoni (Gleason et al. 1998),
hominids (Ruvolo 1994) Aspergillus (Geiser et al. 1998), frogs (Haas 1997). 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.



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 al. (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).

With 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 Fungal 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



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

Fungi (Figure 1.2 p., 9).

With 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 1.2 p., 10). Importantly, this is not a phenomenon limited to fungi (Section 1.1.2 p.,
5).

1.1.4 Ascomycota

Members of the Kingdom Fungi are ubiquitous in the environment. Most human
infection 1s caused by species within the phyla Ascomycota, particularly species of Candida,
and to a lesser extent Basidiomycota (eg., Cryptococcus neoformans) and Zygomycota. The
range of environments from which members of these phyla have been isolated, for example
from rivers (Slavikova and Vadkertiova 1997), 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,
Preumocystis, 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
characterized according to traditional characters. Molecular analyses, however, have since

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




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. 1997). 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 ez al. 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, 80% of yeast infections are caused by a single species, C.
albicans (see Section 1.2.3 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 Candida (Berkhout)

As mentioned previously (in Section 1.1.2 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
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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 8/01/02). 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 Candida are the causative agents of
approximately 80% 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. However, 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.au/ (last accessed 8/01/02)

1.2.1 Morphology and 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., 12).
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 1995).

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. albicans 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 characteristics 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% 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, Graeser et al. (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 1997, 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. 1991). 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 er al. 1991). This suggestion
was also made at a recent conference (International Union of Microbiological Societies, IX™
International Congress of Mycology and IX™ 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 (26S rRNA), Kurtzman and
Robnett (1997) investigated the phylogenetic relationships of Candida species and
suggested that many of the traditionally defined species should be combined (eg., C.
viswanathii with C. lodderae 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-relevant 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 HIV-positive patients (Fraser et al. 1992, Jordan 1994, Fisher-Hoch and

Hutwagner 1995, Hoepelman and Dupont 1996, Pfaller 1996). This thesis focuses upon
14



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 8/01/02). 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 agar, a selective medium

for the isolation of yeasts 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 up to 80% of clinical infections (eg., Schiodt ef 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. dubliniensis is
also germ-tube positive, germ 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, identified teleomorph species and antifungal resistance profile of thirteen prevalent medically

important Candida species

Species G+C content Teleomorph Antifungal resistance
C. albicans 33.9% None? Fluconazole (acquired)
C. dubliniensis B None Fluconazole (acquired) (Moran et al. 1997)

C. famata

C. glabrata

C. guilliermondii
C. haemulonii

C. kefyr

C. krusei

C. lusitaniae

C. norvegensis

C. parapsilosis
C. tropicalis

C. viswanathii

35.8-37.7% (type strain 36.8%)
(Nishikawa et al. 1996)
39.6-40.2% (Kreger van Rij 1984)

44.1-44.4%

46.1-47.8% (type strain 47.8%)
41.3%

39.6 (type strain) -41.5%

(Bai and Jia 1996)

45.2%

35.5-37.5%

(Billon-Grant) (Kurtzman).
40.8%

33.1-36.1%

43.7-46.3%
(S.A. Meyer) (F.L. Lee et al.)

Debaryomyces hansenii
(Nishikawa et al. 1996, Nishikawa et al. 1997)

None

Pichia guilliermondii

None

Kluyveromyces spp. (Cai et al. 1996)
Kluyveromyces lactis and Issatchenkia orientalis

Clavispora lusitaniae

Pichia norvegensis

Probably Lodderomyces elongisporus (James et al. 1994)

None

None

Azoles, particularly fluconazole (innate) (eg., Arias et al.
1994, Arias et al. 1996, Carrillo Munoz et al. 1997; Hoegl et
al. 1998, Fidel et al. 1999)

Amphotericin B (innate) (Vazquez et al. 1995, Vazquez et al.
1998)

Azole antifungals (innate) (eg., Berrouane ef al. 1996, Carrillo
Munoz et al. 1997, Samaranayake 1997)

Amphotericin B (innate) (Karyotakis and Anaissie 1994,
Vazquez et al. 1998)

Fluconazole (innate) (Sandven et al. 1997)

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

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. albicans 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 Bikandi 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. 1999, Hazen et al. 2001, 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 al. 1997). Nevertheless, the accuracy of
these characters used in isolation has been questioned (Tintelnot et al. 2000). 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.
dubliniensis among HIV-positive individuals (Sullivan et al. 1997). The first cases of C.
dubliniensis fungaemia have been reported in Europe (Meis et al. 1999), North America

(Brandt et al. 2000) and Australia (Marriott et al. 2001). 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. 2000). C. dubliniensis has been
isolated from the oral cavity of HIV-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 (Gilfillan e al.
1998). The species has also been isolated from sites of asymptomatic carriage and infection
in HIV-negative individuals on broad-spectrum antibacterial therapy (eg., Polacheck et al.

2000) indicating that colonisation is not limited to HIV-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. 2000). 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 al. 1998) providing

further evidence of their close genetic proximity.

In an in-vitro experiment, C. albicans appeared 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 ef al.

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

Candida famata (Harrison) Meyer & Yarrow: This species was formerly known as

Torulopsis candida. In 1978, the genus Torulopsis was incorporated into the genus Candida
(Yarrow 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 (eg., Odds et al.
1997). 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 al. 1998, Krcmery et al. 1998, Cresti et al. 1999, Becker et al. 2000)

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 glabrata (Anderson) Meyer & 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 37°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. 1991). These species formed a distinct subgroup from that comprising
most other Candida species of clinical significance. Additionally, C. glabrata and
Saccharomyces 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. glabrata was
able to cross-react with Saccharomyces cerevisiae DNA, but not with that of other Candida
species (Fujita et al. 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 ef al. 1998b).

C. glabrata has a high affinity for the urinary tract (Knoke et al. 1997, Nayeri et al.
1997) and, after C. albicans, is the second most prevalent yeast species in vulvovaginal
infections (Abu Elteen et al. 1997). 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 et
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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. glabrata have been isolated from different
patients, probably attributable to a common source of infection or transmission within the
hospital (Vazquez 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. 1997, Vennewald ef 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 HIV-positive individuals (Drobacheff et al. 1996).

Candida guilliermondii (Castellani) Langeron & Guerra: Although C. guilliermondii and

C. famata belong to the same anamorphic genus, their teleomorphs do not. This aberration
is not restricted to these two Candida 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
famata/Debaryomyces 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. 2000).

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 & Kolipinski) 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 (Lehmann et al. 1993).

Candida kefyr (Beijerinck) van Uden & Buckley: 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. 1991). 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 Kluyveromyces genus using the mitochondrial cytochrome-c
oxidase II gene has grouped the genus into four distinct species groups (Belloch et al. 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 (Venkateswarlu ef al. 1996). The
efficacy of different azoles is directly proportional to the level of intracellular accumulation
(Marichal et al. 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, Zeneca) (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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properties 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 ¢ gene indicated that C. krusei is closely related to
Kluyveromyces lactis (see Freire Picos et al. 1995). Conversely, Janbon et al. (1997) found,
using the same gene, that K. lactis was more closely related to C. albicans. According to
the 18S rRNA gene sequence, K. lactis is more closely related to Saccharomyces cerevisiae
(see Barns ef al. 1991), which in the Janbon ef al. (1997) study was more closely related to
C. glabrata. Also using the 18S rRNA gene, Hendriks et al. (1991) 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 orientalis 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 et al. 1991). 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 al. 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. lusitaniae seems to be dependent upon the laboratory in
which the susceptibility testing is done and the protocol used (Favel et al. 1997). The

teleomorph for this species is Clavispora lusitaniae.
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Candida norvegensis (Dietrichson) van Uden & Farinha. ex van Uden & Buckley: This

species was a member of the genus Torulopsis prior to 1978, when it was redescribed as a
Candida species (Yarrow and Meyer 1978). C. norvegensis is a rare 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. albicans (see Dickema et al.
1997) and is frequently isolated in cases of onychomycosis (hand or toe infection) (Velez 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 (Vazquez 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 (Liu 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. parapsilosis; 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 (13.5%)
after C. albicans (56.8%) (Al Soub and Estinoso 1997). The incidence of isolation of C.
tropicalis from urine is 36%, respiratory tract 22% and vaginal tract 14% 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 has been

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. viswanathii strains, making them

difficult to distinguish using these characters.

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

publications to date have focussed on the accurate identification of C. viswanathii using
contemporary genetic methods, not its clinical manifestations, prevalence or biochemical
and morphological characterisation (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 Candida 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 Pathogenicity 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 al. 2001).
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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 1997). 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 et 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 (eg., Bektic et al. 2001). Different SAPs
are produced during systemic and mucosal infections, between early colonisation and
following dissemination into deep organs. SAPS5 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. 2000).

Phospholipase B has been linked to the ability of C. albicans strains to traverse the host
cell membranes and cause disseminated infection (Leidich 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 1997). 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 (Sentandreu 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
PHR1 (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 al. 1998). Candida expression of aspartate proteinase has
also been demonstrated to elevate with the yeast binding to HIV-1 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 antifungal resistance in Candida

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 al. 1998). Over time, however, the incidence of infections that
are clinically-unresponsive to fluconazole has increased (eg., Lischewski et al. 1995,
Martino and Girmenia 1996, Diazguerra ef al. 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 ef al. 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 al. 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 al. 2000).
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 with 99% of the C. albicans isolates tested, 94% of C. parapsilosis, 90%
of C. tropicalis, 67% of C. glabrata and 26% 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 (eg., 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 HIV-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).

1.3.1 The immune response to Candida 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 al. 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 HIV-positive individuals
has been associated with their progression to AIDS and onset of oropharyngeal candidiasis
(Leigh er al. 1998). A decrease in the y-interferon response in the host immune system also
allows establishment of candidiasis (Szkaradkiewicz et al. 1998). In the case of C. albicans
infection, this appears to be due to the species’ ability to inhibit IL-12 and therefore limit the
effectiveness of a type I immune response (Xiong et al. 2000). Baltch er 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 gpl120 envelope protein of HIV decreases the
antifungal activity of peripheral blood monocytes against Candida species (Pietrella et al.
1998). Candida species also have immunomodulatory properties (eg., Domer 1997),
increasing the likelihood of opportunistic infections and further decreasing the survival rate

of HIV-positive patients (eg., Chaisson et al. 1998).

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, Leigh et al.
2001). This observation negates the association between CD4+ cell count and the
propensity for Candida infection. Elahi 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 et

al. 1996, Lott et al. 1998, Reiss et al. 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 (Delcastillo et al. 1997). 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. Whilst 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 currently 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  Oropharyngeal Candida infections

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. 1997).

The oral carriage 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 HIV-negative and HIV-positive individuals, but also between

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

and infection of HIV-positive and HIV-negative individuals

Oral Carriage Oropharyngeal infection
HIV-negative HIV-positive HIV-negative HIV-positive

11%* to 36.8%"° 67% to 93%° 57%" to 68%° 75%° to 90%°

The studies were conducted in different geographical locations
a; Thailand (Teanpaisan and Nittayananta 1998)
b; South Africa (Abu Elteen and Abu Alteen 1998)
¢; France (Monteil et al. 1997)
d; South Africa (Hauman et al. 1993)
e; France (Eloy et al. 1998)



Most Candida infections occur in HIV-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 HIV-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 HIV-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. 2000). This observation suggests that the C. albicans strains colonising the
oral cavity of an HIV-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 HIV-positive individuals versus HIV-negative individuals only when the CD4+ cell count
of the HIV-positive patient dropped to below five hundred cells/L (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 al. (2001) recently noted an association between oral colonisation by
Candida species except C. albicans and HIV load, not CD4+ count, in HIV-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 al. 2001).

The epithelial depth of colonization in HIV-positive individuals is greater than that of
cancer patients on chemotherapy due to differences in the causes of their
immunocompromisation, that is, HIV-positive individuals have an impaired inflammatory
response whilst cancer patients have a decreased polymorphonuclear cell count (Goernig et
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 HIV-positive and
HIV-negative populations but, the karyotypes of the C. albicans strain carried by these
individuals appear 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 HIV-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 HIV-positive and HIV-negative individuals and suggested the existence of a
particularly pathogenic genotype in HIV-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 al. 1999, Giblin et al. 2001, Lott and Effat 2001).

The level of production of intracellular proteinase is greater in strains isolated from HIV-
positive patients than strains in HIV-negative individuals (Wu et 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 HIV-positive individuals (Wu et al. 1996).
A later study by Wu et al. (2000) 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 al. (1995) showed that most HIV-negative individuals had a single (unique)
infecting C. albicans strain, which persisted during recurrent infections. Also, (Redding et
al. 1997) revealed that 78% of HIV-positive individuals are infected with a single DNA
subtype and 80% of HIV-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. 2000).

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 HIV-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. albicans strains in HIV-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 er al. 1995). The derived clustering of
1solates 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 HIV-negative individuals. Isolates from the
atypical cluster, which produced no B-glucosidase, were all isolated from asymptomatic
HIV-positive intravenous drug users, indicating that they are potentially less pathogenic. A
second allozyme electrophoretic study showed no clustering of strains from HIV-positive
and HIV-negative individuals who were carriers or who had invasive candidiasis (Boerlin et
al. 1996). In a later electrophoretic study using the 27A probe, a genetically atypical cluster
of C. albicans was identified as actually being the newly identified species C. dubliniensis
(Sullivan et al. 1997). 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 er 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 Candida species and decrease the incidence of
lesions (Egusa et al. 2000). 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 Dougall 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 ef 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. 1997, Abraham et al. 1998, Rhodus et al.
1998). Another salivary component that has been positively linked to the number of C.
albicans colony forming units is lysozyme (Yeh ef 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. albicans carriage and either of these predisposing
factors in HIV-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 HIV-positive husbands and wives and that such strains may develop a
decreased susceptibility to fluconazole (Barchiesi et al. 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 HIV-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 HIV status of the colonized individual
(Martins et al. 1997). HIV-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 et

al. 1996), but the treatment is usually longer and at higher doses (Revankar et al. 1998).

A study by Barchiesi et al. (1997) using REA, RAPDs and inter-repeat PCR (i.e.,
microsatellite amplification), reported that one of five HIV-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 al. 1996), particularly
in HIV-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 ef 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 ef al. 1998). One study showed that
81% of HIV-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 er 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 et

al. 1995).

Using the 27A probe hybridized to REA patterns, it was revealed that the C. albicans
strain carried by six out of fourteen HIV-positive individuals varied over time (Anthony et
al. 1995). Additionally, one of ten HIV-negative and four of ten HIV-positive individuals

carried more than one strain simultaneously.

Serotype analyses have indicated that the strain infecting HIV-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 er 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 HIV-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 carriage 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 HIV-positive and HIV-negative individuals with or without clinical
infection. Their results also indicated an increased variety of biotypes in the HIV-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 are 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 Gastrointestinal candidiasis

The gastrointestinal tract is colonized with yeasts in 20% of individuals (Blinzler et al.
1997). C. albicans, 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. 2000). 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-

Wecislo 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 carriage of Candida occurs in approximately 7.3% of the healthy
female population (Perera and Clayton 1994) and the species C. albicans colonizes 24% of
women with some symptoms of vaginal infection (Eckert ef 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 ef 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 (White et al. 1997). However, HIV-
positive women have a higher incidence of the infection (Schuman ef al. 1998) but only

when their CD4+ count drops below two hundred cells/mm’ (Duerr 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 1997, Abu 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. 1994). 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 er al. 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 al. 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 er al. 1997a) or the
complications associated with diabetes (Hunjak ef al. 1997b). 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).

1.3.2d Candiduria

Candiduria, or Candida colonization of the urinary tract, is prevalent in 1-5% 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 ez al. 2000). C. tropicalis
and C. glabrata are frequently isolated from cases of candiduria (eg., Al Hedaithy and
Fotedar 1997, Knoke er al. 1997). 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. 2000).

Urinary catheterisation or nephrostomy are primary risk factors for urinary tract 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 78% of cases (Grohskopf and Andriole
1996). These candidacmias are often associated with high mortality (Lundberg et al. 1998).
The incidence of nosocomial candidaecmia 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. 1997, 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 0% in 1989 to
46.3% of Candida species in 1998 (Krcmery and Kovacicova 2000). C. albicans remains
the most frequently isolated Candida species in bloodstream infections (Pfaller et al. 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 al. 2000).

Underlying gastrointestinal disease or abdominal surgery is a predominant risk factor for

peritonitis (Stratov et al. 1998, Hennequin 2000). The hospitalized patients most at risk are
42



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 et

al. 1998).

In the study by Shin er al. (2001), persistent or recurrent fungaemia due to C.
parapsilosis was predominantly caused by a different strain at each infection. Luu er al.
(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. Poikonen 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 er al. 1996). Burns patients are more likely to get
Candida sepsis if they have large burns (14-98% 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 ef al. 1998). The prevalence of carriage of C.
albicans on the hands of healthcare workers has been estimated at 17% (Voss et al. 1995),
and of C. parapsilosis at 26% (Diekema et al. 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 et

al. 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 HIV-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 Rationale

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
45



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 GENERAL 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 section 2.1.3 (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, ITS1 and ITS2. The 18S rRNA gene has been well recognized as a potential
molecular clock due to its high conservation (eg., Hendriks et al. 1991), the ITS regions are
more variable and have been suggested as discriminatory below the species level (eg., Lin 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

2.1.1 Type and 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 1.2.3 p., 14); a representative of
Saccharomyces cerevisiae which represents a sister taxa to Candida (see Cai et al. 1996,
James et al. 1997); and two basidiomycete species Cryptococcus neoformans and
Trichosporon beigelii, providing a distant fungal taxonomic relationship,. Thelatter 3
species and their clinical relevance are described in section 2.1.2 (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 fungal 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.au/ last accessed 8/01/02). 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 C. albicans blood, Iowa

CBS 562" * C. albicans skin (interdigital mycosis), Uruguay

17484 C. albicans Human

ATCC 90029 C. albicans blood, Towa

CBS 8347 Kluyveromyces marxianus (C. kefyr)® kefyr grains, Netherlands

ATCC 46764 C. kefyr clinical isolate, Texas

15526 C. dubliniensis Human

CBS 79877 C. dubliniensis oral cavity, HIV-positive, Ireland

CBS 40247 C. viswanathii meningitis, cerebrospinal fluid, India

ATCC 22981 C. viswanathii cerebrospinal fluid, India

CBS 566" Pichia guilliermondii (C. guilliermondii) Sputum

ATCC 6260 C. guilliermondii Bronchomycosis

CBS 604" C. parapsilosis case of sprue, Puerto Rico

ATCC 22019 C. parapsilosis case of sprue, Puerto Rico

ATCC 90018 C. parapsilosis blood, Virginia

CBS 6564" Pichia norvegensis (C. norvegensis) pregnant woman’s vagina, London

CBS 138" C. glabrata (Torulopsis glabrata) human faeces

ATCC 90030 C. glabrata (Torulopsis glabrata) blood, Towa

CBS 6936" Clavispora lusitaniae (C. lusitaniae) citrus essence, Israel

ATCC 42720 C. lusitaniae blood, myelogenous leukaemia patient,
California

CBS 94" C. tropicalis Bronchomycosis

ATCC 13803 C. tropicalis

CBS 573" Issatchenkia orientalis (C. krusei) sputum, bronchitic convict, Sri Lanka

ATCC 6258 C. krusei sputum, bronchitic convict, Sri Lanka

CBS 51497 C. haemulonii gut of Haemulon sciurus (fish), Florida

CBS 940" C. famata air, Japan

ATCC 2601 Saccharomyces cerevisiae

CBS 6289" Cryptococcus neoformans var. gattii © spinal fluid of man, Zaire

ATCC 90113 Cr. neoformans var. gattii cerebrospinal fluid, Pennsylvania

CBS 1327 Cr. neoformans var. neoformans© fermenting fruit juice

ATCC 90112 Cr. neoformans var. neoformans cerebrospinal fluid, Pennsylvania

CBS 2466" Trichosporon beigelii

a
b

c

T = type strain of the species
Species names in brackets are the synonymous or teleomorph species names of the isolates supplied.
Cr. neoformans var. gattii and Cr. neoformans var. neoformans are the two recognized serovars of
the species.

9 The following pairs of strains originated from the same strain; CBS 4024 and ATCC 22981, CBS 566
and ATCC 6260, CBS 604 and ATCC 22019, CBS 573 and ATCC 6258.
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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 Saccharomyces 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 Cryptococcus neoformans (Sanfelice) Vuillemin

Unlike the ascomycete genera discussed previously, Cryptococcus neoformans belongs
to the phylum Basidiomycetes because it produces basidiospores. The teleomorph for this
species is Filobasidiella neoformans. The species Cr. neoformans has been divided into
two well-defined serogroups Cr. neoformans var. gattii and Cr. neoformans var.
neoformans. 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 neoformans var. gattii
turning Canavanine-glycine-bromothymol from clear to blue (CGB) agar blue while Cr.
neoformans var. neoformans 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. neoformans is most commonly isolated from respiratory tract and nervous system
infections. Non-immunocompromised individuals are more often infected with
Cryptococcus neoformans var. gattii, whilst Cryptococcus neoformans var. neoformans is
more frequently isolated from immunocompromised individuals, particularly those who are
HIV-positive. The latter serovar is also the most common causative organism of fungal

meningitis.

Cryptococcus neoformans var. 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
neoformans var. neoformans has been identified as avian excreta and particularly weathered

pigeon droppings (ref.).

2.1.2.c Trichosporon beigelii (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

from 60.7% to 63.5%.

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 HIV-positive. The infections often cause lesions

in organs.

2.1.3 Candida clinical sample collection and culturing

For the purposes of this thesis, one hundred HIV-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 HIV-positive and
HIV-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 current 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 HIV-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.com/pwa/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 HIV-negative individuals, 0.5ml
of stimulated, undiluted saliva was used instead of the oral rinse sample. Since it has been
estimated that 40% of healthy individuals asymptomatically carry Candida and the numbers
of colony forming units is predicted to be lower, a more concentrated saliva sample was
required from HIV-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 in 2mL of sterile distilled
water. Clinical samples from HIV-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 WCH. 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, grown
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 preparation for 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 HCl pH 7.4, and the cells were pelleted using centrifugation. An
appropriate volume of lysis buffer (5-50pl; dependent on the cellular volume collected after
centrifugation), consisting of 0.1% pB-mercaptoethanol and 100ugml” NADP in 100 ml
H,0, 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 2l aliquots and stored at -20°C until electrophoresed.

2.1.5 DNA preparation

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 Sections 2.2.2 p., 54, 3.1 p., 65 and 3.2 p., 93; 18S rRNA sequence
comparisons Sections 1.1 p., 2 and 3.5 p., 200; ITS 1 and 2 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 Traditional identification techniques

Each isolate obtained was identified to the species level according to traditional
characters as described above. Isolates were initially exposed to 0.5ml of horse serum
containing 0.8% 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., 14),
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  Electrophoresis and histochemical staining methods

The cell lysates for each sample were loaded onto cellulose acetate (‘Cellogel’,
Chemetron, Milan) and electrophoresed at 200 V for 1% hrs at 4°C. Enzymes were
histochemically stained according to the methods of Richardson et 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; Enzyme 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 1% hrs

Enzyme locus E.C. number Running buffer®

alcohol dehydrogenase (ADH) 1.1.1.1 ™
aldolase (ALD) 4.1.2.13 ™

enolase (ENOL) 42.1.11 Phos

esterase (EST) 3.1.1.1 ™

fructose diphosphatase (FDP) 3.1.3.11 Phos
fumarase (FUM) 42.1.2 ™

glutamate dehydrogenase (GDH) 14.1.3 Phos

glucose-6-phosphate dehydrogenase (G6PD) 1.1.1.49 Phos

glucose phosphate isomerase (GPI) 5.3.1.9 Phos
hexokinase (HK)" 2.7.1.1 ™

inosine dehydrogenase (IDH) 1.1.1.42 Phos

nucleoside diphosphate kinase (NDPK) 2.7.4.6 Phos

nucleoside phosphorylase (NP) 2421 Phos
leucine-alanine peptidase (PepA) 34.11o0r.13 CP
leucine-glycine-glycine peptidase (PepB) 34.110r.13 CP

phosphoglycerate mutase (PGAM) 2753 Phos
6-phosphoglucose dehydrogenase (6PGD) 1.1.1.44 Phos
phosphoglucomutase (PGM) 2751 Phos
pyruvate kinase (PK) 2.7.1.40 Phos

* 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 0.01M

citrate phosphate buffer pH 6.4.

® 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 enzyme, 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 enzyme 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.
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Figure 2.1; Typical enzyme activity banding patterns observed in the current study

using allozyme electrophoresis and their allelic interpretation

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 enzyme and is therefore assumed to be either a mixed culture or

heterozygous for this locus.
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2.2.3 Molecular biological methods

The molecular biology component of the current study comprised methods aimed at
determining the genetic relationships between and within Candida species and related
genera, and strain variation within a single patient in a mixed culture or over time with

infection treatment.

2.23.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, 1991). The final primer design for amplifying the entire 18S rRNA gene
incorporated six overlapping primers, three 5 and three 3°, as depicted in Figure 2.2 below
(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
491bp, 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 40nmol scale in a
reverse phase purified form. The primers were diluted to a concentration of 1mg/ml with
milliQ water. PCR amplifications were conducted using a Perkin Elmer GeneAmp PCR

System 24000 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 TRNA 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 26S 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
ITSS5 - 5 GGA AGT AAA AGT CGT AAC AAG G 3’ —reverse primer
located at the 5° end of the 26S 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 0.8% agarose TAE gels) following standard procedures (Sambrook et al.
1989). Positive PCR products were purified and the primer removed using the BRES Aclean
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 Kkit, 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, model 377.

The sequences generated were aligned using the SegEd 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), PAUP* 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 M18S5 M18S4 3

bp 101 bp 566 bp 1097
P p p
< +— —
bp 592 bp 1116 bp 1780
3 M18S6 M18S3 M18S2 5

Figure 2.2; Primer binding positions along the length of the 18S rRNA gene of Candida

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
M18S3 - 5> CAG CCT TGC GAC CAT ACT CC 3’ bp 1116 of sequence, reverse
M18S4 - 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

from Candida species and related genera

PCR mix (per sample) PCR protocol

31.5ul H,O 95°C for 5 minutes

Sul Amplitag Gold buffer I 40 cycles of  94°C for 30 seconds
4ul Amplitaq Gold MgCl, 55°C for 30 seconds
4ul of ANTPs 72°C for 1 minute

2l of each primer 72°C for 8 minutes

0.5p1 Amplitaq Gold hold at 4°C

1ul DNA sample
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18SrRNA ITS1 5.8SrRNA ITS2 26SrRNA
< =

Figure 2.3; Order of the coding regions for the ribosomal RNA subunits, 18S, 5.8S
and 26S, 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 185 rRNA, ITS1, 5.8S and ITS2
sequences were phylogenetically assessed using PHYLIP version 3.5¢ (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 INTERPRETATIONS

The following subsections address the specific objectives of this thesis (Section 1.4.3 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 Evaluation 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 al. 1997). Allozyme electrophoresis has also recently been used for
epidemiological investigations (eg., Mata et al. 2000, Arnavielhe er al. 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 Isolate description Phenogram Interpretation
Preliminary Table 3.2, 70 Figure 3.1, 72 74
Pilot 1 Table 3.4, 78 Figure 3.3, 80 82
Pilot 2 Table 3.7, 85 Figure 3.4, 87 88
General interpretation 90
Taxonomy Table 3.10, 96 Figure 3.5, 98 99
Clinical Candida genus | Table 3.12, 104-5 Figure 3.6, 107 108
General interpretation 108
Study 1 Table 3.14, 113-4 | Figure 3.7, 117 118
Study 2 Table 3.16, 120-1 | Figure 3.8, 123 124
Study 3 Table 3.18, 125 Figure 3.9, 127 129
Study 4 Table 3.21, 131-2 | Figure 3.10, 135 137
Study 5 Table 3.24, 140 Figure 3.11, 142 144
Study 6 Table 3.27, 146-7 | Figure 3.12, 150 152
Study 7 Table 3.30, 156-7 | Figure 3.13, 160 162
Study 8 Table 3.33, 165-6 | Figure 3.14, 169 171
Study 9 Table 3.36, 174-5 | Figure 3.15, 178 181
Study 10 Table 3.39, 185-6 | Figure 3.16, 189 191
Study 11 Table 3.42, 194 Figure 3.17, 196 197
General interpretation 197
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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;
e to determine the diagnostic value of allozyme electrophoresis within
the species C. albicans and a selection of related species; and
e to identify 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 (Appendix 2, 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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3.1.1.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 at 21% to 100%
of the twenty loci scored. Five distinct clusters of isolates could be discriminated with fixed
differences at greater than 54.2% of the loci. The first cluster contained isolates 12716,
17130, 18502, 17640 and 18715; the second cluster contained isolates 16272, 18527, 16517
and 18735. The remaining three clusters contained single isolates 14130, 17484 and 15526,
which differed from the first two clusters at 71.9%, 74.7% and 86.4%, 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 enzyme stain, the malate dehydrogenase (MDH) stain revealed two distinct
bands. The separation of the two loci identified for MDH and HK was optimal with 1%
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 were 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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Table 3.2; Details of the twelve Candida strains used for the pilot allozyme electrophoresis screen

Isolate Code Sex® HIV status’

Site of Isolation

Candidiasis Infection®

Antifungal Resistance®

Patient’s Therapy®

Other Notes

12716 M + Oral Swab + Fluconazole, moderate 5-flurocytosine Mixed infection with C. krusei, resistant to
fluconazole, Itraconazole and 5-flurocytosine

17130 F + Oesophageal Biopsy + Fluconazole, ltraconazole Fluconazole

18502 M + Oral + - ltraconazole trial Low CD4 count

17640 M + Oral + -

18715 M + Oral Buccal Mucosa Swab + Fluconazole Fluconazole

16272 M ? Systemic; Blood ? -

18527 M ? Pancreas ? - Multiple abscess and on liver taken at laparotomy;
from C. albicans, enterococci and multiple resistant

P. aeruginosa

16517 M ? Systemic; Blood ? E Penicillin

18735 F ? Systemic; Blood ? -

14130 M + Oral + - Fluconazole Outpatient. Reidentified at WCH as

Trichosporon beigelii
15526 M ? Oral + 5 Ketoconazole Germ-tube negative, recurrent infection
17484 M + Throat Swab Fluconazole, Itraconazole, 5-flurocytosine Ketoconazole

a; Sex of the patient

b; HIV status of the individual that the Candida sample was obtained from + indicates HIV-positive, - indicates HIV-negative and ? indicates status unknown.

¢; Candidiasis infection + for infection at sites sample was taken, gastric, systemic and nervous indicate infections within areas fluid was obtained from. Again, ? indicates status unknown.

d; Antifungal resistance and patient therapy; antifungals listed where positive for treatment or resistance, - for no resistance, blank where treatment or resistance data unavailable or undetermined.
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.

70



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

Enzyme Locus

Isolate Code® ENOL' EST FUM GDH GOT G6PD GPI HKI° HK2® ME PepA  PepBl PepB2 PGAM PGM PK

12716 b d b b b a
17130 - b a
18502
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18715
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a; Isolate code description is within Table 3.2 p., 70

b; Loci abbreviations are contained within Table 2.2 p., 56 of the Materials and Methods

¢; HK1 and HK?2 represent the two distinct hexokinase loci evident in Candida, scored in order of their appearance for each strain after histochemical staining ie., the first
locus to appear is HK1, 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 of that enzyme locus

The dividing lines designate separate clusters differing at over 50% of loci. Annotations are standard for all following isolate allelic profile tables in the Results
Chapter.
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Figure 3.1  Phenogram depicting the genetic relationships between twelve
clinical isolates of Candida used in the Pilot screen, as determined
from an allozyme electrophoresis analysis using sixteen enzyme
loci.
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Origin —»,

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 power 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 were 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 2 Table 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 of infection.

3.1.2 Pilot 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) arepresentative of the most closely related species to the one under investigation,

b) a genetically diverse species within the same genus,

¢) arepresentative from another closely related, but genetically distinct genus and,

d) anumber 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
e 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 ATCC90029), one reference strain of C. glabrata
(ATCC90030) and three reference strains of Cryptococcus neoformans (ATCC90112,
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 3.1.1 p.,

67, and Table 2.2 of Chapter 2 p., 56).

Clinical isolates 17A and 17B 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 27A
repeat sequence, McCullough ef al. (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,
M1B, M2A, M2B, 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 P1 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 0% and 60% 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.
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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 91.5% of the
enzyme loci. Six clusters of isolates can be identified with fixed differences between them
occurring at over 50% 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 5% to
49.2% of loci. In this cluster, the six individual colonies from patient samples 17A and 17B
were genetically-distinct, although closely related strains. The variation observed suggests

that this patient was colonized with a number of distinct strains.

Isolate pairs M1A and M1B and M2A and M2B, which were indistinguishable using the
27A probing method (McCullough er al. 1995), differed at 6 and 19% 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 5% 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 66.3% of loci. It
also contains a single isolate, 5B, which was distinguishable from isolate SA using the 27A

probe method (McCullough ef al. 1995) and also in the current study.

The fourth cluster contains isolates ATCC 90112 and ATCC 90113, reference strains for
the Cr. neoformans serotypes neoformans and gattii, respectively, which differ from each
other at 37% of loci. They, in turn, differ from C. parapsilosis reference isolate ATCC
90118 at 51.5% of the loci. These three isolates differ from the previously described
clusters at 75.6% of loci. Isolates 15526 and 14130 exist in unique clusters that differ from
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all other isolates at 87% and 91.5%, 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

Isolate Code Sex HIV status Site of Isolation Candidiasis Infection Antifungal Resistance Patient’s Therapy Other Notes
17B1to6 M + Oral Rinse -
M1A M + Oral Rinse +
M1B M + Oral Rinse + Genetically identical to 1A
17A1t106 M + ? ?
17640 M + Oral + -
ATCC 90028 Blood systemic C. albicans reference strain
ATCC 90030 Blood systemic C. glabrata reference strain
P1 Patient with acute Lesions induced in 60% of rats
pseudomembranous candidiasis
17130 F + Oesophageal Biopsy + Fluconazole, ltraconazole Fluconazole
18735 F % Systemic; Blood ? -
16517 M @ Systemic; Blood ? - Penicillin
16272 M 2 Systemic; Blood ? -
18502 M + Oral + - ltraconazole trial Low CD4 count
18715 M + Oral Buccal Mucosa Swab + Fluconazole Fluconazole
M2A M + Oral Rinse +
M2B M + Oral Rinse + Genetically identical to 2A
17484 M + Throat Swab + Fluconazole, Itraconazole, 5-flurocytosine Ketoconazole
12716 M + Oral Swab + Fluconazole, moderate 5-flurocytosine Mixed infection with C. krusei
ATCC 90029 Blood systemic C. albicans reference strain
A2 Patient with chronic atrophic Lesions absent in rat.
candidiasis
M5A M + Oral Rinse +
18527 M ? Pancreas ? - Multiple abscess and on liver taken at laparotomy;
from C. albicans, enterococci and multiple resistant
P. aeruginosa
M5B M + Oral Rinse + Genetically different to 5A
Two colonial morphologies.
ATCC 90112 Cerebrospinal fluid nervous Cr. neoformans reference strain
ATCC 90113 Cerebrospinal fluid nervous Cr. neoformans reference strain
ATCC 90118 Sputum gastric Cr. neoformans reference strain
15526 M ? Oral + - Ketoconazole Germ-tube negative, recurrent infection
14130 M + Oral + - Fluconazole Outpatient. Reidentified WCH on 14/12/95

as Trichosporon beigelii

The dividing lines designate separate clusters differing at over 50% of loci. Annotation as in Table 3.2 (p., 70)
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Figure 3.3; Phenogram depicting the genetic relationships between thirty-eight isolates
of Candida and related genera used in pilot study 1, 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 17 in pilot study 1

Isolate | 17A.1 | 17A2 | 17A3 | 17A4 | 17AS
17A.2 9

17A.3 9 9

17A.4 14 14 5

17A.5 15 15 10 10

17A.6 10 10 10 10 5
Isolate | 17B.1 | 17B.2 | 17B.3 | 17B4 | 17B.5
17B.2 5

17B.3 5 10

17B.4 5 15 5

17B.5 15 11 10 10

17B.6 10 10 5 14 5
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3.1.2.d Interpretation

Single colonies from isolate 17A differed at 5 to 15% of the loci assessed, as did colonies
from isolate 17B. This genetic difference represents strain variation within this patient’s
sample. Strains of isolate 17A differed from those of isolate 17B at 10 to 25% of the loci
assessed. Both samples were oral rinses but isolate 17A was taken when the patient had oral
candidiasis while 17B was taken in the absence of clinical infection. The close genetic
proximity of isolates from infection and asymptomatic carriage 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 27A probing method because it was able to discriminate three pairs of
strains (M1A, M1B, M2A, M2B, 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
14130 was retyped as T. beigelii following identification of its close genetic association
with this species in the present data. Isolate 14130 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 HIV-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 17A and 17B in pilot study 1).

82



3.1.3 Pilot Study 2

3.13.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

variation.

The aim was then;
® o confirm the discriminatory power of the allozyme electrophoresis
technique using a wider variety of clinical strains with distinct

morphological, biochemical and/or clinical characteristics.

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. neoformans, also clinical isolates from sixteen patients, three single colony picks and
thirteen multiple colony isolates.  Additionally, four isolates from HIV-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 were 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 while 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

83



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, 68A and 70A 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 84.6% 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 44.9% 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
51.2% of loci. The third cluster differed from the first two at 71.4% 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 10% 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 34A
constituted a distinct cluster, which differed from all other isolates at 84.6% 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

Isolate Code Sex HIV status Site of Isolation Candidiasis Infection Antifungal Resistance Patient's Therapy Other Notes
C1 M - Undiluted Saliva -
17484 M + Throat Swab + Fluconazole, ltraconazole, 5-flurocytosine Ketoconazole
56A.1t06 M + Oral Rinse - Post radiotherapy patient, not HIV-positive. 56A.2
and .4 growth on agar slopes very adhesive
18715 M + Oral Buccal + Fluconazole Fluconazole
Mucosa Swab
54K.1t0 6 M + Oral Swab Oral pseudomembranous candidiasis Amphotericin B trial
91A1t06 M + Oral Rinse ? Candida species, germ tube + but possibly mixed
with other yeasts
68B.1 to 6 M + Oral Rinse ? not Candida albicans, unidentified Candida species
40G.1to 6 M + Oral Rinse ? Candida species (not C. albicans), germ tube +,
looks mixed
30A.1t06 M + Oral Rinse + Fluconazole On 50mg of Previous isolate fluconazole sensitive
fluconazole a day
15526 M ? Oral + - Ketoconazole Germ-tube negative, recurrent infection
34B.1to 6 M + Oral Rinse ? Growth on agar slopes very adhesive and granular
S8 M - Undiluted Saliva -
34A1to6 M + Oral Rinse ? Growth on agar slopes very adhesive and granular
ATCC 90113 Cerebrospinal fluid, systemic Cr. neoformans type strain
Pennsylvania
ATCC 90028 Blood, lowa systemic C. albicans reference strain
ATCC 90029 Blood, lowa systemic C. albicans reference strain
ATCC 90030 Blood, lowa systemic C. glabrata reference strain
S21 F - Undiluted Saliva - Not C. albicans
523 F - Undiluted Saliva -
401.1to 6 M + Oral Rinse ? Candida species
54A1to 6 M + Oral Rinse ? 54A.1 growth on agar slopes very adhesive
62A.1t0 6 M + Mouth swab ? HIV Ab+, immunosuppressed,
clinical HSV of penile shaft
68A.1106 M + Oral Rinse ? not Candida albicans, unidentified Candida species
70A.1t0 6 M + Oral Rinse ? Candida glabrata

The double dividing line separates isolates whose genetic relationships were analysed from those that appeared mixed/heterozygous due to multiple bands at a single enzyme locus and that
were subsequently eliminated from the analysis. Annotations as in Tables 3.2 (p., 70) and 3.4 (p., 78).
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Figure 3.4; Phenogram depicting the genetic relationships between eighteen isolates
of Candida 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., 67 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 68B
may still belong to the species C. albicans and represent the boundary of genetic variation
detectable within the species, but isolate 34A definitely constitutes a distinct Candida
species. Later characterisation using traditional morphological and biochemical techniques

identified this isolate as C. tropicalis.

Clinical isolate 56A 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. dubliniensis. 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 HIV-negative individuals that were asymptomatic Candida
carriers were scattered among isolates obtained from clinical infection in HIV-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

3.14.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 1 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;
e to0 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, 37°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.
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3.14.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. neoformans)

(Table 3.9 p., 92).

3.14d 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 General 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® Contaminant’

ATCC 90028 | C. albicans C. parapsilosis

ATCC 90029 | C. albicans C. parapsilosis

ATCC 90030 | C. glabrata C. tropicalis

ATCC 90112 | Cr. neoformans var. C. parapsilosis
neoformans

ATCC 90113 | Cr. neoformans var. gattii Cr. neoformans

a; Identity of the supplied strain from ATCC
b; Current identity of the contaminated sample
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3.2 Taxonomic analyses using allozyme 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 1.2.3 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;
e to use allozyme electrophoresis to establish a range of genetic
markers to distinguish each of the thirteen most commonly isolated

Candida species and
e (o 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 1.2.3 p., 14). 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.
dubliniensis is newly described and not as well characterised. Three outgroups, or
genetically distinct species, were also included; namely, the ascomycetes Trichosporon
beigelii and Cryptococcus neoformans and the most closely related basidiomycete,
Saccharomyces cerevisiae as described in Section 2.1.2 (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 60%. 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 80% 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.
neoformans. Variation within C. albicans ranged from O to 10.7% of loci and between the
C. kefyr type and reference strain at 5%. There were no fixed genetic differences between
isolates 3630, RA1B, RA2B, RA3C, RA4C and ATCC 90029. The most genetically-similar

species to C. kefyr was S. cerevisiae, which differed at 61% of loci. These two species
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differed from C. albicans at 64.4% of loci. These three species differed from the
basidiomycete species T. beigelii and Cr. neoformans at 76.3% of loci. Cr. neoformans var.
gattii differed from T. beigelii at 38 to 53.5% of loci, with the T. beigelii type strain splitting
the type and reference strains. These species, in turn, differed from Cr. neoformans var.
neoformans at 65.2% of loci and the type and reference strain of this species differed from
each other at 50% of loci. Genetic group 1 differs from C. glabrata at 80.3% of loci. The
type and reference strains for this species differ at 13% of loci. These two clusters differ
from the third at 81.5% of loci. The third cluster contains C. parapsilosis, C. guilliermondlii,
C. norvegensis and C. dubliniensis. The three type and reference isolates of C. parapsilosis
differed at O to 5% 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 8% of loci. The species C. guilliermondii
and C. norvegensis differed from each other at 75.4% of loci and from C. parapsilosis at

75.4% of loci. The three species differed from C. dubliniensis at 78.2% of loci.

The three described clusters of isolates differed from the fourth and fifth at 87.5% of loci
and the fourth differed from the fifth at 82.4% of loci. The fourth cluster contains five
Candida species. C. tropicalis strains differed from each other at 11% of loci and from two
identical C. viswanathii isolates at 66% of loci. Both C. viswanathii isolates originated from
the same clinical infection but were sourced from different culture collections. C. lusitaniae
isolates differed from each other at 18% of loci and from the C. haemulonii isolate and the
C. famata isolate at 72% of loci. These species differed from the former two at 74.8% of
loci. This cluster of species differed from the fifth, which contained the identical type and
reference isolates of C. krusei, at 82.4% 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 of isolation *

CBS 5627 ® C. albicans skin (interdigital mycosis), Uruguay

ATCC 90029  C. albicans blood, Towa

3630 C. albicans lab strain

RA1B C. albicans mouse

RA2B C. albicans mouse

RA3C C. albicans mouse

RA4C C. albicans mouse

ATCC 90028 C. albicans blood, Iowa

CBS 834" Kluyveromyces marxianus (C. kefyr)® kefyr grains, Netherlands

ATCC 46764  C. kefyr clinical isolate, Texas

ATCC 2601 Saccharomyces cerevisiae

CBS 24667 Trichosporon beigelii

ATCC90113  Cr. neoformans var. gattii cerebrospinal fluid, Pennsylvania

CBS 6289" Cryptococcus neoformans var. gattii ° spinal fluid of man, Zaire

CBS 1327 Cr. neoformans var. neoformans* fermenting fruit juice

ATCC90112  Cr. neoformans var. neoformans cerebrospinal fluid, Pennsylvania

CBS 1387 C. glabrata (Torulopsis glabrata) human faeces

ATCC 90030  C. glabrata (Torulopsis glabrata) blood, Towa

CBS 604" C. parapsilosis case of sprue, Puerto Rico

ATCC 22019  C. parapsilosis case of sprue, Puerto Rico

ATCC 90118  C. parapsilosis blood, Virginia

CBS 566" Pichia guilliermondii (C. guilliermondii)  sputum

ATCC 6260 C. guilliermondii bronchomycosis

CBS 6564" Pichia norvegensis (C. norvegensis) pregnant woman’s vagina, London

CBS 79877 C. dubliniensis oral cavity, HIV-positive, Ireland

CBS 947 C. tropicalis bronchomycosis

ATCC 13803  C. tropicalis

CBS 40247 C. viswanathii meningitis, cerebrospinal fluid, India

ATCC 22981  C. viswanathii cerebrospinal fluid, India

CBS 69367 Clavispora lusitaniae (C. lusitaniae) citrus essence, Israel

ATCC 42720  C. lusitaniae blood, myelogenous leukaemia patient,
California

CBS 5149" C. haemulonii gut of Haemulon sciurus (fish), Florida

CBS 940" C. famata air, Japan

CBS 573" Issatchenkia orientalis (C. krusei) sputum, bronchitic convict, Sri Lanka

ATCC 6258 C. krusei sputum, bronchitic convict, Sri Lanka

Environmental/clinical origin of the strain

b
c

d

T . .

= type strain of the species
Species names in brackets are the synonymous/teleomorph species names
Cr. neoformans var. gattii and Cr. neoformans var., neoformans are the two serovars of the species.
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Enzyme Locus
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Isolate Code

Table 3.11; Allelic profiles at twenty enzyme loci for thirty-two isolates used to investigate the systematics of Candida using allozyme electrophoresis
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Figure 3.5; Phenogram depicting the genetic relationships between thirty-two type
and reference strains of medically important Candida 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 et al. (2000) 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 60% 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, 80% (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 10.7% 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 neoformans and Trichosporon beigelii within genetic cluster 1 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 neoformans were genetically distinct with 7.

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. tropicalis, 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. 1991). The applicability of the latter method has been questioned for a
number of bacterial, algal, yeast, animal and plant taxa (refer to Section 1.1.2 p., 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 phenotypically diverse Candida

clinical isolates

3.2.2.a  Background

Most clinical isolates examined in the present study were identified as C. albicans using
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 3.2.1 p.,

93) indicated that relationships above the species level were not resolved.

The aims were;
e to determine the level of genetic variation between clinical isolates
that are morphologically and biochemically diverse and
® to assess 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, HIV-negative) and C. albicans isolates with different colony morphologies when
grown on Sabouraud’s dextrose agar (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 HIV-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 89.4% of the nineteen loci. Isolates clustered
into species as occurred in Section 3.2.1 (p., 93). The isolates could be divided into six
clusters distinguished at over 80% 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 32.8% of loci. Two clinical isolates from different
patients, 56A and 58A, were genetically identical. The C. albicans isolates differed from C.
lusitaniae, C. viswanathii and clinical isolate 34A at 73% of loci. The clinical isolate
differed from C. lusitaniae at 56% of loci and they, in turn, differed from C. viswanathii at
65.5% of loci. Clinical isolates S8 and 15526 differed from the C. dubliniensis type strain at
13 and 43% of loci, respectively. They then differed from the C. parapsilosis type strain at
66.3% of loci. This group of species differed from the first at 74.7% of loci and together

constituted the first cluster.

The first cluster differed from the second at 80.2% of loci, the second containing a
clinical isolate S1, the C. guilliermondii type strain and the §. cerevisiae type strain. The

first two isolates differed from each other at 50% of loci and from the last at 69.5% of loci.

The third cluster differed from the first and second at 80.5% of loci. It contains C.
glabrata, C. tropicalis, T. beigelii and both serovars of Cr. neoformans. The two strains of
Cr. neoformans var. neoformans differed at 46% of loci, and differed from the clinical
isolate 14130, subsequently identified as T. beigelii at 62% of loci. These isolates in turn
differed from the T. beigelii type strain at 68.3% of loci and from Cr. neoformans var. gattii
at 71% of loci. These species grouped with the C. glabrata and C. tropicalis type strains at
78.7% with these two strains differing at 56% of loci. The first three clusters differed from
the second three clusters at 89.4% of loci. The fourth cluster consisted of C. krusei and C.
haemulonii, which differed from each other at 65% of loci and from C. tropicalis at 75% of
loci. This cluster differed at 82% of loci from the type strain of C. norvegensis. The
clinical isolate S21 differed from the C. famata type strain at 60% of loci and this final
cluster differed from the fourth and fifth cluster at 86.3% of loci.

Each recognised species could be distinguished from each other, with fixed genetic
differences at above 50% of loci. This value appears to be sufficient for the designation of
distinct species, whereas using a cutoff value of more than 80% 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 50% 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. neoformans and T. beigelii cluster but
with fixed differences at over 50% of loci. The clinical isolates that differed from type
strains by over 50% 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 3.12a; Details of the thirty-nine reference and clinical isolates used to estimate the genetic diversity of Candida clinical isolates using allozyme

electrophoresis
Isolate Code Sex HIV status Site of Isolation Candidiasis Infection  Antifungal Resistance Patient’s Therapy Other Notes
58
17130 F + Oesophageal Biopsy + Fluconazole, ltraconazole Fluconazole
56A.1t0 6 M + Oral Rinse carrier Post radiotherapy patient, not HIV-positive. 56A.2 and .4 growth on
agar slopes very adhesive
58A.1t06 M + Oral Rinse OHL CD4<200, OHL tongue and coated with white plaques
ATCC 90028 Blood, lowa systemic C. albicans reference strain
18502 M + Oral + - ltraconazole trial Low CD4 count
18735 F ? Systemic; Blood ? -
18715 M + Oral Buccal Mucosa Swab + Fluconazole Fluconazole
CBS 562 skin (interdigital mycosis), Uruguay C. albicans type strain
18527 M ? Pancreas ? - Multiple abscess and on liver taken at laparotomy; from C. albicans,
enterococci and multiple resistant P. aeruginosa
17484 M + Throat Swab + Fluconazole, Itraconazole, Ketoconazole
5-flurocytosine
12716 M + Oral Swab + Fluconazole, moderate 5- Mixed infection with C. krusei; resistant to fluconazole, Itraconazole
flurocytosine and 5-flurocytosine. Reidentified as C. dubliniensis
C1 M Undiluted Saliva asymptomatic carriage -
34A.110 6 M + Oral Rinse ? Growth on agar slopes very adhesive and granular
CBS 6936 citrus essence, Israel Clavispora lusitaniae (C. lusitaniae) type strain
CBS 4024 meningitis, cerebrospinal fluid, India C. viswanathii type strain
CBS 7987 + oral cavity, Ireland C. dubliniensis type strain
S8
15526 M ? Oral + - Ketoconazole Germ-tube negative, recurrent infection
CBS 604 case of sprue, Puerto Rico C. parapsilosis type strain
CBS 566 sputum Pichia guilliermondii (C. guilliermondii) type strain
S1 M - Undiluted Saliva asymptomatic carriage - species other than 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

Isolate Code Sex HIV status Site of Isolation

Candidiasis Infection

Antifungal Resistance  Patient’s Therapy Other Notes
ATCC 2601 Saccharomyces cerevisiae
CBS 6289 spinal fluid, Zaire Cryptococcus neoformans var. gattii type strain
CBS 132 fermenting fruit juice Cr. neoformans var. neoformans type strain
ATCC 90113 Cerebrospinal fluid, Pennsylvania systemic Cr. neoformans var. gattii reference strain
14130 M + Oral + Outpatient. Reidentified WCH on 14/12/95 - Trichosporon beigelii
CBS 2466 Trichosporon beigelii type strain
CBS 138 human faeces C. glabrata (Torulopsis glabrata) type strain
CBS 834 kefyr grains, Netherlands Kluyveromyces marxianus (C. kefyr) b type strain
CBS 940 air, Japan C. famata type strain
S21 F - Undiluted Saliva asymptomatic carriage species other than C. albicans
CBS 6564 pregnant woman’s vagina, London Pichia norvegensis (C. norvegensis) type strain
ATCC 6258 sputum, bronchomycosis, Sri Lanka C. krusei
CBS 94 bronchomycosis C. lropicalis type strain
CBS 5149 gut, Haemulon sciurus (fish), Florida C. haemulonii type strain
40l.1t0 6 M + Oral Rinse ? Candida species
62A.1 t0 6 M + Mouth swab ?
68A.1t0 6 M + Oral Rinse

HIV Ab+, immunosuppressed, clinical HSV of penile shaft

Annotation as in Tables 3.2 and 3.4 (p., 70 and 78).

species other than C. albicans
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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 56A and 58A from an HIV-negative radiotherapy patient
and an HIV-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 3.2.1 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 3.2.1 and 3.2.2;
e 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 50%.
e Anamorphs and teleomorphs of a Candida species cluster together, supporting
their inclusion into a single taxonomic species.
e 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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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 analyses 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 80% of clinical isolates, that are germ-tube positive and were presumptively

identified as C. albicans, were assessed.

The aims were:

e to assess the suitability of the Candida type and reference strains
used in Section 3.2 (p., 93) according to their genetic relatedness
to clinical samples;

e to determine the extent of genetic heterogeneity of clinical isolates
based on the framework established in Section 3.2.1 (p., 93); and

e o determine the genetic relatedness of Candida 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 HIV-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 HIV-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 1A, 1B and 1C. 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 1A.1-3.

From the ninety-nine HIV-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
50% 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 1

3.3.3.a Results

Isolates (Table 3.14 p., 113-4) differed at O to 92.1% of the fifteen loci assessed (Table
3.15 p., 115-6) forming twenty-two distinct clusters that differed at over 50% of the loci
(Figure 3.7 p., 117).

The first cluster contained the C. norvegensis type strain CBS 6564 which differed to
clinical isolate 34A at 57% of loci, the latter strain forming cluster 2. These two isolates
differed from isolate S1 (cluster 3) at 62% if loci and from the C. albicans cluster (4) at
66.3% of loci. Isolates within the C. albicans cluster differed from each other at 0 to 29.3%
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of loci. The fifth to eighth clusters differ from the first four at 83.5% of loci. The fifth
cluster contained the type strains of C. guilliermondii and T. beigelii, which differed from
each other at 50% of loci and from the sixth cluster containing isolate 70A (C. glabrata) at
68.5% 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% of loci. The latter two clusters differed from the previously described fifth and
sixth cluster at 80.5% of loci.

The first eight clusters differed from the next eleven clusters at 85.9% of loci. The ninth
cluster contained the C. glabrata type strain, which had fixed differences at 74% of loci
from both the tenth and eleventh cluster. The Cr. neoformans var gattii type strain had
fixed differences at 62% of loci from the eleventh cluster, which contained the C.

parapsilosis type strain and clinical isolate S21, differing from each other at 33% of loci.

This group of clusters differed from the twelfth to eighteenth clusters at 84.8% of loci.
The twelfth cluster contained clinical isolates 15A and 15526, which differed at 23% of loci
and from the C. dubliniensis type strain at 46% of loci. These isolates then differed from
the S. cerevisiae type strain (cluster 13) at 66.3% of loci. These clusters differed from the 7.
beigelii reference strain (cluster 14) at 74.5% of loci. The type strain of Cr. neoformans var
neoformans and a reference isolate of Cr. neoformans var gattii differed at 33% of loci,
constituting cluster 15. The C. kefyr type strain and a clinical isolate (76A) differed at 60%
of loci forming clusters 16 and 17, subsequently differed to cluster 15 at 79.9% of loci.
These clusters differed from clusters 12 to 14 at 79.9% of loci. The C. tropicalis type strain
differed from all of these clusters at 83.2% of loci, forming a distinct cluster. The precise
relationship between clusters 19 to 21 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 70% 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 89.5% of loci.

The twenty-second cluster contains a single clinical isolate, 14130, subsequently
identified as 7. beigelii, which differed at 92.1% of loci from all other isolates assessed in

this analysis.
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Table 3.14a; Details of the forty-three reference and clinical samples analysed in study 1 using allozyme electrophoresis

isolate Code Sex HIV status Site of Isolation Candidiasis Antifungal Resistance Patient’s Therapy Other Notes
CBS 6564 pregnant woman'’s vagina, London Pichia norvegensis (C. norvegensis) type strain
34A.110 6 M + Oral Rinse ? Growth on agar slopes very adhesive and granular
S1 M - Undiluted Saliva - Not C. albicans
58A.11t0 6 M + Oral Rinse OHL CD4<200, OHL tongue and coated with white plaques
CBS 562 skin (interdigital mycosis), Uruguay C. albicans type strain
C1 M - Undiluted Saliva -
56A.11t06 M + Oral Rinse carrier Post radiotherapy patient, not HIV-positive. 56A.2 and .4 growth
on agar slopes very adhesive
12716 M + Oral Swab + Fluconazole, moderate 5- Mixed infection with C. krusei; resistant to fluconazole, ltraconazole
flurocytosine and 5-flurocytosine. Reidentified as C. dubliniensis
18715 M + Oral Buccal Mucosa Swab + Fluconazole Fluconazole
18502 M + Oral + - ltraconazole trial Low CD4 count
ATCC 90028 Blood, fowa systemic C. albicans reference strain
17484 M + Throat Swab + Fluconazole, ltraconazole, Ketoconazole
5-flurocytosine
18527 M ? Pancreas ? - Multiple abscess and on liver taken at laparotomy; from C.
albicans, enterococci and multiple resistant P. aeruginosa
17130 F + Oesophageal Biopsy + Fluconazole, Itraconazole Fluconazole
18735 F ? Systemic; Blood ? -
5B M + Oral Rinse McCullough strain
CBS 566 sputum Pichia guilliermondii (C. guilliermondii) type strain
CBS 2466 Trichosporon beigelii type strain
70A1to 6 M + Oral Rinse ? Candida glabrata
CBS 4024 meningitis, cerebrospinal fluid, India C. viswanathii type strain
CBS 6936 citrus essence, Israel Clavispora lusitaniae (C. lusitaniae) type strain
CBS 138 human faeces C. glabrata (Torulopsis glabrata) type strain
CBS 6289 spinal fluid, Zaire Cryptococcus neoformans var. gattii type strain
CBS 604 case of sprue, Puerto Rico C. parapsilosis type strain
S21 F - Undiluted Saliva - Not C. albicans

Annotation as in Tables 3.2 and 3.4 (p., 70 and 78).
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Table 3.14b; Details of the forty-three reference and clinical samples analysed in study 1 using allozyme electrophoresis

Isolate Code Sex HIV Site of Isolation Candidiasis Antifungal Patient's Therapy Other Notes
status Resistance
15526 M 3 Oral + - Ketoconazole Germ-tube negative, recurrent infection
15A.1t0 6 M + ? ? C. glabrata
CBS 7987 Oral cavity, Ireland C. dubliniensis type strain
ATCC 2601 Saccharomyces cerevisiae
ATCC 28592 T. beigelii
CBS 132 fermenting fruit juice Cr. neoformans var. neoformans type strain
ATCC 90113 Cerebrospinal fluid, Pennsylvania  systemic Cr. neoformans var. gattii reference strain
CBS 834 kefyr grains, Netherlands Kluyveromyces marxianus (C. kefyr) b type strain
76A 1106 M + Oral Rinse ? Not C. albicans
CBS 94 bronchomycosis C. tropicalis type strain
ATCC 6258 sputum, bronchomycosis, Sri C. krusei
Lanka
CBS 5149 gut, Haemulon sciurus (fish), C. haemulonii type strain
Florida
CBS 940 air, Japan C. famata type strain
14130 M + Oral + - Fluconazole OQutpatient. Reidentified WCH on 14/12/95 - Trichosporon beigelii
401.1t0 6 M + Oral Rinse ? Candida species
62A.1106 M + Mouth swab ? HIV Ab+, immunosuppressed, clinical HSV of penile shaft
68A.1106 M + Oral Rinse 2 not Candida albicans, unidentified Candida species
S8 M - Undiluted Saliva -

Annotation as in Tables 3.2 and 3.4 (p., 70 and 78).
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Table 3.15b; Allelic profiles of forty-three isolates analysed in study 1 at fifteen enzyme loci

Enzyme Locus

Isolate Code

ALD

ENOL

GDH

Q

&)

o>
z

HK2

IDH

MPI

NDPK

PepA

PepB

PGAM

P

£

u
-~

15526
15A.1to 6
CBS 7987

[of

(e3¢}

o 6

c
b

C

<€

€

ATCC 2601

ATCC 28592

CBS 132
ATCC 90113

@w oo |

[ E=ai (=% AN o]

U Lol =N =P =Py =¥

CBS 834

76A.1to 6

CBS 94

ATCC 6258

CBS 5149

CBS 940

oo p=e =]

14130

Ojo|o|o | |C|T)

40L1 to 6

62A.1t06

68A.1t06
S8

o e fo|alo|lolo|ile olo|lo|lr o

o Beojm|smi=loflo|s]|oofe]:

o acojsio(ealo|o|—| o « g |

&
o8 g ofom|wz|ow e oo ol o o|F

age alo|: Ve =) s olalale aalD
=

oo fwaTe alal-lca oo |aajlc o o

O O ||| |O|TIO0 |0 (|- 0O O

o 5

R o T O[T == =|o |0 o | |5 ooe

o o=l O fl

] e L e o L B S S

oo Folo|=T|mhe o

a0 oo |o|o e~

[=9
o

(=T ¢

a o = ala|=wwolal=lohk o |o|-aalQ

T arr m (ol (o | f=l=-e O|l=-lo|o o o

Annotation as in Tables 3.3 and 3.5 (p., 71 and 79).
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Figure 3.7; Phenogram depicting the genetic relationships between thirty-
nine isolates of Candida 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. dubliniensis, one to C. parapsilosis and five to undetermined
Candida species. As discussed in Section 3.1.2 (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 70A 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 70A 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 neoformans serovars formed two
distinct clusters (CBS 132 and ATCC 90113), suggesting that these subtypes may warrant a
separate species designation. Additionally, the Cr. neoformans var gattii reference strain
(CBS 6289) may have been improperly designated or was contaminated because it is not

associated with the other Cr. neoformans isolates assessed in this analysis.

3.3.4 Study 2

3.34.a Results
The isolates assessed in study 2 (Table 3.16 p., 120-21) varied at 0 to 89.4% of the

nineteen enzyme loci assessed (Table 3.17 p., 122). They formed nineteen distinct clusters

with fixed differences between them at over 50% 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 46.6% 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 68B differed from the first cluster at 53.6% of loci and constituted the
second cluster. Isolates ATCC 22981 and 14130 differed from each other at 60% of loci,

forming clusters 3 and 4, which differed from clusters 1 and 2 at 69.9% of loci.

These four clusters differed from clusters 5 and 6 at 79.3% of loci. Cluster 5 contained a
single isolate ATCC 2601, the type strain for S. cerevisiae which differed from cluster 6 at
77.8% of loci. Cluster 6 contained four clinical isolates and the C. dubliniensis type strain
that differed from each other at 8 to 27.3% 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 12.5% 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. dubliniensis species.

Clusters 7 to 10 differ from the first six clusters at 84.2% of the nineteen enzyme loci
assessed. Clinical isolate 76A and the T. beigelii type strain, which differ from each other at
50% of loci, constitute cluster 7. Cluster 8 contains the Cr. neoformans var. neoformans
type strain CBS 132, which differs from cluster 7 at 59.5% of loci. Clusters 9 and 10 differ
from each other at 62% and from clusters 7 and 8 at 74.8% of loci. They contain single
isolates CBS 138, the C. glabrata type strain, and 86A. Clusters 11 to 16 contain single
isolates, which differ from the previously described clusters at 86% of loci. These clusters
differ from each other at 62% to 82% 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. lusitaniae type
strain, cluster 14, the C. norvegensis type strain. Clusters 15 and 16 contain the C.

parapsilosis type strain and clinical isolate S21, respectively.
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Table 3.16a; Details of the thirty-four reference and clinical samples analysed in study 2 using allozyme electrophoresis

Isolate  Sex HIV Site of Isolation Candidiasis Antifungal Resistance Patient’s Other Notes
Code status Infection Therapy
M2A M + Oral Rinse +
17484 M + Throat Swab + Fluconazole, ltraconazole, 5- Ketoconazole
flurocytosine
P1 Patient with acute pseudomembranous Lesions induced in 60% of rats
candidiasis
16517 M ? Systemic; Blood fs - penicillin
56A M + Oral Rinse - Post radiotherapy patient, not HIV-positive. 56A.2 and .4 growth on
agar slopes very adhesive
M5A M + Oral Rinse +
12716 M + Oral Swab + Fluconazole, moderate 5- Mixed infection with C. krusei, resistant to fluconazole, Itraconazole
flurocytosine and 5-flurocytosine
A2 Patient with chronic atrophic candidiasis Lesions absent in rat.
91A M + Oral Rinse ? Candida species, germ tube + but possibly mixed with other yeast
68B M + Oral Rinse ? not Candida albicans, unidentified Candida species
ATCC cerebrospinal fluid, India C. viswanathii reference strain
22981
14130 M + Oral + - Fluconazole Outpatient. Reidentified WCH on 14/12/95 - Trichosporon beigelii
ATCC 2601 Saccharomyces cerevisiae type strain
40l M + Oral Rinse ? Candida species
15526 M ? Oral + - Ketoconazole Germ-tube negative, recurrent infection
S8 M - Undiluted Saliva -
CBS 7987 + oral cavity, Ireland C. dubliniensis type strain
34B M + Oral Rinse ? Growth on agar slopes very adhesive and granular
CBS 2466 T. beigelii type strain
76A M + Oral Rinse ? Not C. albicans

Annotation as in Tables 3.2 and 3.4 (p., 70 and 78).
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Table 3.16b; Details of the thirty-four reference and clinical samples analysed in study 2 using allozyme electrophoresis

Other Notes

Site of Isolation Candidiasis Infection Antifungal Resistance Patient’s Therapy

Cr. neoformans var. neoformans type strain

Isolate Code Sex HIV status
fermenting fruit juice

C. glabrata (Torulopsis glabrala) type strain

CBS 132
CBS 138 human faeces
86A M + Oral Rinse ? Candida species, not C. albicans
CBS 940 air, Japan C. famata type strain
ATCC 6260 bronchomycosis C. guilliermondii reference strain
CBS 6936 citrus essence, Israel Clavispora lusitaniae (C. lusitaniae) type strain
CBS 6564 pregnant woman's vagina, London Pichia norvegensis type strain
CBS 604 case of sprue, Puerto Rico C. parapsilosis type strain
S21 F - Undiluted Saliva - Not C. albicans
CBS 834 kefyr grains, Netherlands Kluyveromyces marxianus (C. kefyr) type strain
CBS 5149 gut, Haemulon scirus (fish), Florida C. haemulonii type strain
ATCC 6258 sputum, bronchomycosis, Sri Lanka C. krusei reference strain
CBS 573 sputum, bronchomycosis, Sri Lanka Issatchenkia orientalis (C. krusei) type strain
54A M + Oral Rinse ? 54A.1 growth on agar slopes very adhesive

Annotation as in Tables 3.2, 3.4 and 3.7 (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

Enzyme Locus

ENOL EST FDP FUM GDH GOT G6PD GPIL HK1 HK2 NDPK NP PepA PepB PGAM 6PGD PGM PK

ALD

Isolate Code

T TV V VWV~ O

o0 60 50 50 1 50 $P 5o

0O 0O O o0 Qoo oeau

L £ 000008 %

TTOT TV O O

&0 50 BH &O &) bL BD B =

V0O 0o Qe 0O

I =Rs=Ts=lis=Thie R =T N =)

L 0TTWO

[SIS TSR I

TV TTOTWT VT O

TT W ed

j=Ig=Rie =l = BN R = s o g © s o

[SEECRRSERC IS )
TWWT o
LLO0 0D v D 1D

M2A
17484
P1
16517
56A
MS5A
12716
A2
91A

68B
ATCC 22981

d

14130
ATCC 2601

C

o0

401
15526

Fapuapiapal

on oy

[

a

[

S8
CBS 7987

(o)

Q

on bl -

Y

[

S

34B
CBS 2466

o0 b

T6A
CBS 132

C
C

CBS 138

86A
CBS 940
ATCC 6260

ce

f
b

CBS 6936
CBS 6564

oy

Cce

ac

g2

CBS 604

ch

S21
CBS 834
CBS 5149

be

ac

h
b
b

oo ooy

on by

CBS 573
ATCC 6258

ad

ac

ce

cd

cd

be

bd

S54A
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Figure 3.8; Phenogram depicting the genetic relationships between thirty-
three isolates of Candida 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.

123



3.34.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, 12716, 5A).

Isolates P1 and A2 (Allen and Beck 1987) 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 O to 74.2% of the nineteen loci examined (Table
3.19 p., 126). Three clusters of isolates with fixed differences over 50% were evident
(Figure 3.9 p., 127). The first contained the majority of clinical isolates assessed, which

differed at O to 26.4% 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 67.2% of loci. The second cluster contained two isolates, the C. dubliniensis type
strain and clinical isolate 40H, which differed from each other at 44% of loci. The third
cluster contained a single isolate, the C. parapsilosis type strain, which differed from all

other isolates assessed herein at 74.2% of the loci.
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Table 3.18; Details of the twenty-seven reference and clinical samples analysed in study 3 using allozyme electrophoresis.

Isolate Code Sex HIV status Site of Isolation Candidiasis Antifungal Resistance  Patient’s Therapy Other Notes
71A1to 6 oral rinse
71B.1t0 6 oral rinse
CBS 562 skin(interdigital mycosis), C. albicans type strain
Uruguay
80A.1106
68D.1t0 6 M + Pharynx Swab ? same time as 68C
ATCC 90029 Blood, lowa systemic C. albicans reference strain
40B.1to 6
44A11t06
46B.1t0 6
17130 F + Oesophageal Biopsy + Fluconazole, ltraconazole Fluconazole
ATCC 90028 Blood, lowa systemic C. albicans reference strain
46A.1t0 6
84B.1t0 6 M + Palate Swab +
40J.1to 6
12716 M + Oral Swab + Fluconazole, moderate 5- Mixed infection with C. krusei, resistant to fluconazole, ltraconazole
flurocytosine and 5-flurocytosine. Reidentified as C. dubliniensis
CBS 7987 + oral cavity, Ireland C. dubliniensis type strain
40H.1to 6
CBS 604 case of sprue, Puerto Rico C. parapsilosis type strain
40A. 1106 M + ? ? Clinical and identification data not available
40C.1t06
40D.1to 6
40E.1t0 6
44B1106
68C.1106 M + Oral Rinse ?
68E’ M +
68F.1t0 6 M + Oral Rinse ? 1 month later
84C.110 6 M + Tongue Swab + Fluconazole Candida species, 7 months later

Annotation as in Tables 3.2, 3.4 and 3.7 (p., 70, 78 and 85).
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Figure 3.9; Phenogram depicting the genetic relationships between
eighteen isolates of Candida 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.

Isolate 40B 40H 40J 46A 46B 71A
40H 50°
40J 44 50
46A 11 50 33
46B 22 56 39 11
71A 28 61 39 17 28
71B 28 61 39 21 28 0°

a; Percentages of loci 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 0%), the isolates are closely related but not necessarily identical.
Allozyme electrophoresis provides a conservative estimation of the genetic
diversity between isolates.
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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 (12716 and 84B.2) suggesting that they are
heterozygous or contaminated. The same was also noted for 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 either 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 50% 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 10™ of May 1995, 40H on the 17"
of January 1996 and 40J on the 13™ of March 1996. All three isolates were from oral rinses.
Isolates 40A, 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 11% of loci, constituting distinct C. albicans
strains. They were both isolated from oral rinse samples taken on the 22™ of May 1995 and

the 16™ 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
129



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 71A 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 9 and the 16™ of August 1995, respectively,

both arising from oral rinses.

3.3.6 Study 4

3.3.6.a Results

Four clusters of isolates (Table 3.21 p., 131-2) that differed at over 50% 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 40.9% 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 34A.
These two clusters differ from each other at 65% of loci and from cluster 1 at 72.4% of loci.
The fourth cluster differs from the other three at 76.9% of loci. It contains two clinical
isolates and the C. dubliniensis type strain CBS 7987 with fixed differences between them at
24 to 41% 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 30.7% of loci (subcluster A) were not. This is due to there being tied
values in the matrix of fixed genetic differences (see Richardson et 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 3.21a; Details of the forty-six reference and clinical samples analysed in study 4 using allozyme electrophoresis

Isolate Code Sex HIV status Site of Isolation Candidiasis Antifungal Resistance Patient’s Therapy Other Notes
CBS 562 skin (interdigital mycosis), C. albicans type strain
Uruguay
22A1t06 M + Oral Rinse ?
22B.1t0 6 M + Oral Rinse + Fluconazole 100mg/day Fluconazole resistant candidiasis, Germ tube positive, FCZ
fluconazole resistance required
17D.1t0 6 M + Palate swab 2
17A1t0 6 M + ? ?
17E.1t0 6 M + Oral Rinse +
46B.1t0 6 M + Oral Rinse ?
84A.1t0 6 M + Oral Rinse +
ATCC 90028 Blood, lowa systemic C. albicans reference strain
80A.1t0 6 M + Oral Rinse ?
17130 F + Oesophageal Biopsy + Fluconazole, ltraconazole Fluconazole
19A.3 M + Oral Rinse ?
12716 M + Oral Swab + Fluconazole, moderate 5- Mixed infection with C. krusei - resistant to fluconazole,
flurocytosine ltraconazole and 5-flurocytosine. Reidentified as C. dubliniensis
71A.1106 M + Oral Rinse ?
71B.1t0 6 M + Oral Rinse ?
ATCC 90029 blood, lowa C. albicans reference strain
23B.1t0o 6 M + OHL Tongue swab OHL fungilin
23A.1t0 6 M + Oral Rinse +
23C.1t0 6 M + Oral Rinse ?
17C.1t0 6 M + Oral Rinse i2
88D.1t0 6 M + Oral Rinse OHL candidiasis, oral hairy leukoplakia
31A1to6 M + Oral Rinse ?
40D.1t0 6 M + Oral Rinse ?
68C.1 10 6 M + Oral Rinse ?
19D.1 to 6 M + Oral Rinse 2
31E1to 6 M + Oral Rinse ?
CBS 604 case of sprue, Puerto Rico C. parapsilosis type strain
34A.1t0 6 M + Oral Rinse ? Growth on agar slopes very adhesive and granular
CBS 7987 + oral cavity, Ireland C. dubliniensis type strain
30A.1to6 M + Oral Rinse + Fluconazole On 50mg Previous isolate fluconazole sensitive
fluconazole a day
40F.1t0 2 M + Oral Rinse ?

Annotation as in Tables 3.2 and 3.4 (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

Isolate Code Sex HIV status Site of Isolation Candidiasis Antifungal Resistance Patient’s Therapy Other Notes

32A.1t0 6 M + Swab OHL Tongue OHL

32B.1t06 M + Oral Rinse s

33A.1t06 M + Oral Rinse ?

40C.1to6 M + Oral Rinse ?

40E1t06 M + Oral Rinse ?

68A.110 6 M + Oral Rinse ? not C. albicans

68D.1t0 6 M + Pharynx Swab ? obtained at the same time

as 68C
84B.110 6 M + Palate Swab + obtained at the same time
as 84A

88B.110 6 M + Oral Rinse + Oral pseudomembranous candidiasis, sensitivity to amphotericin B
requested

88C.1t0 6 M + Oral Rinse + Oral pseudomembranous candidiasis, sensitivity to amphotericin B
requested

88E.1t0 6 M + Left Buccal Mucosal swab + candidiasis, oral hairy leukoplakia, sensitivity to amphotericin B
requested

88F.1106 M + Right Buccal mucosal swab + candidiasis, oral hairy leukoplakia, sensitivity to amphotericin B
requested

88G.1t0 6 M + Left Buccal Mucosal Swab Pseudomembranous pseudomembranous candidiasis, oral hairy leukoplakia, sensitivity

candidiasis over OHL to amphotericin B requested
88H.1t0 6 M + Oral Rinse Pseudomembranous pseudomembranous candidiasis, oral hairy leukoplakia, sensitivity
candidiasis over OHL to amphotericin B requested
88l.1t0 6 M + Oral Rinse ? germ tube positive

Annotation as in Tables 3.2, 3.4 and 3.7 (p., 70, 78 and 85).
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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

Enzyme Locus

Isolate Code ADH ALD ENOL EST FDP FUM GDH G6PD GPI HK1 HK2 NDPK NP PepA PepB PGAM 6PGD PGM PK
32A.1t06 € a d d a d - c e b bf ch a d b b b d e
32B.1to 6 e a d d a c f c € b bf ch a d b b b d c
33A.1t06 € - (3 d a d c b c c bf f a f b c a d d
40C.1t0 6 e a (< d a ce c ac d b af cf ah d d b c d be
40E.1to 6 e a bc - a d c c c b f f a f d - c c be
68A.1t06 d a ac d ¢ e c ac ac c bg cf a f e b c d d
68D.1to 6 e b (s bd a d c c c c be f a f d - c d d
84B.1t0 6 ce a c d a d - c c c d f a f c - c d c
88B.1t0 6 € a c d a d c b € b bf f a eg b b b d c
88C.1t0 6 e a c d a d d b c b bf f a eg b b b d c
88E.1t06 e a c d a d - b c b f f a eg b - a - c
88F.1to 6 e a c d a d - b c b f f a eg b b b d c
88G.1to 6 e a c d a d c b c b f f a cg b b b d c
88H.1to 6 - a c d a d - € c e c f a cg b - - - c
88L1to 6 € a (Y d a d b c b bf f a cg b bd b d c

Annotation as in Tables 3.3, 3.5 and 3.8 (p., 71, 79 and 86)
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Figure 3.10; 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

Isolate | 17A | 17C | 17D | 17E | 19A | 19D | 23A | 23B | 23C | 31A | 31E | 40D | 40F | 71A

17C | 28

17D 22 28

17E 14 36 21

19A 17 32 28 36

19D 39 37 39 50 26

23A 22 42 33 29 37 33

23B 29 39 24 21 39 56 22

23C 29 28 41 36 33 50 17 28

31A 35 41 35 43 35 53 47 38 44

31E 33 40 27 31 33 33 60 47 60 47

40D 29 33 39 33 33 47 47 27 47 31 42

40F 78 72 83 86 72 78 78 76 65 71 80 71

T1A 43 50 43 33 36 57 43 36 50 29 46 42 86

71B 28 44 28 29 22 44 28 24 35 29 33 36 78 7

Annotation as in Table 3.20 (p., 128).
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3.3.6.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 36% 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 the 29", and E on the 30" of
August 1995. The origin of isolate 17A was not provided. Isolates 17C 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. albicans strains at the end

of August, 1995.

The multiple isolates from patient 23 differed at 17 to 28% of loci, constituting distinct
C. albicans strains. Isolate 23B was taken from a tongue swab and C from an oral rinse in
this patient when oral hairy leukoplakia was noted on the 19" of May 1995. Isolate 23A
was from a previous oral rinse sample taken on the 11" 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 47% of loci. They were both oral rinse samples, obtained

on the 3™ of May 1995 and the 29™ of November 1995, respectively. Isolates 19A and D
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differed at 26% of loci. They were also both oral rinse samples obtained on the 5™ of April
1995 and the 24™ 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 71% 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" of November and the 13" 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 71A and B, from oral rinses on the 9™ and the 16 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 colonized by 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.

138



3.3.7 Study 5

3.3.7.a Results

Isolates in study 5 (Table 3.24 p., 140) differed at 14 to 78% of the nineteen loci assessed
(Table 3.25 p., 141). Six distinct clusters of isolates differing at over 50% of loci can be
identified (Figure 3.11 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
46.2% of loci. Isolate 12716 differed at 50.7% of loci from this cluster, forming a unique
cluster. The third cluster contained three clinical isolates which differed at 59% of loci from
the first two. Fixed differences in this cluster occurred at 27 to 36.5% of loci. Clinical
isolate 34A again formed a distinct cluster differing at 70.7% of loci from the three
described. These clusters differed from the remaining two at 78% of loci. The fifth cluster
contained the C. dubliniensis type strain and three clinical isolates that differed at 14 to 50%
of loci. This cluster differed at 63% 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

Isolate Code Sex HIV status Site of Isolation Candidiasis Antifungal Resistance  Patient’s Therapy Other Notes
CBS 562 skin (interdigital mycosis), C. albicans type strain
Uruguay
87A. 1106 M + Tongue Swab ? none
ATCC 90028 blood, lowa systemic C. albicans reference strain
29A.11t06 M + Oral Rinse ?
28B.1t0 6 M + ? ?
28A. 1106 M + Throat Swab red throat red throat
ATCC 90029 blood, lowa systemic C. albicans reference strain
12716 M + Oral Swab + Fluconazole, moderate 5- C. dubliniensis from a mixed infection with C. krusey;
flurocytosine Resistant to fluconazole, Itraconazole and 5-flurocytosine.
21B.1,2,46 F + Oral Rinse +
24A 1106 M + Swab + Nilstat drops Resection for Floor of Mouth scc & rnd & rt to bilateral neck.
25A. 1106 M + Swab +
34A 4 M + Oral Rinse @ Growth on agar slopes very adhesive and granular
Reidentified as C. parapsilosis or C. tropicalis
27A1t06 M + Oral Rinse ? Identity confirmed as C. albicans
27B.1t0 6 M + Tongue Swab ?
CBS 7987 + oral cavity, Ireland C. dubliniensis type strain
34B.1t0 6 M + Oral Rinse ? Growth on agar slopes very adhesive and granular
Identity confirmed as C. albicans
CBS 604 case of sprue, Puerto Rico C. parapsilosis type strain
20A.1,3-6 M + ? 2
26A.1106 M + Oral Rinse ? identity confirmed as C. albicans

Annotation as in Tables 3.2, 3.4 and 3.7 (p., 70, 78 and 85).
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Table 3.25; Allelic profiles of nineteen isolates analysed in study 5 at nineteen enzyme loci

Enzyme Locus
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Annotation as in Tables 3.3, 3.5 and 3.8 (p., 71, 79 and 86)
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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.

100

142



Table 3.26; Matrix of the percentages of fixed genetic difference occurred

between isolates from 3 individual patients in study 5

Isolate | 27A | 27B | 28A | 28B | 34A
27B 14
28A 80 75
28B 85 83 29
34A 93 92 67 67
34B 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 undetermined 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 27A and B differed at 14% 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 27A was
collected on the 21 and B on the 24™ of April 1995. This patient was probably colonized
by both C. dubliniensis strains during infection, with the 27B strain causing their lesion and

277A being the most predominant in their oral cavity.

Isolates 28A and B differed at 29% of loci, suggesting that they constitute different C.
albicans strains. Isolate 28 A was taken from a throat swab but the clinical origin of isolate
28B was not provided. Isolate 28A was collected on the 24™ 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 34A and B differed at 79% 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 5™ of April and the 29" 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., 146-7) that differ at more than 50% of the sixteen
loci assessed (Table 3.28 p., 148-9) could be discriminated in this analysis (Figure 3.12 p.,
[50). Cluster 1 contained the majority of isolates, including the C. albicans type strain, with
fixed differences between isolates in this cluster ranging from 13 to 47.9% 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 30.6% 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 50.2% of loci and contains four clinical
isolates with fixed differences ranging from 31 to 44.5% of loci. The third cluster differs
from the first two at 54.6% of loci. It contains the two C. albicans reference strains, which

differ from each other at 33% of loci.

These clusters differ from clinical isolate 34A, forming cluster 4, at 57.4% of loci.
Clinical isolates 20A and 45D differ at 45% of loci and constitute cluster 5. They differ
from the other four clusters described at 59.6% of loci. Clinical isolate 22A forms cluster 6,

which differs from the other clusters at 61.6% of loci.

Clusters 7 and 8 differ from clusters 1 to 6 at 74.3% of loci and cluster 9 differs at 81%
of loci. Cluster 7 contains six clinical isolates with fixed differences between them at 14 to
42.9% of loci. Cluster 8 differs from cluster 7 at 54.3% 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

Isolate Code Sex HIV status Site of Isolation Candidiasis Antifungal Resistance Patient’s Therapy Other Notes
CBS 562 skin (interdigital mycosis), C. albicans type strain
Uruguay
88A.2-4,6 M + Oral Rinse ?
88C.2 M + Oral Swab + Oral pseudomembranous candidiasis, sensitivity to amphotericin B
requested
17G.1,3,4,6 M + Oral Rinse +
17H1,2,5 M + Palate Swab + Previous cultures taken - A Candida strain resistant to fluconazole
31C.1,4,5 M + Tongue Swab OHL
12716 M + Oral Swab + Fluconazole, moderate 5- Mixed infection with C. krusei - resistant to fluconazole,
flurocytosine Itraconazole and 5-flurocytosine. Reidentified as C. dubliniensis
17C.2 M + Oral Rinse ?
17D.3 M + Palate Swab ?
17C3, 4 M + Oral Rinse ?
17D.5, 6 M + Palate Swab ?
19A.3 M + Oral Rinse ?
31B.1t0 6 M + Oral Rinse OHL
17F.2-4 M + Oral Rinse +
88D.2 M + Oral Rinse + candidiasis, oral hairy leukoplakia
19B.1-4,6 M + Buccal Mucosal Swab ?
19C.1to 5 M + Oral Rinse ?
18A.1 M + Mouth Swab ?
31A.2 M + Oral Rinse 2
32A4 M + OHL Tongue Swab OHL
34B.1 M + Oral Rinse ? Growth on agar slopes very adhesive and granular
87A.1,4-6 M + Tongue Swab ? none
28B.1t0 5 M + ? ?
32B.5 M + Oral Rinse ?
24AA1 M + Swab Floor of Mouth + Nilstat Oral Drops Resection for Floor of Mouth scc & rnd & rt to bilateral neck.
23C.1,4,5 M + Oral Rinse ?
28A.2 M + Throat Swab red throat red throat
21B.1,2,5 M + Oral Rinse +

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

Isolate Code Sex HIV status Site of Isolation Candidiasis Antifungal Resistance _ Patient’s Therapy Other Notes
23B.1t0 5 M + OHL Tongue Swab OHL Fungilin
31E1,3,5,6 M + Oral Rinse ?
25A.210 6 M + Oral Swab +
33B.2,4, 6 M + Oral Rinse ?
ATCC 90028 Blood, lowa systemic C. albicans reference strain
ATCC 90029 blood, lowa systemic C. albicans reference strain
34A.1, 3-6 M + Oral Rinse ? Growth on agar slopes very adhesive and granular
19D.1 M + Oral Rinse ?
20A.5 M + ? ?
22A2,3,5,6 M + Oral Rinse ?
21A1,2,46 M + Oral Rinse +
23D.2,3,5 M + Oral Rinse ?
23A1,5 M + Oral Rinse +
27A1,2,5,6 M + Oral Rinse ?
27B1to5 M + Tongue Swab ?
27C.2106 M + Oral Rinse ?
CBS 7987 + oral cavity, Ireland C. dubliniensis type strain
CBS 604 case of sprue, Puerto Rico C. parapsilosis type strain

Annotation as in Tables 3.2 and 3.4 (p., 70 and 78).
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Table 3.28b; Allelic profiles of forty-six isolates analysed in study 6 at sixteen enzyme loci

Enzyme Locus
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Annotation as in Tables 3.3 and 3.5 (p., 71 and 79).
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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 17C.2 | 17C3,4 | 17D | 17D.3 | 17F 17
G
17C.3, 4 19
17D 27 7
17D.3 27 20 20
17F 27 13 20 27
17G 40 20 20 20 27
17H 31 25 27 27 33 13
Isolate 19A 19B 19C
19B 31
19C 33 13
19D 45 62 62
Isolate 21A
21B 71
Isolate 23A 23B 23C
23B 62
23C 54 40
23D 38 79 73

Annotation as in Table 3.20 (p., 128).

Isolate 27A 27B
14
25 21
Isolate 28A
28B 38
Isolate 31A 31B 31C
31B 21
31C 27 21
31E 38 31 38
Isolate 32A
12B 20
Isolate 34A
34B 60
Isolate 88A 88C
0
23 21
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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 7 to 40% 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 20% 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 29™ of August, F on the 14™ of
September and G and H on the 10™ of November 1995. Each isolate was genetically
distinct. The Candida cultures taken were noted as clinically resistant to fluconazole. The
first infection was caused by at least four different C. albicans 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 62% 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 5 of April, B on the 10%
of June, C on the 15™ of November 1995 and D on the 24" 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 at 71% of loci. They were both from oral rinse

samples taken when the patient had obvious candidiasis infection, on the 12" of April and
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the 1% of December 1995. The first was placed with the C. dubliniensis cluster, the second

with the C. albicans cluster.

The multiple isolates from patient 23 differed at 40 to 79% 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 11" of April 1995, B a tongue swab in the presence of oral hairy leukoplakia on the 19"
of May 1995 and C and D oral rinse samples on the 22™ of May and the 9 of July 1995,
respectively. This patient was infected and asymptomatically colonized by both C. albicans
and C. dubliniensis strains, which were all genetically distinct. A C. albicans 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 25% 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% and the 24™ of April and the 17" 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 38% of loci, being different strains of C. albicans. Isolate
28A 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 at 29% 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 38% of loci, constituting distinct C.
albicans strains. Isolate A was from an oral rinse sample on the 5™ 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 29" of June 1995 and E from an oral rinse sample on
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the 29" of November 1995. 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 at 20% of loci, representing different strains of
C. albicans. Isolate A was from a tongue swab when the patient had oral hairy leukoplakia
on the 4™ of May 1995 and isolate B was an oral rinse sample taken on the 29" 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 34A and B differed at 60% 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 agar 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 4™ of May and the 29™ of September 1995, respectively. During

this time, patient 34 was colonized by two different species.

The multiple isolates from patient 88 had fixed genetic differences at O (A and C) to 23%
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 30™ of November 1995, C on the 4™ of March and D on the 4™ 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 3%2 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 1 were
mixed/heterozygous and isolates J to L were different C. albicans strains. The persistence
of one of the strains of C. albicans during 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 50% 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 Study7

3.39.a Results

Isolates in study 7 (Table 3.30 p., 156-7) differed at O to 74.8% of the sixteen loci
assessed (Table 3.31 p., 158-9). The isolates formed six distinct clusters with fixed
differences between them at over 50% 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 O to
49.7% of the loci. Clinical isolate 15A differed from this cluster at 59.8% of loci. These
two clusters differed from the four others at 74.8% of loci. The C. dubliniensis type strain
differed from the C. parapsilosis type strain at 55% of loci and from clinical isolates 42C
and 42E at 65% of loci. The latter two clinical isolates differed from each other at 62% 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

Isolate Code Sex HIV status Site of Isolation Candidiasis Antifungal Resistance Patient’s Therapy Other Notes
38A.1 M [ Oral Rinse %
42D.1,4 M + Oral Rinse %
ATCC 90028 Blood, lowa systemic C. albicans reference strain
41A2t06 M + Oral Rinse i
CBS 562 skin (interdigital mycosis), C. albicans type strain
Uruguay
16A.110 6 M + ? 2
22B.110 6 M + Oral Rinse + Fluconazole 100mg/day Fluconazole resistant candidiasis, Germ tube positive, FCZ
Fluconazole trial resistance required
22A.1, 4 M + Oral Rinse ?
22D .1 M + Oral Swab Floor of Mouth + Fluconazole resistant candidiasis, Germ tube positive, FCZ
resistance required
42A1t06 M + Oral Rinse ? not previously
treated
42B.1t06 M + Tongue Swab ? not previously
treated
9C.11t06 M + Swab Palate/Throat ? Fluconazole Fluconazole Low CD4+ count
9E.1to6 M + Pharynx Swab Oesophageal? Fluconazole sensitivity to fluconazole requested
9F. 110 6 M + Oral Rinse Oesophageal? Fluconazole sensitivity to fluconazole requested
9G.1106 M + Oral Swab ? sensitivity to fluconazole requested
11A1to 6 M + Oral Rinse +
9D.1to 6 M + Oral Rinse ?
9l.1to 6 M + ? ?
12A1t0 6 M + Mouth Swab ?
29A5 M + Oral Rinse ?
29B.1, 2 M + Oral Rinse ?
ATCC 90029 blood, lowa systemic C. albicans reference strain
18A.1, 3-6 M Mouth Swab ?
12716 M Oral Swab + Fluconazole, moderate 5- Mixed infection with C. krusei, resistant to fluconazole, Itraconazole
flurocytosine and 5-flurocytosine. Reidentified as C. dubliniensis
39C2106 M + Oral Rinse ?
42D.2,3,5,.6 M + Oral Rinse ?
15A.1t0 6 M + ? ?
42C.1 to 6 M + Oral Rinse ?
42E.1to 6 M + Oral Rinse ?
CBS 7987 + oral cavity, Ireland C. dubliniensis type strain
CBS 604 case of sprug, Puerto Rico C. parapsilosis type strain

Annotation as in Tables 3.2 and 3.4 (p., 70 and 78).
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Table 3.30b; Details of the fifty-seven reference and clinical samples analysed in study 7 using allozyme electrophoresis

Isolate Code Sex HIV status Site of Isolation Candidiasis Antifungal Resistance _ Patient’s Therapy Other Notes
4A1to 6 M ? Oral Rinse i
8A.11t06 M + Oral Rinse +
8B.1, 4-6 M + Oral Rinse +
8C.1t06 M + Oral Rinse ?
9A.11t06 M + ? +
9B.2t0 6 M + Oral Rinse ?
9H.1to 6 M + Oral Rinse ? sensitivity to fluconazole requested
9J.1,3-6 M + ? ?
10A.1t06 M + ? +
13A. 1106 M + Mouth Swab ?
14A. 1106 M + Oral Swab +
22C.1t06 M + Oral Swab Hard Palate + Fluconazole resistant candidiasis, Germ tube positive, FCZ
resistance required
22E1to6 M + Oral Rinse + Resistance to fluconazole, ketoconazole and amphotericin B
requested
22F1to 6 M + Retromolar swab Psedomembranous Resistance to amphotericin B requested
candidiasis
22G.1t0 6 M + Hard Palate Swab Pseudomembranous Resistance to amphotericin B requested
candidiasis on hard
palate
22H.1106 M + Oral Rinse Pseudomembranous Resistance to amphotericin B requested
candidiasis on hard
palate
2211106 M + Oral Rinse ?
22J.1-4, 6 M + ?
35A.1106 M + Buccal Mucosal Swab ?
35B.1t0 6 M + Oral Swab 2
35C.1t06 M + Oral Rinse ?
36A. 1106 M + Oral Rinse ?
39A.1t06 M + Oral Rinse ?
39B.1-4, 6 M + Oral Rinse ?
39D.1to 6 M + Oral Rinse + Fluconazole Chemotherapy for lymphoma, fluconazole and miconazole
sensitivities requested
39E.1t0 6 M + Oral Swab + Fluconazole Chemotherapy for lymphoma, fluconazole and miconazole

sensitivities requested

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 HKI1 HK2 NDPK NP PepA PepB PGAM PGM PK
38A.1 e c d e b c c b a c b d b e c d
42D.1,4 d C d e b c b b a c a d b f c d
ATCC 90028 e c d e b c a c a - - d b f - d
41A2t06 e (e d e b c a (] b c b d b i c d
CBS 562 e c d e b c a c a c b d a i ¢ d
16A.1to 6 d c d e b c a c a c - - b k - d
22B.1to 6 e c d e - c b c a c - d b j c e
22A.1,4 e c d e - c b c a c b d b k c e
22D.1 e c d e b bc b c a [ b d b fk c e
42A.1t06 e [ d e b c b b c c a d b i [ d
42B.1to 6 e (& d e b c b c b C a d d i c d
9C.1t06 c c d e - c a c d c b d b i c -
9E.1t0 6 c (3 d e - c a c d c - d b - c e
9F.1to 6 c c d e - c a c d c d b - - e
9G.1to 6 c - d e - ¢ a o d c - d b - g
11A1to6 (o c d e B c a c d (e b d b d - b
9D.1to 6 c c b e - c a c d c - d b - c -
9L.1to6 c c d e - c d c d (S d b i c e
12A.1to 6 (& c d e - c [¢ c d c E d c k b c
29A.5 c c d e - c b b a c d a c c d
29B.1,2 c b d e - c a b a c - d - c c d
ATCC 90029 [ b d € - c a c a c - e - f c e
18A.1, 3-6 e c - e b c a d a c [ d b f e e
12716 [S c d e b b b c a d c e b f be d
39C.2t06 e b d d b c c c b ¢ b d b g c d
42D.2,3,5.6 e d d f - b c c d € a d - k [ d
15A.1t0 6 2 b [ e b b [ c e c b b b - - e
42C.1 to 6 e C a d a b a b a a a b b i a b
42E.1 to 6 d [ b d - a b 5 d a b - - ¢ a b
CBS 7987 c a b [ b b c a a - a d i -
CBS 604 € a d ab c b b a d ab b - b h c f

Annotation as in Tables 3.3 and 3.5 (p., 71 and 79).
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Table 3.31b; Allelic profiles for fifty-seven isolates of Candida analysed in study 7 as

determined froman allozyme electrophoresis analysis using sixteen loci

Enzyme Locus
Isolate Code ALD ENOL EST FUM GDH G6PD GPI HKI HK2 NDPK NP PepA PepB PGAM PGM PK
4A1t06 e b d € a cd a d € c b d b i - c
8A.1to6 b b d e a bc a c a (& f c be k c f
8B.1, 4-6 e b a e a bc a c a ac - c be k - c
8C.1t06 a c ad c a be a c a ac - c be k [¢ f
9A.1to 6 e c d e - c a c a ac d b c - d
9B.2to 6 ce c d e - c a [ d c d b - c d
9H.1to 6 c - d e - (¢ a c a (S - d be - (S g
9].1, 3-6 e c d e b bc c c a c b d b f c d
10A.1to 6 e c d e b be c c a c b d b - e d
13A.1to 6 c d a g b b d a e - d f b k b ac
14A.1t0 6 ce ' d e c b e c d c b d b cf b b
22C.1t06 e (5 d e b bc b c a c b d b fk c e
22E.1to 6 ce € d e b c c c a c b d b fk c eg
22F.1to 6 e c d e b c e c a c b d b fl c -
22G.1t0 6 e c d e b c c c a c b d b fi d -
22H.1to 6 e c d e b bc b c a c b d b h d e
2211t0 6 S (€ d € b be b c a (& b d b h d e
22].1-4,6 c c d e - be b b a (& - d b c c d
35A.1t06 e c d e b ab a b a c b d b a c d
35B.1to6 e c d e b ab a b a c b d b a c d
35C.1to6 e c d e b ab a b d c b d b f c d
36A.1to 6 e (& d e b ab a b a c b d b e c d
39A1t06 e c d e bc bc a c b c b d b h c d
39B.1-4, 6 e c d e b bc a c b c b d b e c d
39D.1to 6 e c d [ b be a c b c b d b e c d
39E.1 to 6 e c d e b bc a [ b c b d b e C d

Annotation as in Tables 3.3, 3.5 and 3.8 (p., 71, 79 and 86).
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Figure 3.13; Phenogram depicting the genetic relationships between
thirty-one isolates of Candida used in Study 7, as determined from an
allozyme electrophoresis analysis using sixteen loci.
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Table 3.32; Matrix of the percentages of fixed genetic difference between isolates from 4 individual

patients in study 7
Isolate | 9C | 9D | 9E | 9F | 9G | 91 | 22A | 22B | 22D | 29A | 29B | 42A | 42B | 42C | 42D | 42D’
9D 8

9E 0 8

9F 0 9 0

9G 0 10 9 9

91 8 17 8 8 18

22A 29 33 23 | 25 36 | 29

22B 31 33 23 | 25 36 | 29 7

22D 29 33 23 | 25 36 | 29 0 7

29A 36 42 38 | 42 | 45 | 43 33 36 33

29B 33 36 33 | 36 | 30 | 46 46 46 46 15

42A 36 | 42 | 38 | 42 | 45 | 36 33 29 31 33 38

428 36 42 38 | 42 | 45 36 33 29 31 40 46 19

42C 71 75 77 | 75 82 | 79 73 71 69 80 77 63 75

42D 54 55 50 | 55 | 50 | 54 50 54 43 64 62 50 43 79

42D’ 43 42 38 | 42 | 45 | 43 33 29 25 27 31 19 31 69 57

42E 67 60 73 1 70 | 78 | 75 69 75 69 69 92 85 77 62 85 77

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, 15A, 42C and 42E, 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 12)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 8 to 18% 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 14™ of September 1995, D on the 26" of March, E and F on the 1 of July,
G on the 10™ of July 1996 and A and I on unknown dates. Isolates 9A, 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 22B at 7% 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

22A was taken on the 12™ of April 1995, B on the 28" of May and D on the 19™ 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 19" 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" of July 1996; F and G from lesions, H from an oral rinse.
Isolate T 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 3.1.2 and 3.1.3 (p., 74 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 at 15% 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 26™ of
April and the 28"™ 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 85% 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 57% 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 12" of May 1995 prior to any antifungal
treatment, C on the 9™ of August and D and E on the 14™ 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 14" 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 8

3.3.10.a Results

Isolates within study 8 (Table 3.33 p., 165-6) differed at O to 75% of the seventeen loci
scored (Table 3.34 p., 167-8). The isolates formed six distinct clusters having fixed genetic
differences at over 50% of loci (Figure 3.14 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 O to 45.4% 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 52.4% of loci and these two clusters differed from
the third and fourth at 71.4% of loci. These latter two clusters differed from each other at
56.5% of loci. The fifth and sixth cluster differed from each other at 59.8% of loci and from

the other clusters at 75% 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

Isolate Code Sex HIV status Site of Isolation Candidiasis Antifungal Resistance Patient’s Therapy Other Notes
ATCC 90028 Blood, lowa systemic C. albicans reference strain
ATCC 90029 blood, lowa systemic C. albicans reference strain
12716 M + Oral Swab + Fluconazole, moderate 5- Mixed infection with C. krusei; resistant to fluconazole, ltraconazole and 5-
flurocytosine flurocytosine. Reidentified as C. dubliniensis
17130 F + Oesophageal Biopsy + Fluconazole, Itraconazole Fluconazole
CBS 562 skin (interdigital mycosis), Uruguay C. albicans type strain
CBS 7987 + oral cavity, Ireland C. dubliniensis type strain
50A.1106 M + Oral Rinse ?
50B.1-3,5,6 M + Oral Rinse ?
50C.1106 M + Oral Rinse ?
52A.1106 M + Oral Rinse ? Colony 52A.6 Labelied 26A.6 on McCartney, 2 colony types - one very
adhesive
52B.1t0 6 M + Tongue Swab ? White lesions on tongue
45A. 1106 M + Swab from OHL on Tongue OHL
46B.2,3,5,6 M + Oral Rinse ?
52C.1to 6 M + Oral Rinse + candidiasis - dorsum of tongue.
44D.1to 6 M + Oral Rinse ?
46D.1to 6 M + Oral Rinse +
46F.1 to 4 M + Oral Rinse ? Amp-B sensitivity requested Trial completed
46G.1t06 M + Oral Swab ?
47A1106 M + Oral Rinse ?
32B.5 M + Oral Rinse ?
46C.1t0 6 M + Oral Rinse +
53C.1106 M + Oral Rinse ?
55B.1t0 6 M + Oral Rinse ?
57A.11t0 6 M + Tongue Scrape ?

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 8 using allozyme electrophoresis

Isolate Code Sex HIV status Site of Isolation  Candidiasis Antifungal Resistance Patient’s Therapy Other Notes
23A1,5 M + Oral Rinse +
23D.1-3,5,6 M + Oral Rinse ?
44G.1106 M + Oral Rinse ?
44H.1 M + Oral Rinse ?
31D.1t06 M + Oral Rinse ?
43A.1-3,5,6 M + Tongue Swab ? Fluconazole, dosage recently 43A.3-6 Growth on agar slopes very adhesive and
increased granular
43B.1,6 M + Oral Rinse ? Growth on agar slopes very adhesive
44E11t0 6 M + Oral Rinse ?
44F.1t0 6 M + Oral Rinse ?
48A.1106 M + Tongue Swab, OHL OHL OHL lateral side tongue
48B.110 6 M + Oral Rinse OHL OHL lateral side tongue
49A.1t0 6 M + Oral Rinse ?
51A.1t06 M + Oral Rinse ?
51B.1to 6 M + Oral Rinse ?
53A.1106 M + Oral Rinse ? 53A.1-6 growth on agar slopes very adhesive
53B.11t0 6 M + Oral Rinse ?
54B.11t0 6 M + Oral Rinse ?
54C.1t06 M + Oral Rinse ?
54D.1to0 6 M + Oral Rinse ?
54E.2t0 6 M + Oral Rinse ?
54F.1t0 6 M + Oral Rinse ? Amphotericin B trial
54G.1t05 M + Oral Rinse ?
55A1to 6 M + Oral Rinse ?
57B.1t0 6 M + Oral Rinse ?
57C.110 6 M + Oral Rinse ?

Annotation as in Tables 3.2, 3.4 and 3.7 (p., 70, 78 and 85).
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Table 3.34a; Allelic profiles of forty-nine isolates analysed in study 8 at seventeen enzyme loci

Enzyme Locus

Isolate Code

ALD

ENOL

EST

FUM

GDH

Q
&
T

D

H

HK2

NDPK

NP

PepA

PepB

PGAM

6PGD

PGM

<
=

ATCC 90028
ATCC 90029
12716
17130
CBS 562
CBS 7987
50A.1t06
50B.1-3, 5,6
50C.1to 6
52A.1to 6
52B.1to 6
45A.1t06
46B.2,3,5,6
52C.1to6
44D.1 10 6
46D.1to 6
46F.1t0 4
46G.1t0 6
47A.1t0 6

0O 00 0000000000000 a0

P

b

Le]

O 000000000001 6

b

d

T T = O T

o oo o

32B.5
46C.1to 6

(2]

(BN == B = = S R - S

ilor oo o PO T OO0 O

53C.1to6

LIS el

55B.1to 6
57A.1t06

oA AAAAARAAAAAAAARR. T T A fog

Ao oA AT 00 AR T e AR

Qaojojlo ol AR AA QO OQT OO D 0 0

ToTed o0 D e OO COCTLoTTT!

[N CH Rl E=WaN o T [ BN T = P = VR = Y o T o K = P ¢« JO o PR Y ¢ R ¢ N = P o N T = P Y = Y

PROTCT|ICT D QAT oTTTTO O’O’O“O’U’O’O’%

coolag|lacaco ! 00000 1 0o a R

O IToAm a0 00 1 OO0 0 00 1 000000

[ aiiul Ko 2N =y =W | =Vy =Py Py = Wy = Dy = Py = Py = Py = Ry =y = PR = Y = P = T = T = T = i = T = 4

[ L= =TT - I - I e o 2 - T - I - - B I B}

[=R= [=7 [T

polojlTToo o000 T OO 001 QA0 T A

Q == O[T 0 O T

(== K=o I}

c o0

Qoo e T o o ® 0 ¢ A A0 Do O A

Annotation as in Tables 3.3 and 3.5 (p., 71 and 79).

167



Table 3.34b; Allelic profiles of forty-nine isolates analysed in study 8 at seventeen enzyme loci

Enzyme Locus

Isolate Code ALD ENOL EST FUM GDH G6PD GPI H

HK2 __NDPK NP PepA  PepB _ PGAM ___6PGD____PGM
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Annotation as in Tables 3.3, 3.5 and 3.8 (p., 71, 79 and 86).
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Figure 3.14; Phenogram depicting the genetic relationships between

twenty-eight isolates of Candida used in Study 8, as determined
from an allozyme electrophoresis analysis using seventeen loci.
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Table 3.35; Matrix of the percentages of fixed genetic difference between isolates from 5 individual

patients in study 8

Isolate | 23A | 23D | 44D | 44G | 44H | 46B | 46C | 46D | 46F | 46G | 50A | 50B | 50C | 52A [ 52B
23D 42

44D 67 73

44G 58 47 87

44H 67 67 76 40

46B 60 75 50 75 64

46C 75 93 44 80 75 38

46D 58 73 24 87 76 36 25

46F 64 71 20 93 87 42 27 0

46G 64 92 50 85 79 50 54 36 42

50A 45 57 53 71 67 17 67 47 50 58

50B 67 67 36 92 79 33 62 36 33 36 33

50C 67 80 31 87 69 31 50 31 33 54 40 46

52A 67 80 44 80 63 38 56 44 47 54 40 38 13

52B 64 71 40 79 67 23 60 40 43 42 21 25 13 13

52C 67 91 50 91 67 22 42 33 36 44 50 36 42 50 36

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 32B 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 12716 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 42% 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. The patient had candidiasis when isolate A was collected on the 11™ of April 1995.
Isolate D was collected on the 7™ 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 87% of loci, with 44D being 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 14™ of June, G on
the 11" of September, and H was taken on the 9™ of October 1996. Isolates E and F, from
oral rinses on the 26" of June and the 7™ 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 alternate Candida species present when isolates G and H were

obtained.

The multiple isolates from patient 46 had fixed genetic differences at 0 to 54% 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. albicans. 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 D/F with amphotericin B
treatment. Isolate B was obtained on the 16™ of August, C on the 22" of November, D on
the 6™ of December 1995, F on the 21% of February and G on the 27™ of March 1996. The
same strain D/F persisted after resolution of the infection and was replaced by another strain
causing the lesion isolate G was taken from. Although strain D/F persisted, it did not cause

infection.

For patient 50, isolates A, B and C differed at 33 to 46% of loci. These isolates
represented different C. albicans strains. They were obtained from oral rinse samples taken
on the 25" of May, 29" of August and the 21% of November 1995, respectively. The

patient’s predominant colonizing strain varied between each sample collection time.

Similarly, isolates A, B and C from patient 52 had fixed genetic differences at 13 to 50%
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 25" of May and C on the 20" 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.

3.3.115tudy 9

3.3.11.a Results

Isolates within study 9 (Table 3.36, p., 174-5) differed from each other at 0 to 73.7% of
the fifteen loci analysed (Table 3.37 p., 176-7). They formed seven distinct clusters, which
differed from each other at more than 50% 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 O to 45.8% of loci. This cluster probably represents the members of
this species. They differed from the second cluster, containing isolate 63B, at 50.1% of loci.
Four clinical isolates fall into cluster 3, which differs from clusters 1 and 2 at 51.3% of loci
and has fixed differences within it at 22 to 38.5% of loci. Another four clinical isolates
form cluster 4, which differs at 54.2% of loci from the first three and has fixed differences
within it at 17 to 41% of loci. Cluster 5 contains two clinical isolates, which differ at 45%
of loci and from the other clusters at 61.1% of loci. The C. parapsilosis type strain forms
cluster 6 and the C. dubliniensis type strain forms cluster 7 which differ from clusters 1 to 5

at 70.1 and 73.7% of loci, respectively.

The genetic relationships between a sub-population of isolates within cluster 1 that
differed at less than 31.5% 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

Isolate Code Sex HIV status Site of Isolation Candidiasis Antifungal Resistance  Patient’'s Therapy Other Notes
541 M + Oral Rinse ? AmpB trial
59A M + Oral Rinse ? 59A.4 Growth on agar slopes very adhesive and granular
59B M + Tongue Swab Median Rhomboid
lesion
58C M + Oral Rinse ?
56B M + Oral Rinse carrier Post radiotherapy patient
60B M + Oral Rinse ?
54J M + Oral Rinse Oral AmpB trial
pseudomembranous
candidiasis
60C M + Tongue Swab ?
59C M + Palate Swab Erythematous
candidiasis hard
palate
2A M + Buccal mucosal swab + Was on Oropharyngeal and oesophageal Candida
ltraconazole trial
(placebo?), 14
days
Ketoconazole, now
fungilin lozenges
59| M + Oral Rinse ?
59D M + Oral Rinse +
61A M + Tongue Swab ?
60A M + Mouth Swab ?
59H M + Oral Rinse ?
588 M + Tongue Swab OHL CD4<200, OHL tongue and coated with white plaques. 58B.5-6
Growth on agar slopes very adhesive and granular
1E M + Palate Swab Oropharyngeal nil at present Sensitivities requested especially ketoconazole
candidiasis

60D M + Palate Swab ?
54H M + Oral Rinse ? AmpB trial
59G M + Oral Rinse ?
63G M + Oral Rinse ?
1A M + Tongue Swab OHL OHL Previous microscopy +ve for fungal elements but not cultured -

recultured
1C M + Oral Rinse +
37B M + Tongue Swab ?

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

Isolate Code Sex HIV status Site of Isolation Candidiasis Antifungal Resistance Patient's Therapy Other Notes

2B M + Oral Rinse + Was on Oropharyngeal and oesophageal Candida
ltraconazole trial
(placebo?), 14
days
Ketoconazole, now
fungal lozenges

5A M - Tongue swab ? Radiotherapy, Xerostomia Glossitis and coated tongue

CBS 562 skin (interdigital mycosis), C. albicans type strain
Uruguay

63l M + Oral Rinse ?

63J M + Oral Swab 2

63E M + Tongue Swab ?

63M M + Oral Rinse Pseudomembranous

Candidiasis
63N M + Oral Swab, lateral border of  pseudomembranous
tongue candidiasis, OHL
likelihood

63R M + Oral Swab Angular Chelitis

63C M + Oral Swab ?

63B M + Oral Rinse OHL and Candidiasis

7A M + Oral Rinse +

37C M + Oral Rinse ?

1B M + Oral Rinse +

27C M + Oral Rinse ?

B6A M ? Oral Rinse +

63S M + Oral Rinse ?

63Q M + Oral Rinse ?

63P M + Oral Rinse ?

63F M + Palate Swab ?

63H M + Oral Rinse ?
CBS 604 case of sprue, Puerto Rico C. parapsilosis type strain
CBS 7987 + oral cavity, Ireland C. dubliniensis type strain

1D M + Oral Rinse ?

3A M + Floor of Mouth Swab + Floor of Mouth. candidiasis

59E M + Oral Rinse ?

59F M + Palate Swab ?

Annotation as in Tables 3.2, 3.4 and 3.7 (p., 70, 78 and 85).
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Table 3.37a; Allelic profile of fifty-one isolates analysed in study 9 at fifteen enzyme loci

Enzyme Locus

ADH ALD ENOL  EST FDP FUM GDH G6PD GPI HKI HK2 PepA PepB PGAM PK

Isolate Code
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Annotation as in Tables 3.3 and 3.5 (p., 71 and 79).
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Table 3.37b; Allelic profile of fifty-one isolates analysed in study 9 at fifteen enzyme loci

Enzyme Locus

Isolate Code ADH ALD ENOL EST FDP FUM GDH G6PD GPI H
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Annotation as in Tables 3.3, 3.5 and 3.8 (p., 71, 79 and 86).
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Figure 3.15a; Phenogram depicting the genetic relationships between
forty-seven isolates of Candida used in Study 9, as determined from an
allozyme electrophoresis analysis using fifteen loci.
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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

Isolate | 63B | 63C | 63E | 63F | 63G | 63H | 631 | 63] | 63M | 63N | 63P | 63Q | 63R
63C 78

63E 56 30

63F 71 50 60

63G 38 44 36 60

63H 82 55 50 45 55

631 50 33 18 50 18 45

63] 43 29 22 33 22 45 11

63M 50 38 22 44 44 30 22 13

63N 43 25 40 30 40 45 30 30 13

63P 63 57 67 63 67 80 67 67 63 56

63Q 63 50 60 45 60 42 60 40 30 40 33

63R 56 33 27 40 50 50 40 22 20 22 56 45

63S 50 50 58 45 45 50 55 45 30 36 40 17 50

Isolate 1A 1B 1C
1B 60
1C 18 55
1E 36 40 18
Isolate 2A
2B 14
Isolate 37B
37C 50
Isolate 54H 541
541 40
54 20 18
Isolate 58B
58C 29
Isolate 59A 59B | 59D | 59G 59H
59B 25
59D 27 30
59G 46 55 27
59H 38 27 27 31
591 42 27 20 45 36
Isolate 60A 60B 60C
60B 17
60C 8 8
60D 18 8 17

Annotation as in Table 3.20 (p., 128).
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3.3.11.b Interpretation

Four of the forty-eight clinical isolates assessed were mixed or heterozygous. Thirty-
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. parapsilosis 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 60% 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 9™ of June
1995. Tsolate B was obtained on the 9" of June, C on the 9™ of November 1995 and E on
the 18" 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. albicans 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 1D, from an oral rinse obtained between isolates C and E, was mixed/ heterozygous.

For patient 2, isolates A and B differed at 14% 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 37B and C differed at 50% of the loci analysed, representing different 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 5™ 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 40% 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 6" of September, the 4" of
October and the 20™ 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. albicans strains

with a reduced susceptibility to the antifungal.

The two isolates (B and C) from patient 58 differed at 29% of loci, representing different
C. albicans strains. Isolate B was taken from a tongue swab on the 8™ of June and C was
from an oral rinse on the 4™ 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 55% of loci with
all isolates representing different C. albicans strains. Isolate A was collected on the 8™ of
June 1995, B, C and D on the 18" of January, G on the 14™ of February, H on the 13™ of
March and I on the 8" 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 591 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 the 25™ of January 1996, were mixed/heterozygous.

Isolates 60A, B, C and D differed at 8 to 18% of loci representing different C. albicans
strains. Isolate A was taken on the 9™ of June 1995, B, C and D were taken on the 21* 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 11 to 82% 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. Furthermore,
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.

e 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.

e Isolates B and C were collected on the 4™ of July, E, F and G on the 30" of
August, H on the 6™ of September, I and J on the 20™ of September, M on the 18"
of October, N and P on the 25™ of October, Q and R on the 15™ of November and
S on the 6™ of December 1995.

e 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).

e 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 591 was identical to lesion swab isolate 2A from patient 2. The same
strain being obtained from two different HIV-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 10

3.3.12.a Results

Isolates in study 10 (Table 3.39 p., 185-6) differed at O to 68.2% of the fourteen loci
assessed (Table 3.40 p., 187-8), forming seven clusters differing at over 50% 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 38.9% of loci, and
included only clinical isolates. The genetic relationships between isolates that differed at
less than 33% 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 50.1%, 51.4%, 52.2% and
65.4% of loci, respectively, each cluster containing a single clinical isolate. Cluster 5
contained the C. parapsilosis type strain. Clusters 6 and 7 differed from each other at 57%
of loci and from the other five clusters at 68.2% 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

Isolate Code Sex HIV status Site of Isolation Candidiasis Antifungal Resistance  Patient’s Therapy Other Notes

73A M + Oral Rinse ?

93B M + Oral Rinse ? sensitivity to amphotericin B requested

93C M + Oral Rinse ?

93D M + Left Swab Floor of Mouth Pseudomembranous sensitivity to amphotericin B requested

candidiasis?
93E M + Right Floor of Mouth Swab  Pseudomembranous sensitivity to amphotericin B requested
candidiasis?

95A M + Oral Rinse ?

65A M + Oral Rinse OHL

658 M + Oral Swab OHL

88K M + Oral Rinse ?

96A M + Cheek Swab ? Sensitivity to fluconazole requested

97E M + Oral Rinse ?

71A M + Oral Rinse ?

84G M + Oral Swab ? Sensitivity to fluconazole, itraconazole, ketoconazole and

amphotericin B requested

67A M + Oral Rinse ?

97D M + Oral Swab angle of mouth

66C M + ? ?

93A M + Tongue Swab + Pseudomembranous candidiasis, left tongue, lateral border,
sensitivity to amphotericin B requested

74A M + Oral Swab ?

82A M + Oral Rinse ?

75A M + Oral Rinse ?

77A M + Oral Swab ?

88D M + Oral Rinse + candidiasis, oral hairy leukoplakia

84E M + Oral Rinse ?

88J M + Swab Buccal mucosal Left ? Resistance to amphotericin B requested

76B M + Oral Rinse ?

88L M + Oral Rinse ?

89A M + Oral Rinse ?

Annotation as in Table 3.2 (p., 70).
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Table 3.39b; Details of the fifty reference and clinical samples analysed in study 10 using allozyme electrophoresis

Isolate Code Sex HIV status Site of Isolation Candidiasis Antifungal Resistance _Patient’s Therapy Other Notes
84F M + Oral Rinse ? Sensitivity to fluconazole, itraconazole, ketoconazole and
amphotericin B requested
92A M + Oral Rinse ?
90A M + Oral Rinse ?
CBS 804 case of sprue, Puerto Rico C. parapsilosis type strain
CBS 562 skin (interdigital mycosis), C. albicans type strain
Uruguay
CBS 7987 + oral cavity, Ireland C. dubliniensis type strain
68E M + Oral Rinse ? Amphotericin B Both cultures labelled 68E.1
topical therapy
68G M + Oral Rinse ?
68H M + ? ?
68l M + Oral Rinse ?
69A M + Oral Rinse ?
72A M + Oral Rinse ?
77B M + Oral Rinse ?
78A M + Oral Rinse ?
79A M + Swab - Floor of Mouth ?
81A M + Oral Rinse ? two 81A.2 and 81A.3, no 81A.1 or 81A.4 - relabelled
83A M + Oral Rinse ?
84D M + ? ? Fluconazole
94A M + Oral Rinse ?
95B M + ? ?
97A M + Oral Rinse ?
97B M + Oral Swab corners of mouth angular Chelitis
97C M + Oral Rinse ?

Annotation as in Tables 3.2, 3.4 and 3.7 (p., 70, 78 and 85).
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Table 3.40a; Allelic profiles of fifty isolates analysed in study 10 at fourteen enzyme loci

Enzyme Locus

ENOL EST FUM GDH G6PD GPI HK1 HK2 NDPK NP PepA PepB PK
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Annotation as in Tables 3.3 and 3.5 (p., 71 and 79).
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Table 3.40b; Allelic profiles of fifty isolates analysed in study 10 at fourteen enzyme loci

Enzyme Locus

Isolate Code ALD ENOL EST FUM GDH G6PD GPI HKI HK2 NDPK NP PepA PepB PK
84F d f f - b € d g 1 - - - [ -
92A d e c b - b - e f a b ¢ b a
S0A d e c ¢ b b G g g b b d c

CBS 604 c b d - b b c e f - - - c -
CBS 562 - e e a - c d f g - a c c
CBS 7987 b d a - a c - i h d - - [ [
63E d e S c b c c de f b b - b c
68G d e e c b - d e dg b b c b (5
68H cd e e c - be - g f b b c b c
681 d e e c b c cd g f b b c b (¢
69A d e - c b c d de f b - c - b
T2A d e e c - bc € e f b b c b (&
77B d e - c b c c d dg b d c c C
78A d ae b b b be a g d b ac be € -
79A d e - c b bc a g d b b c (o c
81A d e - € d bc d 3 e b - e b c
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97C d € e c - bc c 3 f - - - b c

Annotation as in Tables 3.3, 3.5 and 3.8 (p., 71, 79 and 86).

188



73A
93B
93C
93D
93E
95A
65A
65B
88K
96A
97E

84G
67A
97D
66C
93A
T4A
82A
T5A
T1A
88D
84E

88J

76B

88—
89A ———

84F

92A

90A =

C. parapsilosis CBS 604

C. albicans CBS 562

C. dubliniensis CBS 7987

| | | | | | | | | | |
0 10 20 30 40 50 60 70 80 90 100
% Fixed Differences

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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Table 3.41; Matrix of the percentage of fixed genetic difference between pairs of isolates from §

individual patients in study 10

Isolate | 65A | 65B | 84E | 84F | 84G | 88D | 887 | 88K | 88L | 93A | 93B | 93C | 93D | 93E | 97D
65B 0

84E 40 40

84F 63 57 56

84G 20 18 33 25

88D 33 33 36 25 18

88J 20 20 17 44 18 30

88K 0 0 31 56 15 33 17

88L 18 18 38 78 38 33 42 21

93A 18 18 31 56 23 33 17 14 36

93B 9 9 38 44 8 25 25 7 29 21

93C 10 10 33 44 8 25 18 8 31 15 0

93D 9 9 38 44 8 25 25 7 29 21 0 0

93E 9 9 38 44 8 25 25 7 29 21 0 0 0

97D 10 10 45 63 27 45 27 8 33 25 17 18 17 17

97E 0 0 36 50 17 40 18 0 25 17 8 9 8 8 9

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 isolate 71A in the
first cluster, which had been analysed in clinical studies 1 and 2 previously (Sections 3.3.3
and 3.3.4 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 the 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

undetermined Candida 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 65A and B were genetically identical C. albicans strains obtained from rinse and
lesions swabs during OHL. They also shared identity with isolates 88K (rinse), 96A (swab)
and 97E (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 13™ 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 56% 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.
Tsolate E was taken on the 26™ of June and F and G were taken on the 3™ 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* 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 42%
of loci. They represent different C. albicans 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 10™ of April 1996. Isolates J
and K were taken on the 26™ of June and isolate L was taken on the 24" 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 93A at 15 to
21% 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" of April, B on the 17"
of April, C, D and E on the 24™ of April 1996. Isolate 93A 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 73A and 95A. 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 9% of loci and represent different C. albicans strains.
Isolate D was from a swab of an angular chelitis lesion on the 26™ of June 1996. Isolate E

was taken from an oral rinse on the 24™ of July 1996. These isolates may represent a single
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strain with minor genetic variation. Isolates 97A, B and C were mixed/ heterozygous being
derived from an oral rinse on the 17" of June, an angular chelitis swabland another oral
rinse on the 19™ 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 78.6% of

the seventeen loci assessed (Table 3.43 p., 195), forming six distinct clusters with fixed
differences at equal to or more than 50% of loci (Figure 3.17 p., 196). The first cluster
contained the majority of isolates, with fixed differences between them at 0 to 49.9% of
loci. These isolates differed from cluster 2, which contained a single clinical isolate and the
C. dubliniensis type strain, at 60.8% of loci, and from cluster 3, the C. albicans type strain,
at 62.6% of loci. Cluster 4 contained the C. parapsilosis type strain, which differed at
75.7% of loci and clusters 5 and 6 differed from each other at 64% of loci and from the

other clusters at 78.6% of loci.
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Table 3.42; Details of the thirty reference and clinical samples analysed in study 11 using allozyme electrophoresis

isolate Code Sex HIV status Site of Isolation Candidiasis Antifungal Resistance Patient’s Therapy Other Notes
817 F - Undiluted saliva carrier
C6 M - Undiluted saliva carrier
C3 M - Undiluted saliva carrier
S11 F - Undiluted saliva carrier
S15 M - Undiluted saliva carrier
C15 M - Undiluted saliva carrier
S5 M - Undiluted saliva carrier
Cc12 M - Undiluted saliva carrier
S9 F - Undiluted saliva carrier
S13 M Undiluted saliva carrier
99A M + Oral Rinse ?
S2 M - Undiluted saliva carrier
S20 F - Undiluted saliva carrier
C1B.4, 6 M - Undiluted saliva carrier
100A M + Oral Rinse ?
CBS 7987 + oral cavity, lreland C. dubliniensis type strain
CBS 562 skin (interdigital mycosis), Uruguay C. albicans type strain
CBS 604 case of sprue, Puerto Rico C. parapsilosis type strain
S25 M - Undiluted saliva carrier
Ci6 M - Undiluted saliva carrier
98A M + Oral Rinse ? Candida species, Sensitivity to fluconazole requested
101A M + Oral Rinse ? Sensitivity to amphotericin B requested
1018 M + ? ?
S3 F - Undiluted saliva carrier
S4 F - Undiluted saliva carrier
S14 F - Undiluted saliva carrier
818 M - Undiluted saliva carrier
822 M - Undiluted saliva carrier
ciB M - Undiluted saliva carrier
C8 M - Undiluted saliva carrier

Annotation as in Tables 3.2, 3.4 and 3.7 (p., 70, 78 and 85).
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Table 3.43; Allelic profiles of thirty isolates analysed in study 11 at seventeen enzyme loci

Enzyme Locus

GPI

HK2 NDPK NP PepA PepB PGAM PGM PK

HK1

ENOL EST FDP FUM GDH G6PD
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Isolate Code
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S22
C1B
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Annotation as in Tables 3.3, 3.5 and 3.8 (p., 71, 79 and 86).
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Figure 3.17; Phenogram depicting the genetic relationships between twenty
isolates of Candida used in Study 11, 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 HIV-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. dubliniensis cluster, while two were genetically
unique and represent Candida species of undetermined identity. There was no segregation
of isolates from male versus female patients, or from infection versus asymptomatic
carriage, or from HIV-positive versus HIV-negative patients. As was suggested from earlier
data, there is no genetic subset of C. albicans organisms that appear to be responsible for

oral infection. This suggests that the infection by C. albicans is opportunistic.

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 Candida 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.

3.3.14General Results and 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 type 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 (221 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 (120 of 407). In addition to C. albicans the other species that were
identified in clinical samples included C. dubliniensis (the most predominant representing
20 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 allozyme electrophoresis studies

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 HIV-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 carriage.
Additionally, there is no evidence for genetic distinction between isolates obtained from

HIV-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.
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3.5 Phylogenetic analyses using 18S ribosomal 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 al. 1991, Barns et al. 1991). 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.
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3.5.2 Phylogenetic evaluation using the complete 18S rRNA sequence

The aims were;

o to sequence the entire 185 rRNA gene for the C. albicans type
strain, CBS 562 and compare this sequence with other relevant
sequences already published on Genbank; and

e 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 AF114470) then compared with other relevant

Genbank sequences (Table 3.45 p., 202).

3.5.2b  Results
The sequence obtained for the C. albicans type strain CBS 562 (AF114470 Table 3.46 p.,

203) aligned with 100% 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 100%
(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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Table 3.45; Details of the sequences used for an 18S rRNA gene alignment

Species Sequence® Genbank accession number | Strain”

C. kefyr CkeM60303 | M60303 ATCC 4135
T. glabrata TgM60311 M60311 ATCC 2001
C. viswanathii CvM60309 M60309 ATCC 22981
C. guilliermondii | CgM60304 M60304 ATCC 6260
C. parapsilosis CpM60307 M60307 ATCC 22019
C. tropicalis CtM60308 M60308 ATCC 750

C. krusei CkrM60305 | M60305 ATCC 6258
C. krusei CkrM55528 | M55528 MUCL 28949
C. lusitaniae CIM55526 M55526 MUCL 29855
C. lusitaniae CIM60306 M60306 ATCC 42720
C. albicans CaM60302 M60302 ATCC 18804
C. albicans CaAJ005123 | AJOO5123 Clinical®

C. albicans® CaAF114470 | AF114470 CBS 562

C. dubliniensis CdX99399 X99399 CD 36

C. tropicalis CtM55527 M55527 MUCL 30002
D. hansenii DhX62649 X62649 NRRL Y-7426
D. hansenii DhX58053 X58053 MUCL 28926
S. cerevisiae ScVvV01335 V01335 7

S. cerevisiae ScJ01353 JO1353 ?

C. glabrata CgX51831 X51831 CBS 138

K. marxianus KmX89522 X89522 CBS 5671

K. marxianus KmX89524 X89524 NCYC 970
K. marxianus KmX89523 X89523 CBS 712

Cr. neoformans CnL05428 1.05428 ATCC 24067
F. neoformans FnX60183 X60183 MUCL 30453
Cr. neoformans CnL05427 L.05427 ATCC 24065
Cr. neoformans CnM55625 M55625 ?

T. beigelii TcX60182 X60182 MUCL 30308

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.

¢; 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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Table 3.46; Complete 18S rRNA sequence for the C. albicans type strain CBS562
(Genbank accession number AF114470)

Ca CBS5B2  mmmm e e e e TCAGTTA®
TCGTTTATTCATAGTACCTT-ACTACTTGG-ATAACCGTGGTAATTCTAGAGCTARTACA
TECTTAAXATC CCGACTCTTTCGARGGGATGTATTTAT TAGATARRAAATCARTGCCTTC
- —GGGCTCTTIGATGATTCATAATAACTTITTCEGAATCGCATEGECTTGTEGCTGGCGATGG
TTCATTCARAT T TCTGCCCTATCARC T T TCGATEGTAGCATAGTGECOTACCATEETTTC
AACCGGETAACGEEGAATAAGEETTCEATTCCCCAGAGGGAGCCTEAGAMACEGCTACCAC
ATCCAAGGRAGGCAGCAGGCGCECAARTTACCCARTCCCGACACGEGRAGGTAGTGACAR
TAAATAACGATACAGGGCCCTTTTGEETCTTCTAATTCGAATCAGTACAATCTARATACT
TTAACGACGAACARTTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGETARATTCCAGCTCCE
AARGCGTATATTAAAGTTGTIGCAGTTAARRAGCTCCTAGT TEARCCTITGEGCTTGG-CT
GECEGETCCATCITTTTG-ATGCGTACTGGAC - - CCAGCCGAGCCTTTECTTCTEGGTAG
COATT-—--———=————————~ TA- TGGCGARCCAGGACTTTTACTTTGAAARRATTAGH
GTGTTCARAGCAGGCC-TTTGCTCEGAATATATTAGCATGCAATAATAGAATAGGACGTTA
TGETTCTATTTIGTTGETTTC TAGGACCATCGTAATGATTAATAGGGAC -GETCEGGEET
ATCAGTATTCAGTTGTCAGAGGTGAAATTCTTGGATTTACTGAAGACTAACTACTGCGAA
AGCATTTACCAAGGACGTTTTCATTAATCARGARCGAAAGTTAGCGGATCGAAGATGATC
AGATACCGTCGTAGTCTTAACCATARACTATGCCGACTAGGGATCGETTGTTETTCTTTT
ATT-GACGCAATCGGCACCTTACGAGAAATCAAAGTCTTTGGGTTCTGGGGGGAGTATGG
TCGCAAGGCTGAAACTTAAAGGAATTGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGG
CTTAATTTGACTCAACACGGGGARACTCACCAGETCCAGACACAATAAGCATTGACAGAT
TGAGAGCTCITTCTIGATT TTGTGEETGGTGETGCATEECCGTT-CTTAGTTGGTGCAGT
GATTTGTCTGCTTAATTGCGATAACGAACGAGACCT TAACCTACTARATAGTGCTGCTAG
CATT-TGETGETATAGTCACTPCTTAGAGGGACTATCGACTTCAAGTCGATGEARCTTTG
AGGCAATAACAGETCTGTGATGCCCTTAGA ~-CETTCTGEECCECACECETEETACACTGA
CGGAGCCAGCCAGTATAA - -GCCTTGGCCEAGAGGTCTGEGARATCTTGTGARACTCCET
CGTGCTCGEGGATACAGCATTG TAAT TG T TGCTCTTCARCGAGGAATTCCTAGTARGTEGCA
AGTCATCAGCTTECETTEATTACCTCCCTEECCTTTGTACACACCECCCETCECTACTAC
CEATTCAARTGECTTAGTGAGGCCTCCGEATTGETTTAGGAAAGGGGGCAALTNCATTCTG
GAACCCAGAAGCTGGTCARACTTGETCATTTAGAGGAA—————————————————————

® Highlighted nucleotides indicate regions of homology between all aligned fungal 18S rRNA genes
presented in Appendix 3 (Table 17).
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Figure 3.18a; Unrooted consensus tree of the phylogenetic relationships between
medically relevant Candida 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
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Figure 3.18b; Bootstrap values obtained by maximum likelihood analyses of five-

hundred trees for branches in Figure 3.18a (p., 204).

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. lusitaniae 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.
Within 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 Identification of a 490-bp species-diagnostic sequence

3.53.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 al. 1995, James et al. 1997, Mozina ef al. 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;
e fo assess the utility of a 490bp segment of the 18§ 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., 201).

3.5.3.c Results

A Clustal X alignment of the sequences is presented in Table 3.48a-j (p., 210-19). 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. neoformans
were not distinguished into separate lineages (Figure 3.19a 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., 201). 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. 1997). The current analyses suggest that D.
hansenii is more closely related to C. guilliermondii than to C. famata. TFollowing the
allozyme electrophoretic analysis, clinical isolate 14130 was reidentified as 7. beigelii using
traditional characters. Partial 18S rRNA sequence comparisons of 14130 and the 7. beigelii

reference strain provided support for this identity.
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Table 3.47; Isolates and Genbank sequences used for partial 18S rRNA analysis

Species " Strain Genbank accession number / Sequence code "
C. albicans ATCC 18804 M60302 (Barns) / CaM60302
C. albicans Clinical AJ005123 (Kerkmann,M.L.) / CaAJ005123
C. kefyr ATCC 4235 M60303 (Barns) / CkeM60303
C. dubliniensis CD 36 X99399 (Sullivan,D.J.) / CdX99399
C. viswanathii ATCC 22981 M60309 (Barns) / CvM60309

S. cerevisiae
S. cerevisiae

baker’s yeast

ATCC 6260

V01335 (Mankin,A.S.) / ScV01335
J01353 M27607 (Rubtsov,P.M.) / ScJ01353

C. guilliermondii M60304 (Barns) / CgM60304
C. parapsilosis ATCC 22019 M60307 (Barns) / CpM60307
Cr. neoformans ATCC 24067 105428 (Fan,M.) / CnL05428
Cr. neoformans var. gattii ATCC 24065 L05427 (Fan,M.) / CnL05427
F. neoformans var. neoformans | MUCL 30453 X60183 (De Wachter,R.) (Van de Peer,Y.) /
(teleomorph) FnX60183
Cr. neoformans - M55625 (Sogin,M.L.) / CnM55625
C. glabrata CBS 138 X51831 (Clark-Walker,G.D.) (Wong,0.C.) /
CgX51831
T. glabrata ATCC 2001 M60311 (Barns) / TgM60311
C. lusitaniae MUCL 29855) M55526 (Hendriks,L.) / CIM55526
C. lusitaniae ATCC 42720 M60306 (Barns) / CIM60306
C. tropicalis MUCL 30002 M55527 (Hendriks) / CtM55527
C. tropicalis ATCC 750 M60308 (Barns) / CtM60308
C krusei ATCC 6258 M60305 (Barns) / CkrM60305
C krusei MUCL 29849 M55528 (Hendriks) / CkrM55528
T. beigelii (anamorph) MUCL 30308 X60182 (De Wachter,R.), (Van de Peer,Y.) /
TcX60182
D. hansenii (teleomorph) NRRL Y-7426 | X62649 (McNally,K.L), (Govind,N.S.), (Medlin,L.)
/ DhX62649
D. hansenii (teleomorph) MUCL 29826 X58053 (Wachter,R), (Hendriks) / DhX58053
K. marxianus (teleomorph) 5671 X89522 (Cai, I.) / KmX89522
K. marxianus (teleomorph) NCYC 970 X89524 (Cai, J.) / KmX89524
K. marxianus (teleomorph) strain 712 X89523 (Cai, J.) / KmX89523
C. albicans CBS 562 CalbCBS562
C. dubliniensis CBS 7987 CdubCBS7987
C. famata CBS 940 CfamCBS940
C. haemulonii CBS 5149 ChaemCBS5149
C. kefyr CBS 834 CkefyrCBS834
C. lusitaniae CBS 6936 ClusCBS6936
Cr. neoformans var. CBS 132 CneoneoCBS132
neoformans
Cr. neoformans var. gattii CBS 6289 Cneog6289
C. parapsilosis CBS 604 Cpara604
C. tropicalis CBS 94 CtropCBS94
C. viswanathii CBS 4024 CvisCBS4024
S. cerevisiae ATCC 2601 ScerATCC2601
21A3° 21A.3
27A.3-4 27A.3-4
34B.1 34B.1
40F.1 40F.1
29A.1-6 29A.1-6
40E.1 40E.1
34A.4 34A4
34A.6 34A.6
14130 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.
¢; 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 AGCAGCCGCG-GTAATTCCAGCTCC -AAGAGCGTATATTAAAGTTGTTGCAGTTAAAARGOTCGTAGT TGAACCTTGGAGGCGCC-GTECEGTCE -GCTT - - - ~AGGCGAGCACTG
C1M60306 AGCAGCCGCG-GNNATTCCAGCTCC-AAGAGCGTATATTAAAGT TCTTGCAGTTARAAAAGCTCCTAGTTERACCTITERAGGCGC - -GTHCEGGTE -GCTT - - - -AGGCGAGCACCT
ClusCBS6936 =—==--- CCGCG--TAATTCCAGCTCC- AAGAGCGTATATTAAAGTTGTTGCAGT TARARAGLTOGIAGT TGAACCT TGRAGGCGCC -GTHCCGGTOCGCTT - - -~ AGGCGAGCACTG
ChaemCBS5149 ---A-CCGCG-NTAATTCCAGCTCC-AAGAGCGTATATTAAAGTTGTTGCAGTTAAARAGUTCGTAGTTEAALCT TEEGEGCAC-TGCLRECLEETECGCCEC - - AAGGCGAGCACTG
21A.3  e—=ee GCGCG-GTAATTCCAGCTCCCAAAAGCGTATATTARAGTTGTTGCAGT TARAAAGL PCETAGT TEAACCT TEEECTTGEC- TRECOGRTCCATCTTTTT-GATGCGTACTG
27A.3-4 ----AGCGCG-GTAATTCCAGCTCCCAAAAGCGTATATTAAAGT TGTTGCAGT TAAARAACT TCETAGTTGAACCTTGEGECTTGGC-TEECUGETCCATCTTTTT-GATGCGTACTG
Cpara604 ~---AGCGCG-GTAATTCCAGCTCCCAAAAGCGTATATTAAAGT TGTTGCAGT TAARAAGL TCETAGT TEAACCTTGEGCTTGEC -TEECLGETECATCTTTTTTCATGCGTACTE
34B.1 ---~AGCGCG-GTAATTCCAGCTCC-AAAAGCGTATATTAAAGTTGTTGCAGT TAAAAAGE TCETAGTTEARICT TEEGCTTRGC - TGECCECTCCATC TTTTT -GATGCGTACTG
40F.1 ----AGCGCG-GTAATTCCAGCTCC-AAAAGCGTATATTAAAGTTGTTGCAGT TAAAAAGETCOTAGT TCARCCT TEEGCTTGGC-TGECOBETCCATCTTTTT-GATGCGTACTG
29A.1-6  ——=== CCGCG-GTAATTCCAGCTCC-AAAAGCGTATATTAAAGTTGTTGCAGT TARARAGETCGTAGT TRAACCTTCEGCTTEEC-TGHECLGETOCATCT I TT T -GATECGTACTS
40E.1  mmee- AAGCGTGTAATTCCAGCTCC-AAAAGCGTATATTAAAGTTCTTGCAGTTAAARAGCICGTAGT TEAAUCTTEEGCTTERC -TERECCUETECATCTTTTT-GATECGTACTG
CdubCBS7987  =m=emm-- CCGGTTAATTCCAGCTCC-AARAAGCGTATATTAAAGTTGTTGCAGTTAAAAAGETCGTAGTTGARNCTTGEGCTTGEC-TCRCOGETOCATCTTTTT-GATGCGTACTE
CalbCBS562 AGCAGCCGCG-GTAATTCCAGCTCC-AAAAGCGTATATTAAAGTTGT TGCAGTTAAAAAGCICGTAGT TEAACCTTEEGCTTGEC - TEECCEETECATCTTTTT -GATCGCGTACTG
Cdx99399 AGCAGCCGCG-GTAATTCCAGCTCC-AAAAGCGTATATTAAAGT TGTTGCAGTTARAAAGCTCGTAGT TEAANCT TERECTTEEC-TCECAGETICATCTITTT-GATGCCTA-TG
CaM60302 AGCAGCCGCG-GTAATTCCAGCTCC-AAAAGCGTATATTAAAGTTGTTGCAGTTARAAAGIICGTAL T TEANCCTTEECCTTEEC-TGRECCEETCCATCTTTTT-GATGCGTACTE
CaAJ005123 AGCAGCCGCG-GTAATTCCAGCTCC-AAAAGCGTATATTAAAGTTGTTGCAGT TARAAAGCTCG TAGT TEAALCTTGRGCTTEEC - TEECCEETECATCTTTTT-GATGCGTACTS
CpM60307 AGCAGCCGCG-GNAATTCCAGCTCC-AAAAGCGTATATTAAAGTTGTTGCAGTTARAAAGCTCGTAST TEARC CTTGEGCTTGECTTGECOGETUCATCTTTTTTGATGCGTACTG
CtM60308 AGCAGCCGCG-GNAATTCCAGCTCC-AAAAGCCTATATTAAAGT TGTTGCAGT TAARAAGETOGTAGT TEAACCT TGEGCTTGE - TTGECEBETCCATCTTTCT -GATGCGTACTG
CtM55527 AGCAGCCGCG-GTAATTCCAGCTCC-AAAAGCGTATATTAAAGTTGTTGCAGT TAAAAAGLTCGTAGT TGAAL CETCEGCTTCE-TTEGECTEHGTCCATCTTTCT-GATGCGTACTG
CVM60309  mmmmmmmmmemmeem ATTCCAGCTCC-AAAAGCGTATATTARAGTTCTTGCACTTAAARAGCTCCTAGT TEARCCTTGRECTTEG -TTGECEBETECATCTTTTTGGATGCGTACTG
34A.4 ---AGCCGCG-GTAATTCCAGCTCC-AARAGCETATAT TAAACT TG T TGCAGTTAMAAAGCTCGTAGTTEAAL CTTGEGC TTGE - TTERCLAETECATCTTTCT-GATGCGTACTG
34A.6 ---AGC-GCG-GTAATTCCAGCTCC-AAAAGCGTATATTAAAGT TGTTGCAGTTAAAAAGCTCGTAGT TEAACCTTGEGC TTGG - TTGRCOUGTECATCTTTCT-GATGCGTACTG
CtropCBS94 ---A-CCGCG-GTAATTCCAGCTCC-ARAAGCETATAT TAAAGT TG TTGCAGTTAARAAGITCGTAGT TGAACCT TEHECOTTGG - TTGECOGETECATTTTTCT-GATGCGTACTG
CvisCBS4024  ——-—- CCGCG-GTAATTCCAGCTCC - AAAAGCGTATATTAAAGTTGTTGCAGTTAARAAGCTCETAGT TEAAC C P TGEGCTTGG - TTEECOGCTECATCT TTTTGGATGCGTACTG
cfamCBsS940 0 ————- CCGCG-GTAATTCCAGCTCC-AAAAGCGTATATTAAAGTTGTTGCACTTAAAAAGETCGTAGT TGAACCTTGEGC TTGG - TTAGCLGETOCACCTTTTT-GCTGTGTACTG
CgM60304  mmmmmmmmmeeeo AATTCCAGCTCC-AATAGCGTATATTARAGTTGT TECAGTTAAAAAGE AGTTEARCTTTGEGCTTCG - TTEECCGETLCGCCTTTTT-GGCGAGTACTG
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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 AGCAGC-CGCGGTAATTCCAGCTCC - AATAGCGTATAT TAAAGTTGTTGCAGT TARAAABETEGTAG T TEAACCT TGEECTTEE - TTCECEACTECCCCTTTTT-CECEAGTACTG
DhX62649 AGCAGC-CGCGETAATTCCAGCTCC-AATAGCGTATATTARAGTTGT TGCAGT TAARARGETCATAGT TGARCCTTGEGCTTGG - TTGHCCGGETCCECCTTTTT -GGCGAGTACTG
CkefyrCBS834  —=—=——u GCG-GTAATTCCAGCTCC-AGTAGCGTATATTAAAGT TG T TGCAGT TAAAAAGC TECTAGT TOAAC T T TCEGTCTGE-TTGECCECTECGATTTTAT-CTCCCECACTS
KmX89522 AGCAGCCGCG-GTAATTCCAGCTCC - AGTAGCGTATATTARAGTTGTTGCAGTTAARAAGCTCETAGT TGAAL TTTCECTCTCE - TTGACCHGTCCGATTTTAT -GTCGCGCACTG
CkeM60303 AGCAGCCGCG-NNNATTCCAGCTCC- AGTAGCGTATATTAAAGT TGTTCCAGT TARAAAGCTCATAGTTERAAC TTTCEETCTGG - TTEGCEGETUCGATTTTAT -GTCGCECACTS
Kmx89524 AGCAGCCGCG-GTAATTCCAGCTCC -AGTAGCGTATATTAARGTTATTGCAGTTAAAAAGCTCATAGT TEAAC TITEECTC TEG- TTGHCEGETACGATTTTAT-GTCGCGCACTS
Kmx89523 AGCAGCCGCG-GTAATTCCAGCTCC - AGTAGCGTATATTARAGTTGT TGCAGTTAAAAAGCTCETAGT TGAAC TTTGECTCTEG - TTGECCEGTCCEATTTTAT -GTCGCGCACTE
Scv01335 AGCAGCCGCG-GTAATTCCAGCTCC-AATAGCGTATATTAAAGT TGTTGCAGTTAAAAAGC TG TAGT TEAACTT TGEECCCGE-TTGECCGETCCGATTTTTT - - -CGTGTACTG
ScJ01353 AGCAGCCGCG-GTAATTCCAGCTCC - AATAGCGTATATTAAAGT TGT TGCAGT TAARARGETCGTAST TEAAL TITGEGCCCEG-TTGHCCUGTCCEATTTTTT - - ~COTCTACTS
ScerATCC2601 ==--= CCGCG-GTAATTCCAGCTCC-AATAGCGTATATTAAAGT TGTTGCAGT TAARAAGCTCGTAGT TEAAL TTTEEGECTCEG-TTGECEEGTCCGATTTTTT - —- CGTETACTG
Cgx51831 AGCAGCCGCG-ATAATTCCAGCTCC-AATAGCGTATATTAAAGT TGTTGCAGT TAARAAGCTOGTAGT TEAAL TT TCEGCCTRE-GTASCLEGTUCGATTTTTT - - -CETGTACTE
TgM60311 AGCAGCCGCG-NNAATTCCAGCTCC-AAAAGCGTATATTAAAGTTGTTGCAGTTAAAAAGE TCOTAGT TEAACTI TTGGCCTEG-GTGACOGETCCGATTTTTT - --CETGTACTG
CkrM60305 AGCAGCCGCG-GNAATTCCAGCTCC-AATAGCGTATATTAAAGTTGTTGCAGTTAARN AT TCATAGT TEAAC TTTGEGCCTGE - GCGHACGGETCTACCTAT - - ~-GGTAAGCACTG
CkrM55528 AGCAGCCGCG-GTAATTCCAGCTCC-AATAGCGTATATTAAAGTTGTTGCAGTTARAAAGCTOGTAGT TEAAC TITGEGCCTEG-GCCEACGETETACCTAT - - ~GGTARGCACTE
Cnorv6564 =me-- CCGCG-GTAATTCCAGCTCC-AATAGCGTATATTAAAGTTGT TGCAGT TAARAAGCTCGTAGT TEAAC TTTGEGCCCGE-GCGHGUGETUTACCTAT - - ~-GGTAAGCACTG
CneocneoCBS132 ———————————n TAATTCCAGCTCC-AGTAGCGTATATTAAAGTTGTTGCAGT TAARAAGCTCGTAGT CEARL TTCAGGTCTGE-COAGGUEGTECTCCTC - - ACGGAGTGCACTS
Cneog6289  m—mmm——ee CGTGTATTCCAGCTCC-AGTAGCGTATATTAAAGTTGTTGCAGT TAAAAAGCTCATAGT CRAAL TTCAGETCTGE-COAGGLGETACTCCTC - - ACGGAGTGCACTE
CnM55625 AGCWGCCG-CGGTAATTCCAGCTCC-AGTAGCGTATATTAAAGT TGTTGCAGT TAAAAAGUTCETAGT CEARC TTCASGTCTGG-CEAGELGETCCTCCTC--ACGEAGTGCACTE
FnX60183 AGCAGC-C-GCGTAATTCCAGCTCC-AGTAGCGTATATTAAAGT TGTTGCAGT TARARAAGC TCETAGT CEAAC TICAGGTCTGG-CEAGGLEETLCTCCTC - - ACGGAGCTCACTE
CnL05428 AGCAGC-CGCGGTAATTCCAGCTCC - AGTAGCGTATATTAAAGTTGTTGCAGTTAAAAAECTCETASTCAAAUTTCASCTCTGE-COAGGCHETICTCOTC -~ ACCGAGTGCACTG
CnL05427 AGCAGC-CGCGGTRATTCCAGCTCC - AGTAGCGTATATTAAAGTTGTTGCAGTTAAAAABETCOTAGTCOAACTTCABGTCTGE-CEAGGLEETICTCOTC - -ACGGAGTECACTS
TcX60182 AGCAGC-CGCGGTAATTCCAGCTCC - AGTAGCGTATAT TAAAGTTGT TGCAGTTAAAAAGCTCETAGTCEANC TTCGEGCCTGE-CGGRALGETOTGCCTT - - ACGETATETACTS
14130 e GOTCETAGTCGAACTT CGBGCCTGG-CEGRACEGETUTGCCTT - ~-ACGGTATGTACTG
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Table 3.48¢; 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

ClM55526 GAGG-C--GBCECCTEMITECECC-TCCTCTTAG -~~~ === === -——-= CAATAA-GAGHAGGACTE- -- - TTACTITGAGTAARTCAGAGTETICARAGEAGGEGCACCHOTTS
C1M60306 GAG-~C--GGCHCCNETTITACECC - TCCTCTTAG- -~ ——=======-== CAATAA-GAGRAGGACTH- — -TIAC TTIGAGTAAATCAGAGTG T TLARAGCAGROGCAC - GETNG
ClusCBS6936 GAGG-C-~GECECCTEM TECTCC-TCCTCTTAG- ——— === === == -——— CAATAA-GAGHAGGACTE- - - -ITACTTIGAGTARATGAGAGTG T TCARAGCAGECGCAC-BUTTG
ChaemCBS5149 GAGG-C--GGCBCCCOIITECICTGTCETCTCCC -~~~ m = = === m e CTTGTG-GRGEGTGACAGAATATTACTITCACTAAATGAGRGTAT TCAAAGRAGGRGCAC-GOTTE
21a.3 GAC--CCAGCCEAGCCTTTUCTTCTGECTAGCCA- T~~~ =~ ===~ ==~== TTAT- -GGCEAACCAGEACT TITAC TITGAARARAT TAGAGTETTCAANGCAGECCT - TTECTCE
27A.3-4 GAC-~-CCAGCCBAGCETTTECTTCTGGCTAGCCA-T-———— === =—————— TTAT--GGCEAACCAGGACT T TACTTTGAAAARAT TAGAGTCTTCARAGEAGGCCT - TTGETCG
Cpara604 GAC--CCAGCCEAGCCTPTOCTTCTGGCTAGCC -~ Tmmm == — === === === TTTT--GGCEAACCAGEACT TITAC TTTGAAARAAT TAGAGTOTTCAARGCAGECCT - TTGCTCS
34B.1 GAC--CCAGCCEAGCETTTOCTTCTGEETAGCCA-T-————— = === ===~ TTAT - -GGCEAACCAGBACTTTTACTEIGAAARAAT TAGAGTG TTCARAGCAGGCCT -TTGETCE
40F.1 GAC--CCAGCCHAGCETTTECTTCTGECTAGCCA-T-— - ——— === === - TTAT- -GGCEAACCAGEACT TITAC TITGAAAARAT TAGASTG T TCAANGCAGGECT - TTROTCS
29A.1-6 GAC--CCAGCCBAGCETITECPTCTGGRTAGCCA-T -~ -~ —m—m—mm === TTAT--GGCBAACCAGBACTTITAC T T TCAARAAAT TACACTCTTCAARGCAGECCT-TTGCTCE
40E.1 GAC--CCAGCCRAGCETTTHCTTCTGGETAGCCA-T-———————————— -~ TTAT--GECAAACCAGEACT TITAC TTITGAARAAAT TAGAGTCTTCAARGCAGGCCT-TTRCTCG
CAubCBS7987 GAC--CCAGCCBAGCCTITECH TCTGGCTAGCCA-T-— ——— === == —— === TTAT--GGCEAACCAGEACTTITAC TITGAAARART TAGAGTEPPCAARGCAGECCT-TTEETCS
CalbCBS562 GAC--CCAGCCBAGCETITOCTTCTGGGTAGCCA-T--———= === —————— TTAT--GGCEBARCCAGGACTTTEACTTTGAAAARAT TAGAGTCTTCARAGCAGGCCT-TTGATCE
CAxX99399 GAC--CCAGCCHAGCUTTTL -TTCTGGCTAGCCA-T-—— == ==~ ————— TTAT--QGCEAACCAGEACT T TAC T I PGALANART TAGAGTG T TCARAGCAGECCT - TTGETCS
CaM60302 GAC--CCAGCCEAGCUTTTECTTCTGGGTAGCCA-T- -~~~ ~~~—-----~- TTAT--GGCBAACCAGGACT T TTACTITGAAAAAAT TAGAGTCT TCARAGCAGECCT - TTGETCE
CaAJ005123 GAC--CCAGCCHAGCETITECT TC TGGETAGCCA-T- -~~~ = m === === e TTAT--GGCEAACCAGEACTTTTACTTTEAAANAT TAGAGTETTCANAGCAGECCT-TTECTCE
CpM60307 GAC--CCAGCCEAGCETTTOCETCTGGCTAGCC- ~Tmmm === m e e m e e TTTT--GGCEAACCAGGACT TP TACTITGAAARRAT TAGAGTETTCAAAGCAGEECT-TTEUTCE
CtM60308 GAC--CCAACCGAGCEIMTTECTTCTGGCTAGCC- - T-— - —————--~-——~ TTT- - -GGCEAACCAGEACTTTTAC TTTGARAAAAT TAGACTATTCARAGCAGGCCT - TTRCTCE
CtM55527 GAC--CCAACCHAGCE PP T CT TCTGECTAGEC- - T-———————————--~- TTT---GECEAACCAGGACTTT TAC T I TGARAARAPTAGRGTCT PCARRGCAGEECT-TTGOTCE
CvM60309 GAC--CCAACCGAGCETTTCCTTCTGRCTAGCC--T-——————— == ———-~- TTT---GGCGAACCAGAACT TITAC TTIGAAAARAT TAGAGTCTTCARAGCAGGCCT - TTAETCG
34A.4 GAC--CCAACCGAGCUPITECT TCTGGCTAGCC- -~ ~ -~~~ —————— -~ TTTT--GGCEAACCAGEACTTPPACTTTGAAAARAT TAGAGTGTTCARAGCAGECCT -TTGCTCR
34a.6 GAC--CCARCCRAGCETTTECTTCTGGCTAGC - ————— ==~ ————— -~~~ TTTT--GGCGAACCAGHACT T I PACTTIGAAAARAT TAGRAGTGITCARAGCAGGCCT - TTGCTCG
CtropCBS94 GAC- -CCAACCEAGCETTTHCTTCTGECTAGC - - - - = -~ = === ——————— TTTT- -GECGAACCAGEACTTTTAC TITEAAAAAAT TACAGTETTCARRGURAGECCT-TTGCTCE
CvisCBS4024 GAC- -CCAACCEAGCETTTECTTCTEGCTAGC -~~~ — === === === === TTTT--GGCEAACCAGEACTTTTAC TTTGAAAARAT TAGAGTGTTCARAGCAGGOCT -TTGCTCE
CfamCBS940 GAT--CTAACCEACCETI TS CITCTGGETAACCT-TCATCC -~ T - -CTGGGTGT T~ —GG&MCCAGGACTMACMTT&GAWMCA@}CCT -TTECTCG
CgM60304 GAC—-CCAACCGAGCCTTTCCTTCTGGCTAACCA TTCGCCCTT——GTGGTGTTT——GGCGAACCAGGACTTTTACTTTG&AAkARTT&G&GTGTTCB&AGCAGGCCT -TTGETCE
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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 GAC--CCAACCHACCEM TR CTTC TEECTAACCT - TTCGCCCTT- -GTGGTGTTT - -GECEAACCAGRAC TT T TAC T TTHAA A A AN T TAGAGTET PO ARRGEAGSCOT-TTEETC
DhX62649 GAC--CCAACCBAGCETTTECTTCTEGCTAACCT-TTCGCCCTT- -GTGGTGTTT- -GECEAACCAGGACTTTTAC TTTGAAAAAAT TAGAGTCTTCARAGCAGECCT - TTGETCE
CkefyrCBS834 GTTTTC-AACCEGATETITECTTCTGGCTAACCTTGTACTCCTT - -GTGGGTGCA - ~GGCRARCCAGSACT TITAC TTTGAAAARAT TAGAGTGTTCARAGEAGECCAAR-GATCG
KmX89522 GTTTTC-AACCHGATC M TECTTCTGGCTAACCT -GTACTCCTT- ~GTGEGTGCA- ~GGCHAACCAGGACTT LI ACT M GAAAAAAT TAGAGTCTTCARAGEAGGLGARA-GOTCE
CkeM60303 GTTTTC-AACCEGAT PP TOCTTCTGGCTAACCT -GTACTCCTT - -GTGGGTGCA - -GGCEAACCAGRACT T TAC T IGARAAAA T TAGAGTGTTCAARGCAGGOGAAR -GOTCE
KmX89524 GTTTTC-AACCGEATUTTTUCTTCTGECTAACCT -GTACTCCT T - -CGTGEGTGCA - ~GECEAACCACGAC TTTTACCTTGAARARAT TAGRGTCT TCARAGCAGECGAAA -GCTCG
KmX89523 GTTTTCCAACCGGATCETTECETCTGGCTAACCT GTACTCCTT--GTGGGTGCA--GGCGAACCAGEACTTITAL TTTGAAAARAT TAGAGTOTTCAAAGCAGGCGARR-BCTCG
Scv01335 GATTTCCAACGEGECETTTECTTCTGGCTAACCT - TGAGTCCTT - - GTGGCTCTT - -GECEAACCAGSAC T T AN T TCAAAAAAT TAGAGT S TTCAARGCAGGCGTATTRITCE
ScJ01353 GATTTCCAACGEGECOTTTRC T TCTGGCTAACCT - TGAGTCCTT - ~GTGGCTCTT - -GGCEAACCAGGACTTETAC TTTGAAAARATTAGAGTOTTCAAAGEAGGUGTATTGETCE
ScerATCC2601 GATTTCCAACGHGECETITECTTCTEGCTAACCT - TGAGTCCTT - ~GTGGCTCT T - -GECEAACC AGEHAC T T ITAC TT TG AAAAAAT TACAGT G T T CAAAGCAGECCTATTECTCE
Cgx51831 GAATGC-ACCCBGGCETTTCCTTCTGGCTAACCC-CAAGTCCTT - -GTGGCTTGGC ~GECEARCCAGBACTTETACT TTCARAAAAAT TAGACTOT TCAAAGCAGOCGTATTGCTCE
TgM60311 GAATGC-ACCCHGECETTTECTTCTGGCTAACCC-CAAGTCCTT - -GTGGCTTGGC - GECEAACCAGEACT T TAC TTTEAAAAMAT TAGAGTGT POAANGCAGGRCGTAT TGO TCE
CkrM60305 TTG- - -CERCCBEETE M TE C I TCTGGCTASCC — -~ —mm—mmm—m—m TCGG- ~~GCGAACCAGRACGAT P AC T TIGAGGARAT TACAGTCTTCAAAGCAGGECT-TTRETCE
CkrM55528 TTG---CGECCHEETOTITOCTTCTGGCTAGCCC-~~ =~~~ - === === ———— TCGG- - -GCEAACCAGGACCGATTACTTTGAGGAAAT TAGAGTGTTCARAGCAGECCT-TTGCTCG
Cnorvé6564 TTG- - -CEECCEGETE I TECT TCTEECTAGCCTCCCCT - - -~ —— ———— — GTGGGC-GGUGARCCAGGACGAT AU TITGAGGAAAT TAGAGTGTTCAAAGCAGGECT -TTGCTCS
CneoneoCBS132 TCTT- - --GCTREACE I T AN CTCCTOGTEETCCTGTATGCTC T T TAC TGEG TG TGCAGGGAARCCAGRAAT T T ACC T TGAARAAA T TAGAG G T T CAAAGC AGGCA-ATCGACCE
Cneog6289 TCTT- - -=~GCTEGACCTTAUCTCCTGETEETCCTETATGCTC TTTACTGEE TG TECAGEGEAACCACGGAATTITACCITGAAARAAT TAGAGTETTCAAAGCAGGCA - ATCECCCE
CnM55625 TCTT----GCTEGACCTRACCTCCTGETGETCCTGTATGCTCTTTACTGGETGTGCAGGGGAACCAGEAATTTTACCTTCAARAAAT TAGAGTGTTCAAAGCAGGLA-ATCELCCE
FnX60183 TCTT- - --GCTECACC T TACCTCCTEETEETCCTETATGCTC TTTAC T GGG TG TCCAGEEEAACCAGEAA TTI P ACCTTGAAAAAAT TAGACTGTTCAAAGCAGECA-ATCEICCS
CnL05428 TCTT- - - -GCTBGACCTTACCTCCTEGTEETCCTEGTATGCTCTTTACTGGETGTGCAGGGEAACCAGEAATTITACCTTGARARAART TAGAGTCTTCAAABCAGGCA-ATCBCOCCO
CnL05427 TCTT————GCTGG&CCTTAQClLL1uuLhuLLLLu1ATGCTCTTTACTGG"TGTGCAGGGGAACCAGQAATTTT&G“TTGAAAAARTTHJAGTPTTCHAAGCAGGCA ATCGOCCH
TcX60182 TCTG- - --GCTREE T AL CECT TG TGAGGCCG TATGCCC T TCAT TGEG TG TGCGETGRAACCAGBAATTIM AC CITCAGAAAAT TAGAG TS TTCAAAGCAGGEA- ATTGCCCS
14130 TCCG———-GCTGPGTQTTAgCTCTWGGTGAGGCTGCATGCCCTTTATTGGGTGTGTAGTGGAACCAGGAATTTTACCTTGAGAAA&TTAGAGTGTTCAAAGCAGGPAT-WTGPCC?
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Table 3.48¢; 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

C1M55526 ARTCTOTT ABCATCEARTART ACAATAGCACGC - ATEE IO AM T RGT T GET T TICTAGCACCATEGTARIGATTANTAGGGAL - COTCEGERGCATCAGTATTCAGT TRTCABAG
C1M60306 AATCTGTTAGCATCGAATAATAGAATAGGACGC-A G T GETITCTAGGACCATCGTAATGATTAATAGRGAL - GG CGGGEECATCABTAT I DAGT TETCAGAG
ClusCBS6936 ARTCTCTTAGCATGEARTARTAGAATAGSACEC - Amwnwmwe@mnwccwcmmmnmmmsm GEICEEEGECATCAGTATTCAGT TG TCAGAG
ChaemCBS5149 AATCTGTTAGCATGGAATAATAGAATAGGACEC - ATGGT TOTAT T T TG TGO T T TC TAGGACCATCGTARTGATT AATAGGGAC - GG TCEGRGECATCAGTATTCAGT TGTCAGAG
21A.3 AATATATTAGCATGEARTAATAGAATAGEACCTTATGETTCTATTITGTICE PTTCPAGGACCATCATANI GRTTAATAGGGAC - GG TCOEGEGTATCAGTATTC AGT TG TCAGAG
27A.3-4 AATATATTAGCATGGARTAATAGAATAGGACG T TATGETTCTATTITGTTCATTTC TAGGACCATCG TARTGAT TAATAGGGAC ~GETCOGCEETATCAGTAT PCAGT TG TCAGAG
Cpara604 AATATATTAGCATCEAATAAT AGAATAGGACE TTATEGTICTATTTTGTTG TAGGACCATCGTAATGATTANTAGGGAC - GITCEGGEETAT CASTATTCAGTAGTCAGAG
34B.1 m;xTmmmmm'rmrmccwmmmmmmmemmacnmmﬂmmmcm GGTCOGGGRTATCAGTATTCAGT TATCAGAG
40F.1 ; TTAWATWGWMGACERTMWWAATE@GG&C“GGTCGGGGGTATCAETNPI‘CAGT’I‘GTCAGN}
29A.1-6

40E.1

CdubCBS7987

CalbCBS562

Cdx99399 _

CaM60302 .u.ma-rmmmurm’rmmma@mmmrmmmmmcmmmnmmm&c acrceescsa*mcamammrmmmm
CaAJ005123 ARTATATTAGCATGIARTARTAGAAPAGEACGTTATGETTCTAPTPTGTTCAT TPCTAGGACCATCETAATCATTAATAGGGAC - GATCEGEGATATCAGTATTCAGT TETCAGAG
CpM60307 ! : CATCGTARTCATTAATAGGCAC -GG TCOEACETATCAGTATTCAGTAGTCAGAG
CtM60308 mwmmcmmmwmmmmwnmmmmmcmmmnmmc - G TNGEGEETATCAGTATTCAGT TATCAGAY
CtM55527 ARTATATTAGCATGGARTANTAGARTAGCACGTTATGET IO TATTTECT CTAGGACCATCGTAATGATTARTAGEGAL -GG TCGGEEGTATCAGTATTCAGTI TGTCAGAG
CvM60309 ARTATATTAGCNTCCANTAATAGAATAGGACG TTA TG T TCT AT P TIG T TCAT TTCTACGACCATCATAATGAT TAATAGGGAC -G TCRGEGATATCAGTATTCACT TGTCAGAG
34A.4 AM:MAWAmmmmmAM@GA@@TTAWAWW&GGAchCGTMTGmmmmc - BGTCEGGEETATCAGTATTC AGT TUTCAGAG
34A.6 ANTATATTAGCATGGARTART AGARTAGGACG T TATGG T TCTAT T T T TCATTICTAGGACCATCOTAATGATTART AGGCAL -GOTCEBEGGTATCAGTATTCAGT TGTCAGAG
CtropCBS94 AATATATTAGCATGGAATAAT AGAATAGEACCTTATEETTICTA MMTCETTTCTAGCACCATCGTANTGATTANTAGGGAC - CUT CECEEETATCAGTATTC AGT TUTCARAS
CvisCBS4024 AATATATTAGCATGCAATAATAGARTAGGACGT TATGETICTATTT TG TTGETTTCTAGGACCATCGTAATGATTAATAGGGAL -GETCOBEGETATCAGTATTCAGT TG TCAGAG
CfamCBS940 MTATBWMWMWTTAWAWWMWWMTM -GGTCEGEEETATCARTATTCACT TETCASAG
CgM60304 mmm&mmmrmwmwmwnma; ; rC CATCGTAATGATTAATAGGCAC - CETCEGEEECATCACTATTCAGT TETCAGAG
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Table 3.48f; 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 _mcenmmﬁmmm’rmc GOTCEGEEECATCARTATTCAGT TATCAGAS
DhX62649 m'nmmm ; [ ¢ { q { : AQCH { ]

CkefyrCBS834 mmn‘ﬂmmmmmmmw~Wﬂaﬂm@cmmmmmumwammc—G@Tc&@@ﬁ@ca’rcmnmmwmcmm
KmxX89522 Aﬁmnmmmmmmscmmssmew TOGPTCTAT T PRI TGETPTCTAGGACCATCOTAATGATTARTAGGCAC - GRTCOGEGECATCAGTATTCART TG TCAGAG
CkeM60303 AC - TOTAGGACEATCGTAATGATTAATAGEGAL -CRTCERGEECATCAGTATTCAAT TETCAGAL
KmX89524 Amnmmmmsmwmqmmsam:eﬂ - W@Awmmccammmwmwmm -GGTCEGEGECATCAGTATTCART TGTCAGAG
KmX89523 T 3TT JGACCATEGTAATGATTARTAGGCAL -COTCORGGECATCAGTATTOARTTETCAGAG
Scv01335 Ammmmmmmmwamwmc{;w~anrmsmmmccammmwmwmm GGTCGGGGGCI\TCGGT&W.M’&‘TGTC GAG
ScJ01353

ScerATCC2601

Cgx51831

TgM60311

CkrM60305 G!memmcmesaammmrmmc-nm Amwmm?dmcmmamnmmMTmGac - GGT CEGEEGCATCAGTATTCAGTCATCAGAG
CkrM55528 GATATATTAGCATGGAATAATAGAATAGGACGC - ATGATTCTATTTIGTTCATTTCTAGGACCATCOTAATGATTAATAGGGAL - GETCOREAGCATCAGTATTCAGT CGTCAGAG
Cnorv6564 AammwA@GATGGAA?MTA&MM&ST~AWTAWGWMEATcc’zmmwmmessac -CBPCEEBEECATCAGTATTCAGT COTCABAG
CneoneoCBS132 macawmmm’rmmmm -CEOTTCTATTITGTTGATTTCTAGGATCGCCETANTGATTAATAGAGAS - emcmmcawcmmwcccw*mcmm
Cneog6289 SR

CnM55625 AATACATTAQGA GAATAATAGAATAGGACGTG-CE

Fnx60183 AATACATTAGCATGOARTAATAGAATAGEACCTG- c@mcmmr@wc@m’cmmamccmmnmmmm - GO CRGAEACAT TGETATTOCGT TACTAGAG
CnL05428 AATACATTAGCATCOAATAATAGARTAGGACG TG - COGTTOTAT T TG TTGEPTTCTAGGATCGCLGTAATGATTAATAGGGAL -B6T COBGEGCATTGETATTCCGTTGCTAGAG
CnL05427 ARTACATTAGCATGGAATAATAGARTAGEACETG - CAGTTC T AT T T TG TGO TT TC TAGGATE CCOGTARTCGATTAATAGEGAC - GHT CEGGEACAT TCATATTCCGT TACTAGAG
TcX60182 AATACATTAGCATGEAATAATAGAATAGEACGTG- cmammm&mccmumwnmmcm -COTCEEGGECATTAGTATICCGTTECTAGAG
14130 A&acmmammwmmm CEGTTCTAITT GATEGCOGTAATGATTARTAGHCAC -GUTCGEEAGCATTAGTATTOCGT TECTAGAG

kk Khkkxkhkk Kkhkkkk Kkkk Ak Kkhkk *K KKKk K ******* ********** - AR TR EARTEAEAE ®® FEE® khkFxxK* *x *x*k*Kh K *  * * Kk
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Table 3.48g; 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

ClM55526 BTCARA T C T T GGAT T TACTGAAGAC TARS TACTGRBARAGCA T G ARGEACG T T I AT T AR TCARGAACCRAAG T TAGE BCATC GAAGATEATCAGATACCGTCETACTCT
C1M60306 GTGAAATTCTTGGATT TACTEAAGACTAACTACTGCGAARGCAT TGCCAAGGACGTTT ICATTARTCAAGAACGAAAGT TAGCGCATCCAAGATGATCAGATACCETCETAGTCT
ClusCBS6936 Gm@mhnmmcmwecamTTacTgansacTnncTacmGcsanﬁsFAETTGccnaseacewwrwcawmAnmcnnsnacsnaAGwTasGGGATCGnaGaTGaTcagawncceqccwnswcw
ChaemCBS5149 - TGO CGTTT TCAT T AATCARGAACGAAAGTTAGGGGAT GAAGATGATCAGATACCGTCETAGTCT
21A.3 emsaameCmmcGamancTcancaCTnacTacmcaaaaascnww@nccaasﬂnccwmwwcnmwAawcaasancGAAAGTTAGGGcaTCGAAGATGATcncnmncccwcamacmcm
27A.3-4 G%Gnﬁﬁ?TCTIGGﬁETTACTG&&GACTAAETACTGEGAAEGChITTACCAAGGHUGTTTTCAEThATCAAQBACGAAAGTTEGGGGATCGAAGATGATCABATACCGTCGT&GTCT
Cpara604 . 3T ”T”TTnawcaaeaaccaaneTThﬁGgGaTcGnaehmgaTcnﬁaTncceTCGTAGTcT
34B.1

40F.1

29A.1-6 swéianmﬂcwwecaTTTACTGRAGACTathACT CG&AAGuATTTACCAhGGhCGTTTTChTTABTCﬁAG&RCGahAGTTiGGGGéTC”AhGhTGATCAGAT&CCGTCGTA"TCT
40E.1 T .TAcTﬁmacacmaacTacwccennamcasTTabcaasaacGTTTTcﬁmTAchaaaaaccaaagmwm@sscamCGaAGaTGATcnﬂamaccamccTaGTcm
CAubCBS7987 f&ﬁT@GGamTTAcTsnnGaCTAQCTASTGEGA&%GCATTT 54-"' :

CalbCBS562

Cdx99399

CaM60302

CaAJ005123

CpM60307

CtM60308

CtM55527

CvM60309 A : % : ;

34A.4 ATTCT TTTACTGAAGACT%ACTAC@GQGAARGCnTTTnCCAﬁGEACG?TTTCATTAATCAAGAACGAAAGTTAGG&GATCGAAGATEATCAEAEACCGTCGT&“TCT
34a.6 qzsxagrrcmgcGﬁwmmacTuaﬁeacTaacTncTGcsaaascamTTAncAaaaﬁcswrrmcamwnamcaassacGnaasrwascccawcaaaGATcamcaaamaccswccwaswcw
CtropCBS94 ETGAANTTET : PPTCATTAATCAACAACCAAAGTIAGELEATC GRAGATGATCAGATACCETICETAGTCT
CvisCBS4024 GmcaanmfcmmccamancTcascacTaacTACTcechnascAFTTnccAasGAcemTTTcATTAamcaasaacaaanswwascccarcGaAGATGATcasATnCCGTccraGTCT
CfamCBS940 GT@hA!TTCTTGGﬁmTTACTG&AG&ET%AETAETGCGAAAGCATTTACCﬁ3GGACGTTTTEhTTAhTCAﬁEnhCGHAAETTAGGGGaTEGﬁAGAThATCAGATBCCGTCGT&GTCT
CgM60304 v ; ST T TCAT FANTCARGAACGAALGT TAGAGGATCGARGATCATCAGATACCGTCETAGTCT

o ﬁx gk k *H t*ﬁiti itﬁ 1'*#'[**11***1'1* khkkAAhkkd Akh hEkhkhhkkhkhhkd kk & *hkk * wwmkkhw whkw hkw
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Table 3.48h; 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 TITOATT ARTCAAGABCGARAGTIAGGUGATC GAAGATGATCAGATACCATCATACTOT
DhX62649 FOPCATTARTCARCAACCARAGTTACBGCATCGAAGATGATCAGATACCGTCGTACTET
CkefyrCBS834 CGABAG i PIICATTAATCAAGAACGAAAGT TAGGUGATUGAAGATGAT CAGATACCGTCGTAGTCT
Kmx89522 m&ammmamcacTmecmmmmcmmmmmmmmmammmememcmm&ccc'rcc'rm'rc'r
CkeM60303 y : p 2 -__TTWGAMGWMGGGATCGMGATGATCAGATACLG’I‘C@MGTCT
Kmx89524

Kmx89523

Scv01335

Sc¢J01353 G

ScerATCC2601 TEARR CCARGGACET

Cgx51831 GTGARATTCTITGGAT I TATTGAAGAC TAACTACTGCCARAGCATTT CCAAGGACGTT

TgM60311 WMGWMMGMTMCTMGmacmmG&AMMM&MCWWGMGnmwrcnamaccmmam
CkrM60305 CCAAGGACGTPTTCAT T AATCARGRANGAARGT TACGEEATCGAAGATGAT CAGATACCETCETAGICT
CkrM55528 mmmc@mcacmmcvmmmcnm CCAAGGACGTTTTCATTARTCARGAACGAAAGTTACGGGATCGARGATGATCAGATACCGTCATAGTET
Cnorvé6564 m@mwmmmhcTmcac'mncTmccmmcnmsccmmmwmmmcmmmmmammmmmmnccc'rcc'w;'rc'r
CneoneoCBS132 : FTGATCARGAACGAAGOTTAGGGGATCARRRACGATTAGATACCETTETACTCT
Cneog6289 MMMA@NGACGGMG&CMQAMGCMGCMGccnammcaﬂeé\mmcemmnmmmmccm'rmmaccs'rmm -
CnM55625 AGATTGACGEAAGALCARC AACTGLGARRGCAT T IGOCAAGGACAT T T CATTCATCAAGARCGARGE FTAGBEGATCAAAAACGATTAGATACCET TG TAGTCT
Fnx60183 mma@ﬂ@cmmmsm mmmww&mmm@mmwmc@awm&mmmmvw
CnL05428 GTGARATTCTTAGATTGACG mmcmcmammmemmmmmamm&mmmnm AARARCGATTAGATACCETTETAGTCT
CnL05427 AT £ SCA AT I CATC ARGARCGARGETTAGGCEATC ARAANCGAT TAGATACCAT TATAGTLT
TcX60182 Gmmm.q@a*rmTACGGMG&CTmmemcmmamm@mmcemmmmcmcammsAmccc'rm'rmcr
14130 P AGATTTACGEAACACTAACATL TCCGARAGC AT ICCCAS : GAACEAACETTAGGCGATCAAAAACGATTAGATACCGTTSTAGTCT

?********** * k% *kEX KKk KKK **k KTRkKkkKkK * k Kk I‘ti‘i"l‘tt’t*t’ti**t **t***** Awdk AEFEAETREATN KR w k kK * FhkkkkKk KKrkk Kkhk*x
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Table 3.48i; 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 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

CiM55526
C1M60306
ClusCBS6936
ChaemCBS5149
21A.3
27A.3-4
Cparat04
34B.1

40F.1
29A.1-6
40E.1
CdubCBS7987
CalbCBS562
Cdx99399
CaM60302
CaAJ005123
CpM60307
CtM60308
CtM55527
CvM60309
34A.4

34A.6
CtropCBS94
CvisCBS4024
CfamCBS940
CgM60304

TAACCATAAAC TATGCCEACTAGGCATCGEGCGCCETTCATT TAGT -GACGCGCTREECACCT TASGAGAAATCARRGTCTTT -GGG TTCTGGGGEGAGTAT -GGTCG-
TAACCATARAC TATGUCGACTALCCATCGEGCEGCETTCATTTAGT ~-GACGCECTUGECACLT TACGAGARATCAAAGTCTTT-GGGT -~~~ ~— =~ === === ===~
PAALCATAAAC TATGCCGACTAGGEAT CEGGCEGCETTCATTTAGT - GACGCGCTCGECACCT TACGAGAAATCARAGTCTTT-GGGTTCTGCGGGGAGTAT-GGTC-C
TAACCATAAAC TATGOCCACTAGGGATCEGEGCEGCETTCATC TAGT-GACGCGCTCGECACCT TACGAGAANTCARAGT - TTT - GGG T TC TGGGGGGA-T-TT- - - — - -
TAACCATAAAC TATCCOBACTAGGGATCOET TET TG TTC T TTTATT-GACGCAATCGECACL T TACGAGAAATCAAACTC TTT-GGGTTCTGGGGGGAGTAT-GGTCGC
PAACCATARAC TATCCCOAC P AGCGAT G TTCTTE T TCTT T TATT-GACGCAMICEECACC T TACGAGAANT CARAGTC TTT -GGGT TC TCGGGEGAGTAT ~-GGTC - -
TAACCATAAACTATGECGACTAGCCATOEETTGT TG TTCTTTTATT~GACCCAATOGECACCTI TACGAGAAATCAAA -~ TCTTT-GGGTTCTGGGGGGAGTAT~-GGTCGC
TnnﬂCATaAacTawGCCGRC?AGGGATCGGTTGTTGTTCTTTTATT-GacucAATCGGC&QCTTACunﬂhnATCAAA TCTCC-GGGTTCTGGCGGGA-TAT-GGTC-C
TAAQCATAAAC TATGECGACTAGGEATCRGTTGT TR TTCTTTTATT-GACGCAATCGECACCT TACGABAARTCARA - TCTYY -GGETTCTGGGGGGA-TAT -GGTC-C
TAACCATAAAC TATGCCEACTAGCCATCGATTGTTATTCTTTTATT ~-GACGCAATCAGCACCTTAC GACAAATCAAA ~TCTTT -GGG TTCTGGGGGGAGTAT -GGTCGC
TA&CCJ&?MCTRTMCGACTAGGGATCGGTTGTTGTTCTTTTATT GACGCAATCGGCACC‘?TACMTCMA TOTTT GGGGTTCTGGGGGGAGTAT-GGTCG
TAACCATAAACTATGCCGACTAGGCATCGE T TGTTATTCTTT TATT-GACGCAATIGGCACTT TATGAGAAATCAARGTCTT T -GGGTTCTGGGGGGAGTAT -GG TCG -
TARCCATARAC TATGCLGACTAGCEATCEG TTCTTETTCTTTTATT-GACGCAATCEECACCTTACGAGAAATCAAAGTCTTT -GGGT TCTGGGGEGAGTAT -GGTCG-
TAACCATARAC TATGEOGACTAGGCATCOGTTGT TETTCTTTTAT T-GACGCAATCGRCACE T TACGAGAAAT CAAAGTCTTT-GGGTTCTGGGGGGAGTAT -GGTCG-
TARCCATARAC TATGCCGACTAGGEATCGETTGT TETTCTTTTAT T-GACGCARTCEECACCT TACGAGARATCAAAGTCTTT -GGETTCTGGGGGGAGTAT -GGTCG -
A ACCATARACTATCCCGACTAGCCATOGGT TG T RS TTCTTTTAT T~ GACGCAATCGGCACCT TACGAGAAATCAAAGTCTTT-GGGTTCTGGGGGGAGTAT -GGTCG-
TAACCATARAC TATGECGACTAGGEATCEGT TCT TR T TC T TTTATT-GACGCAATCGACACC T TACGAGAAATCAAAGTC T -~ — ==~ m = mmmmmm e e e e e e e e
TAACCATARACTATGCCGACTAGCCATCGGTTGT TG TTCTTTTATT ~GACGCAATEGGCACCT TACGAGAAATCAAAGTCTTT -GGG~~~ ~~~~~~~~~~~—--—----
TAAQcnwaaACT@wGCCGACTnGGGAEEG&TTGTTGTTCTTTTATT ~GACGCAATCGECACCT TACGAGAAATCARAGTCTTT -GGG TTCTGGGGGGAGTAT -GGTCG-
PAACCATARAC TATECCGACTAGGGATCEG T TC T TG T TC T T I TAT T-GACGCAATCEECACC D TACGACARATCAAAGTC —— =~ mm = mmmmmmm e
TAACCATARAC TATGCCGACTAGECATCEE T TG T TR T TTTTTTAT T - GACGCAATOGECACCT TACGAGAAAT CAAA - TCTTT - GGGTTCTGGGGGGAGTAT-GGTC-C
TAACCATARAC TATGCCGACPAGGGATCGETTGT TG T T T T TTTATT-GACGCAATCAGCACC T TACGAGARATCARA - TCTCT - GGGTTCTGGGGGGA-TAT-GGTC-C
TAACCATARAC TATGCCEANTAGGCATCGETTCTTGTTCTTTTATT-GACGCAATCGGCACCT TACGAGAAAT CAAAGTCTTT-GGCTTCTGGGGGGA-TTT~GGTC - -
PARCCATAAAC TATGCCEACTAGCCATCGETTETTETTC TTTTATT - GACGCAATCEBCACCT TACGAGARATCARAGTCTTT -GGGT TCTGGGGGGARTAT-GGTC-C
TARCCATAAAL TATGCCGACTAGGCATCEEETETCETTC TTT T TTT -GACGCACH CEGCACC T TACGAGARATCARAGTCTTT -GGGTTCTGGGGGGAGTAT -GGTCG -
TAACCAmaBACT%TGCCGﬁCTAGGGQICGGGTGTT$TTCTKTTTTT-GACCCACTCGGCaCCTTAPGAGAAATCAAA’TCNTT GGG ————————mmmmm
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Table 3.48j; CLUSTAL X (1.64b) multiple sequence alignment of a 490-bp fragment of the 18S rRNA gene in

Candida 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
CkefyrCBS834
KmX89522
CkeM60303
Kmx89524
KmX89523
Scv01335
ScJ01353
ScerATCC2601
CgX51831
TgM60311
CkxrM60305
CkrM55528
Cnorv6564
CneoneoCBS132
Cneog6289
CnM55625
Frix60183
CnL05428
CnL05427
TcX60182
14130

ARG CATARAC TATGCCOACTAGSGATCOGGTGT TG TTCT T T TTT-GACGCACTEGECACET TACGAGAAAT CARAGTC T TT- GGCTTCTGCGGGGAGTAT -GETCG -
PARCCATARAC TATGOCCACTAGCECATCEECTETTETTC T TTTT T TTGACGCAC TCGECACCT TACGAGAART CAMAGTC TTT -GGG T TC TGGGGGGAGTAT-GGTCG-
TAACCATARAC TATGCCCAC TAGGGATCGEGTGE TG T T T T TC T TAT-GACCCACTEEECACC T TACGAGAAATCAAAGTC TTT- GGGTTCTGGGGGGAGTAT - GGTC - -
TahQCAmnAAETQTGCCGACT&GGG@ECGGGTGGTGTTTTTCTTAT -GACCCACTCGACACCT TACGAGARATCAAAGTCTTT-GGGTTCTGGGGGGAGTAT -GETCG-
TﬁncCATﬂAhCTﬁTGCCGhC?ABGGATCGGGTGGTGTTTTTCTTAT GACCCACPCGECACCTTACGAGRAATCAAAGTCTNT -GGG~~~ -~~~ =~~~ === oo ==
TAACCAPARAC TATGCCEAC TAGGCATCEECTEETRTTTTTCTTAT ~GACCCACTOGGCACC T TACGAGAART CARAGTCTTT-GGGT TCTGGGGGGAGTAT -GGTCG -
TAACCATARRC TATGCCGACTAGGGATCEEETCCTETTTTTCTTAT-GACCCACTCEECACC T TACCAGAAATCARAGTC TTT -GGGT TCTGGGGEGAGTAT - GGTCG-
TAACCATAAAC TATCCCGACTAG- - ATGGETCETATTTTTTTAAT -GACCCACH UGG TACCT TACGAGARAT CAAAGTCTTT -GGG TTCTGGGGGGAGTAT -GGTCG-
TAACCATARAC TATGECEACTAG - - ATCGECTCETE TTTTTTTAAT -GACCCACPEGE TACC T TACGACAAATC ARAGTCTT T-GCGTTC TGGGGGGAGTAT -GGTCG -
TAACCATAAACTATGCCGACTAGGCATCGEGTGGTETTTTTTTAAT -CACCCACTCGECACCT TACGAGARATCAAAGTCTTT ~-GGGTTCTGGGGGERATAT -GGTC-C
P RACCATARAC TATECCGACTAGGCATCEGGTGETETTTTTTTAGT - GACCCACTUGECACCT TACGAGAAATCARAGTCTTT -GGGTTCTGGGGGGAGTAT-GGTCG-
TAACCATARACTATGCOCACTAGGGATCGEGTGGTEYYYTTTTAGT-GACCCACTCEECACCTTACGAGARATCARAGTCTNT -GGGNTC TGGGGGGAGTAT -GG - — - -

TEAECATAAACTATGCCGACTAQGGATCGGGTuGTGCTACTNNGCC ~~~~~ CACTGGccaCCTNACGNG&AATCAAAG -------------------------------
PAACCATAAAL TATGCCGACTAGGCATCEAGTGETHCTACTTTGCC - - -~ CACTUGECACC T TACCAGARATCAAAGT - TTTTGGGTTCTGCCGGGAGTAT-GGTC-G
TAROCATARAC TATGCOGACTAGGGATCGEGCGATGCTACTTTGCT -~ -~ CGCTOGGCACCTTACGAGRANTTAAN- - -TTT CGGGTTCTGGGGGGA-TATTG-TCG

TARCAGIARACGATECCEACTAGGCATCEECCCACETCARTCTCTG- -ACTGEEPUEECACCI TACGAGAAATCAAA - TCTTT -GGGTTC TGGGGGGA-T-TTGGTC-C
TAACAGTARACGATGLCOACTAGGGATCGECCCACHTCAATCTCTG - ~ACTGEETCEECACC T TACCABARATCTA -~~~ ===~ === === === —m = mm e o m e
TﬂacAGTBRBCGATGCCEHCTHBGGATCGGCCCACGTCAATCTCTG——ACTGGGTCGGCACCTTACG&GhAATCAAAGTCTTT—GGGTTCTGGGGGGAGTAT -GGTCG-
Tﬁﬁcacmahﬁcua.'j GACTAS A TCGGECCCACGTCAATCTCTG- -ACTGEETLEECACCT TACCAGAART CARAGTC TTT -GGG TTC TGGGGGGAGTAT ~-GGTCG-
TE&CAG?%AAQG&TGCCGACTEEGGATCGGCCCACGTCBATCTCTG——ACTGGGTCGGCACC?TACG&GA&&TCA&AGTCTTT GGGTTCTGGGGGGAGTAT-GGTCG -
TAACACTAAACGATGCCGACTAGGEATCGGCCCACGTCARTCTCTG-~ACTGGETEEECACCT TACGAGARATCAAAGTCTTT-GGGT TCTGCGGGGAGTAT-GETCG-
TAAQAGTAAHCTATGCCGACTEGGG%TCGGWCCACGTTATTTTCTG——ACTGGATGGGCACCTTLEGﬁGhARTCAAAGTCTTT -GGGTTCTGGGGGGAGTAT-GGTCG-
TAACAGTAAAS TATGCCCACTAGGGATCGETCCACGTTAATTTCTG - - ACTGGATCEGCACCT TACGAGAAAT CARA ~TCGCC~~GET ——m e
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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

Species Number of Number of Number of Sequence
sequences mismatches and ambiguous lengths (bp)
analysed insertions/ sites
deletions or indels
C. albicans 3 0 0 513
C. lusitaniae 3 8 5 505
C. parapsilosis 2 3 3 515
C. dubliniensis 2 2 0 514
C. tropicalis 3 1 1 512
C. viswanathii 2 0 0 507
C. kefyr 5 3 5 528
S. cerevisiae 3 7 0 525
C. glabrata 2 3 6 525
C. krusei 2 2 6 443
Cr. neoformans 6 3 0 515
T. beigelii/ 2 8 0 476
14130
C. famatal/ 3 15 0 529
D. hansenii
C. guilliermondiil 3 7 1 523
D. hansenii
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\ \ C. haemulonii

C. glabrara
S. cerevisiae
S. cerevisiae

T. glabrata

C. lusitaniae
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100 C. lusitaniae

K. marxianus

C. kefyr
K. marxianus

C. kefyr

C. lusitaniae
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C. krusei C. krusei
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T. cutaneum
100 C. neoformans

C. negformans
99

C. neoformans

0.1 substitutions/site

Figure 3.19a; Unrooted consensus tree of the phylogenetic relationships derived from

18S rRNA sequence comparisons for medically relevant Candida species and related

genera

1; This clade contains all of the C. albicans, C. dubliniensis, C. tropicalis, C. famata, C.
viswanathii, C. guilliermondii, C. parapsilosis and D. hansenii 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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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)
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Figure 3.19¢; Bootstrap values for the phylogenetic relationships based on a fragment

a4

of the 18SrRNA 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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3.53.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 Candida 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
3.19¢ p., 223). The support was also strong for the association of isolates 14130 and T.
beigelii, 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.

224



3.6 Genetic analyses using ITSI1, 5.8S rRNA, ITS2

sequences

The following subsection is an analysis of sequence variation in the ITS1 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 5.8S rRNA, ITS1 and 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
rRNA 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;
e to assess the utility of the ITS regions of the ribosomal RNA gene
region for detecting intraspecies variation and its potential for use

in epidemiological investigations.

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. dubliniensis 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 3.52 p., 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 ITS 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 Genbank Accession number | Sequence Strain”
C. albicans - 17484 clinical’
C. albicans - 12716 clinical
C. albicans - 18527 clinical
C. albicans - 17640 clinical
C. albicans - Cal CBS562
C. dubliniensis - 15526 clinical
C. dubliniensis - Cdu CBS7987
C. stellatoidea 147114 1Cst ?°

C. tropicalis L47112 1Ctr ?

C. tropicalis - Ctr CBS9%4
C. viswanathii - Cvi CBS4024
C. guilliermondii - Cgu CBS566
C. guilliermondii L47110 1Cgu ?

C. famata - Cfa CBS940
C. glabrata - Cgl CBS138
C. glabrata LA7108 1Cgl ?

C. kefyr - Cke CBS834
C. kefyr L47107 1Cke [

C. haemulonii - Cha CBS5149
C. lusitaniae - Clu CBS6936
T. beigelii - Tbe CBS2466
Cr. neoformans var. neoformans - Crnn CBS132
Cr. neoformans var. gattii - Crng CBS6289
C. norvegensis - Cno CBS6564
C. krusei - Ckr CBS573
C. krusei L47113 1Ckr [

S. cerevisiae - Sce ATCC2610
C. parapsilosis - Cpa CBS604
C. parapsilosis 147109 1Cpa Il

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.
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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 Candida 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 |
|
|
CgU e TTCN-G-TAGGTGAAC -TGCGGAAGGAT - -CATTAJAGTA-TTCTTTTGCCAGCGCTTAACTGCGCGGCGARARR--C
10gU mmmm e TCC-G-TAGGTGAACCTGCGGAAGGAT - - CATTACAGTA-TTCTTTTGCCAGCGCTTAACTGCGCGGCGNAAARA-C
cfa  mmmmmmmmmmme— oo TGGGAAAGTAAAAGTCGTAACAAGGTTTCC-G-TAGGTGRACCTGCGGAAGGAT - ~-CATHAGAGTA-TTCTATTGCCTECECTTAATTCCGCEGCGATARA --C
Cpa e AGTTTCC-G-TAGGTGAAC-TGCGGAAGGAT - ~CATTAGAGAA-TGARA~———- AGTGCTTAACTGC---~-- ATTTTT-T
1Cpa e mmemm e TCC-G-TAGGTGAACCTGCGGAAGGAT - ~CATAACAGAA-TGANA----— AGTTCNTANCTGC-----~- ATTTTT-T
17640  mmmmmmmmmmm e GGAGTAAAAGTCGTAANAAGGTTTCC -G-TAGGTGAACCTGCGGAAGGA - -~ CATTATICGAT -TTG-~————----— CTTAATTGCA-~---------~ c
12716  mmmmmmmmmmm e GGA-TAAAAGTCGTAACAAGGTTTCC-G-TAGGTGAACCTGCGGAAGGAT - ~CATTAATGAT-TTG--—--—----— CTTAATTGCA-----—==--~~ c
17484 e GTAACAAGGTTTCC-G-TAGGTGAACCTGCGGAAGGAT - ~CATTAGTGAT - TTG-~ - =~ -==-- CTTAATTGCA-————==—=~=~ &
18527  mmmmmmmm e AAGTCGTAACAAGGTTTCCCG- TAGGTGAACCTGCGGAAGGAT- - CATTAGTGAT-TTG----------- CTTAATTGCA-~-————----- C
Cal e - e CTTAATTGCA--—=--=------~ &
1Cal e TCC-G-TAGGTGAACCTGCGGAAGGAT - ~CATTA(TGAT - TTG- - ~——-----= GTGAATTGCA----======== c
cdu 0 mmmmmmmmmmmem e TGGAAGTAAAAGTCGTAACAAGGTTTCC-G-TAGGTGAACCTGCGGAAGGAT - ~CATTAQTGAT ~TTG-——--—————- CTTAATTGCA-----------~ c
15526  mmmmmmm e CT-G-TTTGTCAAC-TGCCGAAGGA - - ~CATTAQTGAT -TTG- -~ -~-—-~- CTTAATTGCA-——————=---~ @
10St mmmmmm e TCC-G-TAGGTGAACCTGCGGAAGGAT - -CATTAATGAT -TTG----------~- CTTAATTACA-----------~ c
CEr e GTTTCC-G-TAGGTGAACCTGCGGAAGGAT - ~CATTANTIGAT -TTG -~~~ ~----~~ CTTAATTGCA--—--------~ c
ICEY  mmmmmmm e TCC-G-TAGGTGAACCTGCGGAAGGAT - ~-CATTAGTGAT-TTG-----——---~- CTTAATTGCA-----------~ C
Cvi  mm e GAAACAAGGTTTCC-G-TAGGTGAAC-TGCGGAAGGAT - -CATTAGTGAT -TTG-~~--—----— CTTAATTGCA=~-~-~----~-~ E
CIIN e TTCG-G-TAGGTGAAC -TGCGCAAGCAT - ~CAGTAGAGAA-TAT -~ —————————-—~-=-- PGE--——-——=—===~~-
Crng  mmmmmm e mmmmmmmm e GTTCN-G-TAGGTGAAC-TGCGGAAGGAT-~CAGTAGAGAA-TAC-—————--—————=-- TGEG--—--——=====~~
Tbe e TTCC-G-TATGTGTACCTGCGGAAGGAT - ~CATTAGTGAA-T-—~-——————————————- e o
Cha = e TTCNTAACAAGGTTTCC-G-TAGGTGAACCTGCGGAAGGAT - ~CATTAMAATA-CT---—-———————————- U
clu  mmmmmee—— TTCTCCGTTTGEAGTAAAAGTCGNAACAAGGTTTCT -G~ TAGGTGAAC -TGCGGAAGGAT - ~CATT? AR TTAT~~—=———===—=—=
Ckr  mmmmmmmmmmeee e CATTAAAGTTCAACGAGGTCTTCT-G-TAGGTGAAC-TGCGGAAGGAT - - CATTACTGTG-AT -~ ———— === mm—mm TTAG-=—-—=—=—=====
1ICKE e TCC-G-TAGGTGAACCTGCGGAAGGAT - ~CATTAGTGTG-AT -~~~ ~==—=======o- TTAG-—————m e
Cno e TAAGTCANA--AGGTTTCCC-G-TAGGTGAACCTGCGGAAGGAT - - CATTAQTGTG-AT -~ === === === === TTAAA-—--=—=======
Cke GTGAAC-TGCGGAAGGATCATTAGAGATTATGAATGAATAGATTGC - - ~TGEGGEAATCGTCTGAACAAGGCCTGCGOTTAA - TTGCGCGGCCAGTTCTTGATTCTCTGCTATCAGTTTT
1Cke - —GRAACCTGCGGAAGGATCATTAAAGATTATGAGTGAATAGATTAC - - - TGGGGGAATCGTCTGAACAAGGCCTGCGATTAA - TTGCGCEENCACTTCTTGATTCTCTGCTATCAGTTTT
Sce CCTGCGCTTAAGTGCGCGGTCTTGCTAGGCTTGCAAGTTTCTTTCTTGCTATTCCAAACAGTGAGAGATT - - - ~TCTATGTT -TTTCTT - - ATAGGAC - ~AATCAAAACCGTTTCAATAC
cgl e TAATTTCAAGGGTCNTTTCA-G-TAGGTGANC-TGCGGAAGGA - - -CATTANRGAAATTTAATTGATTTGTCTGAGCTCGGAGAGAGACATCTC
10gl e TCC-G-TAGGTGAACCTGCGGAAGGAT - -CATTAARGAA - ~TGGCTTGATTTGTCTGAGCTCGGAGAGAGACATCTC

18S rRNA

|
|
E
g ITS1
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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

Cgu CTTACA--CACAGTGTCTTTTTGATACAGAACTCTT-GCT-TTGGTTTGG- - - -CCTAGAGATAGGTTGGGCCAGAGGTT --TAACAAA---ACACAATTTAATT - - -ATT----— TTTA
1Cgu CTTACA--CACAGTGTCTTTTTGATACAGAACTCTT-GCT-TTGGTTTGG- -~ -CCTAGAGATAGCGTTGGGCCAGAGGTT--TAACAAA---ACACAATTTAATT---ATT-- - -~ TTTA
Cfa CTTACA--CAACGTGT-TTTTTTATTATGAACTATT -ACT-TTGGTCTGG~~--CTAAGAAATTAGTTGGGCCAGAGGTG--ATTTAAA- - -CTTCAATTTTATTGA-ATTGTTATTTTA
Cpa CTTACA--CAT-GTGTTTTTCTTTTTTTGAAAACTTTGCT-TTGGTAGGC - - - -CTTCTATATGGGGCCTGCCAGAGATT --AAACTCA- - -ACCAAATTTTATT -~~~ - - ~-~——— T-A
1Cpa CTTACA--CAT-GTGTTTTTCNTTTATTGTAANCTTTGCT-TTGGTAGGC - - - -CTTCTATATGGGGCCTGCCAGAGATT - -ANACTCA-- -ACCAAATTTTATT - - - - - - - - —— - - T-A
17640 --——CA--CAT-GTGT-TTTTCTTTGAARACAAACTT-GCT-TTGGCGGTG~~~~GGCC-CAG--CCTGCCGCCAGAGGTC-TAAACTTAC-AACCA-ATTTTTTA- - - - - - —-—-——— TCA
12716 --—-CA-~-CAT-GTGT-TTTTCTTTCAAACRAACTT -GCT-TTGGCGGTG----GGCC-CAG--CCTGCCGCCAGAGGTC-TAAACTTAC-AACCA-ATTTTTTA-— - - — - - - - ——— TCA
17484 ~---CA--CAT-GTGT-TTTTCTTTGAAACAAACTT-GCT~-TTGGCGGTG----GGCC-CAG--CCTGCCGCCAGAGGTC-TAAACTTAC-AACCA-ATTTTTTA- -~ ————————— TCA
18527 ----CA--CAT-GTGT-TTTTCTTTGAAACAMACTT-GCT-TTGGCGGTG- - --GGCC-CAG--CCTGCCGCCAGAGGTC-TAAACTTAC-AACCA-ATTTTTTA- - - ————————— TCA
Cal ----CA--CAT-GTGT~-TTTTCTTTGAAACAAACTT-GCT-TTGGCGGTG- - - -GGCC-CAG~-CCTGCCGCCAGAGGTC-TAAACTTAC-AACCA-ATTTTTTA- - - - - - ———-——— TCA
1Cal ----CA--CAT-GTGT-TTTTCTTTGAAACAAACTT-GCT-TTGGCGGTG----GGCC-CAG--CCTGCCGCCAGAGGTC-TAAACTTAC-AACCA-ATTTTTTA-—-——-—-———— TCA
Cdu --—-~-CA--CAT-GTGT-TTTGTTCTGGA-CAAACTT~GCT -TTGGCGGTG----GGCCCCTG--CCTGCCGCCAGAGGACATAAACTTAC-AACCAAATTTTTTA- - - -~ -~ ————— TAA
15526 ----CA--CAT-GTGT-TTTGTTCTGGA-CAAACTT-GCT -TTGGCGGTG-~~-GGCCCCTG--CCTGCCGCCAGAGGACATAAACTTAC-AACCAAATTTTTTA- - - - - - ——~-—~ TAA
1Cst ----CN--CAT-GTNN-TTTGTTTTGGG-CGAACTT-GCT-TTGGCGGTG- - --GGCCTCTA--CCTGCCTCCAGAGGACATANACTNAC-AGCCAGATTTTTTA- - - -——-—————— TAA
Ctr ----CA--CAT-GTGT-TTTTTATTGAA--CAAATT-TCT-TTGGTGGCG-~~~GGAGCAA--TCCTACCGCCAGAGGTT-ATAACTAA- --ACCAAACTTTTTA- -~ --—~~---—— TTT
1Ctr ----CA--CAT-GTGT-TTTTTATTGAA--CAAATT-TCT-TTGGTGGCG----GGAGCAA--TCCTACCGCCAGAGGTT-ATAACTAA---ACCAAACTTTTTA-—————-—-———— TTT
Cvi -~~--CA--CAT-GTGT-TTTTTACTGGA--CAGCTG--CT-TTGGCGGTG- - --GGGACTCGTTTCCGCCGCCAGAGGTC-ACAACTAA---ACCAARACTTTTTA-——————————— TTA
Crrm 0 --=-- A--CTT--TGGTCCATTTATCTACCCATCTACACC-TGTGAACTG----TTTATGTG---CTTCGGCACGTT--T-TACACAAAC-TTCTAAATGTAATG--—-—-———————- A
¢rng = --=-= G-~CTT--CGGTCCATTTATCTACCCATCTACACC-TGTGAACTG~~~-~-TTTATGTG~--~-CTTCGGCACGTT--T-TACACAAAC-TTCTAAATGTAATG-----———-——-—-~ A
™e  --=-== T--CTC--TGAGCGTTAACTACATCCATCTACACC-TGTGAACTG----TTGATTGA---CTTCGGTCAATTGAT -TTTACAAAC-AT---TGTGTAATG-----——-——--——— A
Cha @ memmemmmmmmmmm—ee— - AAA-A--CTTTGT------ TTTGAAT------ TAAAAGCAACCACCGTTAAGTTC-------------- A----AAAATCT--------—=--~—-~—-
Clu = mmmmmmmmm - ACACA--CTGTTT------ TTGCGAA------ CAAAAAAATARATCTTTTA-TTC-------—-—---—-- G----AATTTCT---------———-----
kA = 00 —————————-E S = TACTACA--CTGCGT------ GAGCGGA~----~- ACGAAAACAACAACACCTARAATG-T-GGAATATA---GC-ATATAGTCGA--~~—-—-—--——— CaA
1Ckr  mmmmmm - TACTACA--CTGCGT------ GAGCGGA----- ACGAANACAACAACACCTAAAATG-T-GGAATATA---GC-ATATAGTCGA---—--————-—-—- CA
thro @ —-=-==-- ChT==- & -= CTTTCTTACA--CCGCGT------ GAGCGCAC----AACAACACCTAAACACGAATAACCAT-GTCACCCA---G--AGAAAATCT--—--—-—-—--——--- CA
Cke CTATTT--CTCATCCTAAACACAATGGAGATTTTTTCTCT -ATGAACTACTTCCCTGGAGAGCTCGTCTCTCCAGTGGACATAAACACA--AACAATATTTTGTATT-ATGAA-———— AR
1Cke CTATTT--CTCATCCTAAACACAATGGAG-TTTNNTCTCT-ATGAACTACTTCCCTGGAGAGCTCGTCTCTCCAGNGGACATAAACACA--AACAATATTTNGTATT -ATGAA---—— AR
Sce AACACA--CTGTGGRGTTTTTATATCTTTGCAACTTTTTC~-TTTGGGCTG- - - -TCGAGCAATCGGAGCCCAGAGGTAACAARACACAAAC-AATTTTATTTATTCATTARATTTTTGTCA
Cgl TGGGGAGGACCAGTGTAGACACTCAGGAGGCTCCTAAAATATTTTCTCTGCTGTGAATGCTATTTCTCCTGCCTGCGCTTAAGTGCGCGGTTGCTGGGTGTTCTGCAGTGGGGGGAGGGA
1Cgl TGGGGAGGACCAGTGTAGACACTCAGGAGGCTCCTAAAATATTTTCTCTGCTGTGAATGCTATTTCTCCTGCCTGCGCTTAAGTGCGCGETTGGTGGGTGTTCTGCAGTGGGGGGAGGGA
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Table 3.51c; CLUSTAL X (1.64b) multiple sequence alignment of the 5.8S rRNA gene and flanking I'TS1 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., 227

Cgu -CAGTTAGTCAAATT----- TTGAATT-----— AATCTTC- ~=~ACTPTTC-AACAACGGATOTE TTGCTTCTCGCATCGATGAAGAACECAGCGAAATGCCGATAAGTAATATCAATT
1Cgu -CAGTTAGTCAAATT----~ TTGAATT--———-— AATCTTC- ———ACTTTC—h&ChﬂQGGATCTCTTGGTTCTCGCATCGATG&AGﬁACGCAGCGAAATGCGATAAGT&ATETGAATT
Cfa -ATTTTTGTCAATTTGTTGATTAAATTCAAAACAATCTTC - AR - --ACTTTC - AACAACCGATCTC T TCCTTCTCGCATCGATGAAGAACGCAGCHARATCCGATAAGTAATATGAATT
Cpa -ATGTCAACCGATT-----——-~ ATTT---—-- AATAGTC-HAA--—ACTTTC- -ARCARACGGATCTETTGGTICTCGCATCGATGAARCGAACCCAGCGARATGCGATAAGTAATATGAATT
1Cpa -ATGTCACCCGATT----—-—--— ATTT------ AATAGTC-ARA---ACTTTC- AACAACGGAJtﬂTHTGGTTCTCﬁCQHTGQTGAAGQAC?CABCGAaPTGCGAT%AGTRATATGARTT
17640 -ACTT--GTCACACC- - - AGATTATTACTT - - -AATAGTC-AAA - - - ACPTTC-AACARCGEATCTCTTGCTICTCGCATCGATCARGARCGCAGCBAAATGCGATACCTAATATGARTT
12716 ~ACTT--GTCACACC--—-AGATTATTACT - - - —AATAGTC-AAA~-~ACHTTC A&CAACGGATCTCTTGGTTCTCGC&TCGATFAAGaACGCAFCGAAATGFuATACGTaATATGAATT
17484 -ACTT--GTCACACC---AGATTATTACT ----AATAGTC- | --=ACPTTC- A&CAACGGATCTCTTGGTTCTCGCATCGATGAAGHACGCAGCGAAA?CCJATACCTHATPTGAATT
18527 -ACTT--GTCACACC---AGATTATTACT ----AATAGTC- AﬁA—--ACTTTC RaCRAGGGATCTETTGGTTCTCGCATCGATGAAPRACGCAGCGAA&TCCGETACGTRATETGAATT
cal ~ACTT--GTCACACC---AGATTATTACTT- - -AATAGTC-MAA--~ACTTTC- ARCARCCCATCTETTGETTCTCSCATCGATGAAGAACGCAGCGAARTGCGATACCTAATATGARTT
1Cal -ACTT--GTCACACC---AGATTATTACT----AATAGTC- AﬁA—--ACTTTC AA”RACGGATCTCTTGGTTCTC”CRTCGAT”AagLACGCRGCGAAAT”CGATACGTAAT@TPAATT
Cdu -ACTT--GTCACG----- AGATTATTTTT----AATAGTC-ARA---ACTTTC-AACAACGGATUTCTTGGTICTCGCATCGATGAAGAACGCAGCUAAATCUCGATACCTAATATGAATT
15526 -ACTT--GTCACG----- AGATTATTTTT----AATAGTC-ARA---ACTTTC- AﬁCAhcGGATCTCTTGGTTCTCGCATCGATGAAuhACGCAGCGAART’CGPTACGTAATATGAAT?
1Cst -ACTT--GTCACN----- AGATTATTTTT————AATAGTCCNhA———ACTTTC ARCAACGGATCIC T TGETICTCGCATCEATGAAGAACACAGCGAARTCCGATACCTAATATGAATT
Ctr -ACA---GTCAAACT~---TGATTTATTATTA-CAATAGTC I ---ACTTTC AKCAACGG%TCTCTTGGTT»TCGCETCG&TGAAGBACGCAGCGAAATCCGATACCT&ATATGAATT
1Ctr —ACA———GTCAAACT———TGATNTATTATTA—CAATAGTC—2&2———ACTTTC AaCEACuGATPTCTTGGTTCTCGCAnCGA1GAAG&ACG”AGCGRAAT’CFAEACCTAATATGAATT
Ccvi -CCA---GTCAACCA-~--TACGTTTT------- AATAGTC—AﬁA———ACTTTC ~ARCAACGGATUTCTTGETTCTCGCATCGATGAMAGAACGCAGCGAARATGCGATACCTAGTATGAATT
Crnn -ATG----TAATCAT----- ATTATAAC----- AATAAT--AAA---BCITTC-AACARCGGATOTETTGGC T TCOACATCGATGARGAACGCAGBCGAARTCCEATAAGTAATGTGAATT
Crng -ATG----TAATCTT----- ATTATAAC-----— AATAAT--ARA---ACTTTC- AHCAACGGATCTCTTGGCTTCCAC&TCGATGAAuAACuCnGCGAAATCCGATAAGT&ATuTGAATT
Tbe -ACG----TCATGTT----- ATTATAAC----- AAAAAT--Al----- ACTTTC-AACAACGGATOTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATCCGATAAGTAATGTGAATT
Cha = @ mmmmmmmmmmmmmm————— - ANl == ————— A\ S C ~---ACTTTC-AACAACGCATCTCTTGETTCTEGCATCGATGARGAACHCACCUAATTGCCATACGTASTATEACTT
Clu ———————— e - = - TAA - - ——— TA===TC 2Fi~——ACTTTC—AhCABCGGATCTCTTGGTTCTCGC&TCGA?GAAGRACGCAGCGAATTGCGATACGTAGTRTGAC?T
Ckr -AGA---GAAATCT---——— ACGAAA===———— AACAAAC- --=ACTTTC-AACAACGGATCTOTTGGTTCTUGCATCGATGAAGAGCECAGCEARATCGCGATACCTACTCTGAATT
1Ckr -AGA=--GAAATCT=====— ACGANA======= AACANAC- ———ACTT”CTARCAACuGATCTCTTGGTTCTCaCATCGPTGAnuARCGCAGCGAAATcrcamACCTAGTCT”AAT?
Cno -BAC-~--GAGAAGA-====— ADGAAA=====—m AR-AAAC- AFA———ACTTTC -AACAACGGAT IO TTGGTICTEGCATCGATGAACAGCOCABCEARATCOGATACCTAGTCTGARTY
Cke -ACTATTATTATACT----- ATAAAATTT----AATATTC-ARA---ACTTTC-AACAACGCATCICTTGCTTCTCGCATCCATGARCAACECAGCCAATTCCCATATCTATTCTGARTT
1Cke -ACTATT---ATACT----- ATAAAATTT- ~--AATATAC-ARAA- --ACTTCC AACAAEGGATCTCTTGGTTCTCGC&TCGATGAAuAACGCAGCGAATTGCGATATCTRTTGTGAATT
Sce ~-AAAACAAGAATTTTCGTAACTGGAAATTTTAARAATATT - --ACTTTC-ARCARCGCATCTCTTGETICTCGCATCGATGAAGAACGC AGCGARATGCGATACCTAATGTGARTT
Cgl GCCGACAAAGACCTGGGAGTGTGCGTEEATCTCTCTATTCC GGAGGTGTTTTATCACACCGANTOGACACTTTOTAATTACTACACACAGTGEAGT-TTACTTTAC-TACTATTCTTT
1Cgl GCCGACAAAGACCTGGGAGTGTGCGTGGATCTCTCTATTCC GGAGGTGTTTTQTCQCTCGAQTC ACACTTTCTAATTACTACACACAGTGGAGT TTACNTTNC TA”TPTTCTTT

' * * * * L] - * & - * - - - - *  x * *HFx Kk K * *

|

I
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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.

sequences. The identities of the isolates assessed is within Table 3.50 p., 227

Highlighted areas are homologous regions across all aligned

Cgu
1Cgu
Cfa
Cpa
1Cpa
17640
12716
17484
18527
Cal
1Cal
Cdu
15526
1Cst
Ctr
1Ctr
Cvi
Crnn
Crng
The
Cha
Clu
Ckr
1Ckr
Cno
Cke
1Cke
Sce
Cgl
1Cgl

GCAGATTTTCETGARTCATCCAATCTTTG-AACECACATTGEGECCTC TR TATTECAGAGGGCATGCCIGT M IGAGCGTCATTT
GCAGATTTTCETGAATCATCCAATCTTTIC NRCGCBCATTGCGCCCNCTGGTRTTCCAGAGGGGLTGCCTG??TGGGCGTCANNd

CTCTCTCAAACCCCC - - -GGGTTTGGTAT--TG--
CTCTCTCARACCCCC---GGGTTTGGTAN--TG-—

GCAGATTTTCETEAATCATCCAATCTTTC- AACGC&CATTGCACCCTCTGGT&TTCCAGAGGGTRTGCCTGTTTGAGCGTCATAﬁFTCTCTCAAACCCT”‘——GGGTTTGGTAT——TG——

GCAGATATTCETGAATCATCGAATCTITG-AACGCACATTGOGECCTTTEETATTCCAARGGGCATGCCTCITIGAGCGTCATTT

TCCCTCAMACCCTC---GGGTTTGGTGT--TG- -

GCAGATATTCGTG&ATCATCGA&TCTTTG -AACGCACATTCOCACCTTTEATAT TECAAAGGGCATGCCTEMTYGAGCETCATTIICTCCCTCAARCCCTC - - -GGETTTGCTGT - - TG- -

GCAGATATTCETEAATCATCGARTCTTTG- AACGCACATTGCuCCCTCTGGT&TTCCGG%GGGC&TGCCTGTTTGA&LhLhhxLl

TCCCTCAAMCCGCT---GGGTTTGCGTGT--TG--

GCAGATATTCGTGAATCATCGAATCTITG AACGCACATTGCGCCCTCTGGTATTCCGGAGGGCBTGCCTGTTTGAGCGTCGTTTCTCCCTCAAACCGCT-——GGGTTTGGTGT——TG——

GCAGATATTCETGARTCATCGAATCTITG-AACHCACATTGCCECCTCTEETAT TECGGAGGGCATGCCTGTTTGAGCGTCCTTT,
GCAGATATTCOTGAATCATCGARTCTITG-ARCGCACATTCEGHCCTC TR TAT TECGEAGEGCATGCCTC I TGAGCGTCETTT,
GCAGATATTCETEAATCATCGAATCTTTG-AACECACATTGLCECCTCTEETATTCCGGAGGECATGCCTGITTGAGCGTCGTTT,
GCAGATATTCETGAATCATCGAATCTTIG-AACECACATTGEGLCCTCTRETATTLCGGAGGGCATGCCIGTITGAGCGTCETTT

CTCCCTCAMACCELT---GGGTTTGETGT--TG-~
CTCCCTCAAACCGCT---GGGTTTGGTGT--TG--
CTCCCTCAAACCGCT---GGGTTTGGT-T--TG--
CTCCCTCAAACCGCT---GGGTTTGGTGT--T--—

GCAGATATTCATRAATCATOGAATC TG -AACECACATTGEGECCTCTAETAT T CGGAGEECATECCTCTTTGAGCGTCATTTC TCCCTCAAACCCCTA - -GGGTTTGGTGT - - TG- -
GCAGATATTCGTGAATCATUGAATCTTTG-AACECACATTGEGECCTCTER TATTOCGGAGGGCATGCCTGTITGAGCGTCGT T TCCCTCARACCCCTA--GGGTTTGGTGT - - TG -

GCAGATATTCGTG&BTCATCGAATCTTTG - ARCHCACATIGHGHCCTCTEATAT THCCEAGEECATECCTC MM TCAGCETCETTT

TCCCTCAAACCCCTA--GGGTTTGGTGT--TG-—-

GCAGATATTCGTGAATCATCGAATCTITG- AAC@CACATTGCGCCCTTTGGThTTCCAAAGGGCRTGCCTGTTTG&GCGTChTTTCTCCCTCAAACCCCC———GGGTTTGGTGT——TG——
GCAGATATTCGTG&ATCATCGAATCTTTG AACGCACATTGCCCCCTTT@GTHTTCCAAhGGGNATGCCTGTTTGhGCGTChTTTCTCCCCCAAACCCCC———GGGTTTGGTGT~4TG-—

GCAGATATTCGTGKRTCATCGAATCTTTG AACGCACATTGCGCCCTTTGGTLTTWCAAAGGGCATGCCTGTTTGhGCGTCRTTTCTCCCTCAAGCCCGC———GGGTTTGGTGT—~TG——

GCAGAATTCAGTGAATCATCGAGICTITG- AACGCAACTTGEGCCCTTTGGT&TTCCGAAGGGCATGCCTGTTTGAGAGTCATGRAAA

TCTCAATCCCTC---GGGTTTTATTACCTG--

GCAGARTTCAGTEAATCATOCACTCTIG - AACECARCTTGECECCTTTEATATTECEARGGECATCCC TGP TGAGAGTCATGARAATCTCAATCCCTC - - ~GGGTTTTATTACCTG - -
GCAGRATTCAGTGAATCATCGAATCTITG - AACGCARCTTCEGETCTCTEETATTECGGAGAGCATGCCTCT I TGAGTATCATGARA - TCTCAACCATTA - —~GGGTTTCTTAA -~~~ - -
GCAG- - --ACATEAATCATCGAATC TTTG-AACECATATPGCGECTTGGAECATTOCCCARGGCATGCCTGTITGAGCGTGATATICT = TCTC -~~~ ——m——— - —mmmmmm oo ==
GCAG----ACGTGARTCATCGAATCTTTG- -AACGCACATTIGEGECTCGAGECAT TECTCGAGGCATECC TP TTGAGCGTCGCATEC ~COTCTA — —— mm——m— - —— < —m e e ——
GCAGCCA-TCATEARTCATCCAGTTCTIG-AACGCACATTGEGOCCCTCAGCATTOCGEEGEECATGCCTE P ITGAGCETCOTTTICCATCTTGCGCGTGCGCAGAGTTGGGGGAGCGG - -

GCAGCCA-TCGTEARTCATCGAGTTCTTCE-ARCECACATICCCUCCCTCERCATTCCGGGEEGGCATGCCTGTTTGAGCGTCGTTT]
GCAGCCA- TCGTGAETCATCGAGTTCTTG AhCGCACATﬂGCGCCCTCCGGC&TTCuGGGGGGCATGCCTGTTTGAGCGTCGTTT
GCAGATTTTCGTEAARTCATCAAATCTITG-AACECACATTGEGECCTCTEETAT TCCAGGGEGCATGCCTCEPTGAGCGTCATTT
GCAGATNT-CETGAATCATCAAATCTTTGGAACGCACATTGEGCCCTCTEGTATTECAGGEEECATGCCTECITTGAGCGTCATTT
GCAGAATTCCETGAATCATCCAATCTTTG- AACGCACQT*GCGCCCCTTGGTRTTGCAGGGGGCMTGCCTGTTTGAGCGTCRTTT
TGTTCGTTGEAGEAACGCTC - -~ TCTTTCGCGEEGEAGTT -CTECCAGTEG - ATGUAAACACAAACARATATTITTTTAAACT

CCATCTTGCGCGTGCGCAGAGTTGGGGGAGCGG- -
CCTTCTTGCGCAAGC - -AGAGTTGGGGTTGCC-- -
[CTCTCTCAARACCTTT - - -GGGTTTGGTAGTGAGTG
CTCTCTCAAACCTTT - - ~-GGGTTTGGTAGTGAGTG
CCTTCTCAAACATTCTETTTEETAGTGAGTGATAC
TTCAGTCAACACARGATTTCTTTTAGTAGAARACA

TGTTCGTTGGGGG&&AGCTC-—-TCTTTCGGGAQGGAGTT -QTCCCAGTEG- hTNCRCACACNARCAAAT&TTTTTTTNAAATAﬁ CAGTCAACACARGATTTCTTTTAGTAGAAAACA

kW k *x * * k% * * ** * Kk Kk * k kK

5.8S rRNA
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Table.3.51e; 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 region:

sequences. The identities of the isolates assessed is within Table 3.50 p., 227

s across all aligned

Cgu
1Cgu
Cfa
Cpa
1Cpa
17640
12716
17484
18527
Cal
1cal
Cdu
15526
1Cst
Ctr
1Ctr
Cvi
Crnn
Crng
The
Cha
Clu
Ckr
1Ckr
Cno
Cke
1Cke
Sce
Cgl
1Cgl

--A--GTGATACTCTTAGTC-GGACTAGGCGTTTGCTTGAAAA - ~GTATTGGCATGGGTAGTACTG-GATAGTGCTGTC - -GACCT - -~ ~ - - crc-
--A--GTGANACTCTTAGTC-GGACTAGGCGTTTGCTTGAAAA - -NTATTGTCATGGGTAGTACTA-GATAGTGCTGTC - ~GACCT -~~~ - cre-
--A--GTGATACTCTTAGTC-GAACTAGGCGTTTGCTTGAAAT - - ATATTGGCACGAGTAGTGTTG-AACAGTGTTGTC - ~TGAAC- -~~~ - ATC-
~~A--GCGATACGCT-—-====-=-=====- GGGTTTGCTTGAAA-——-———- GAAAGGCGGAGTAT -~ ~~AAACT -~ — == === ==~== === ===
~-A--GCGATACGCT--========-=~~ GGGTTTGCTTGARA---————— GARAGGCGGAGTAT -~ ~~AAACT -~ === === === === —————————
~~BA-GCAATACGACT---==-===~~ TGGGTTTGCTTGARAG--AC---GGTAGTGGTA- - AGGC-GGGATCGCTTT- - ~GA-———————— - c-
—-A--GCAATACGACT---======~~ TGGGTTTGCTTGAAAG-~AC--~GGTAGTGGTA - -AGGC~GGGATCGCTTT -~ -GAA-————————— c-
--A--GCAATACGACT -~ --~-=-=-=-=~ TGGGTTTGCTTGAAAG--AC~--GGTAGTGGTA- ~AGGC-GGGATCGCTTT- - -GA-—————————~- c-
-~A--GCAATACGACT--=-—-----—— TGGETTTGCTTGAAAG- -AC- -~GGTAGTGGTA - ~AGGC-GGGATCGCTTT——-GA-——————-——— c-
~~A--GCAATACGACT-~-=------~~ TGGGTTTGCTTGARAG- -AC- - -GGTAGTGGTA- ~AGGC-GGGATCGCTTT-—~GA-——————-——— c-
--A--GCAATACGACT-——~=-=---=-— TGEGTTTGCTTGAAAG- ~AC- - -GGTAGTGGTA - ~AGGC-GGGATCGCTTT -~ ~GA-~————————— c-
~-A--GCAATACGACT----—-~-~---~~ TGGGTTTGCTTGAAAG--AT- - ~-GATAGTGGTATAAGGC-GGAGATGCTT -~ —~GA-—————————— c-
--BA--GCAATACGACT------===-= TGGGTTTGCTTGARAG--AT- - -GATAGTGGTATAAGGC -GGAGATGCTT- -~ ~GA-~—-——-—-—~- c-
~-A--GCAATACGACT-----====~~ TGGGTTTGCTTGARAG--AT-~-GATAGTGGTA - ~AGGC-GGAGATGCTT -~ —-GA-—————~= ==~ c-
--A--GCAATACGC---====-=-=-=-=-~=~ TAGGTTTGTTTGARAG--AA-~~TTTAA-CGT~-~-~G-~~GAAACTTATTT-~-TA------------~-
—~A--GCAANACCC=~====n====== TAGGTTTGTTTGAAAG--AA-~~TTTA--CGT-~--G---GAAACTTATTT---TA-——-————--—=~=
--A--GCAATACGC----==—=~===== CAGGTTTGTTTGAAAG--AC--~GT-A--CGT----G---GAGACT -ATAT--~TA-----------—-
- -TT-GGACTTGGATTTG- - -GGTGTTTGCCGCGACCTGCAAAGGACGTCGECTCGCCTTARATGT -GTTAGTGGGAAGGTGATTA- - — - - - ceT-
- - TT-GGACTTGGATTTG- - -GGTGTTTGCCGCGACCTGCARAAGGACGTCGGCTCGCCTTAAATGT -GTTAGTGGGAAGETGATTA- ~— ——— ccT-
- -T-GGA-TTGGATTTG- - ~GGCGCTGCCAGTAGCCTG-————==-==-~ GCTCGCCTTAAAAGA-GTTAGCGTGTT--——- TAA------ CTT-
——————— ACCGTTGGT -~ - -----==---GGATTTGTTTCT -~~~ ~~—=--=-AAAT~~~—-~——====-~-ATCATGCCA----—-----=-=--C-
——————— ACCCCCGGTTA- - - ————---GGCGTTGCTCCG-~~———===--AAAT~~—~—===~—~-—---ATCAA-CCG--—-——--~-------C~-
- -AGCGGACGACGTGTAAAGAGCGTCGGAGCTGCGACTCGCCT - —————— GAAAGGGAG------ C-GA-AGCTAGCC-———========---= G-
- - AGCGGACGACGTGTAAAGAGCGTCGGAGCTGCGACTCGCCT - ———— - - GAAAGGGAG-----~- C-GA-AGCTGGCC-—-—--=========~= G-
——————— ACGGCCCGT- - - - -GCGGCCTGTGTGTGGCTCCCCC - - - - - ~GAAACGGAA- - - - - -C-GGCAGCGGGACT - - —— - - = === === = =G~

ATACTCGTCTCGGGTTAACTTGAAAGTGGCTAGCCGTTGCCATCTGCGTGAGCAGGGCTGCGTGTC-AAGTCTATGGACTCGACTCTTGCACATC -
ATACTCGTCTCGGGTTNACTTGARAGTGGCTAGCCGTTGCCATCTGCGTGAGCAGGGCTGCGTGTC-GAGTCTATGGACTCGACTCTTGCACATC -

AATGTATTAGGTTTATCCAACT-C
AATGTATTAGGTTTATCCAACT-C
AATGTATTAGGTTTATCCAACT-C
AATGGAT-AGGTTTTTTCCACT-C
AATGGAT-AGGTTTTTTCCACT-C
AATGGCTTAGGTCTAACCAAAAAC
AATGGCTTAGGTCTAACCAAAAAC
AATGGCTTAGGTCTAACCAAAAAC
AATGGCTTAGGTCTAACCAAARAC
AATGG-TTAGGTCTAACCAAAAAC
AATGGCTTAGGTCTAACCAAAAAC
AATGGCTTAGGTGTAACCAARAAC
AATGGCTTAGGTGTAACCAAAAAC
AATGGCTTAGGTGTAACCAAAAAC
AGCGACTTAGGTTTATCCAAAAAC
AGCGACTTAGGTTTANCCAAAA-C
-GCGACTTAGGTTCTACCAAAA-C
GTCAGCCC-GGCGTAATAAGTTTC
GTCAGCCC-GGCGTAATAAGTTTC

TACGTCTTAGGTTTGCGCCAATTC
TACGTCTTAGGTTTGCGCCAATTC

TCTTTGGAGTTAACTTGAAA-TTGCTGGCCTTTTCATTGGATGTTTTTTTTCCAAAGAGAGGTTTCTCTGCGTGCTTGAGGTATAATGCAAGTACGGTCGTATTAGGTTTTACCAACTGC

--ACTTCAAAACTTTCAACAATGGATCTCTTGGTTCTCGCATC - -GATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCAGAATTCCGT!
~—ACTTCAAAACTTTCAACAATGGATCTCTTGG--CTCGCATC--GATGAAGAACGCAG - === = m e m s e e e o e

GAATCATCGAATCTTTGAACGCAC

ITS2
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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 Candida and related genera. Highlighted areas are

sequences. The identities of the isolates assessed is within Table 3.50 p., 227

homologous regions across all aligned

Cgu GTT----GAATGGTGTGGCGGGATATTT-==-~======—————— =~ CTGGTATTGTTGGCCCGGCCTTACAACAACCAAACA-—————————— AGCT&GACCTCAAATC—AGGTAGGAAT
1Cgu GNT----GAATGGTGTGGCGGGATATTT-----——=—=—=——————— CTGGTATTGTTGACCCGGCCTTACAACAACCAAACA--————————— AGTﬂTGACCTCAAATC—AGGNAGGAAT
Cfa GTT----GATACAGGTGGTACGATTCTT-~———————————————— C----ATT--AGGCTTTGCCTTATAAAACACAAACA-—-=-=-—~-—=—— AGTTITGACCTCAAATCCAGGTAGGATT
Cpa ATT----GGTACAAACTCCA--AAACTT--—--————-————————— C————- T == CCAAA----——————————— TTFGACCTCAAATC—AGGTAGGACT
1Cpa ATT----GGTACAAACTCCA--AAACTT———=——= ===~ —mmm E==__E B e R e CCAAA---———————————— TTICGACCTCAAATC-AGGTAGGCCT
17640 ATT----GCTT---GCGG-CGGTAGCGT----—————=—-—————— CTACCACGTAT------ ATCTTC----A----AAC--——-----————— TTIGACCTCAAATC-AGGTAGGA-T
12716 ATT----GCTT---GCGG-CGGTAACGT----—-—-———————————— CTACCACGTAT------ ATCTTC----A---~-AAC--~-=---===----- NG o o e e e
17484 ATT----GCTT---GCGG-CGGTAACGT —---—=-=——==——=———— CCACCACGTAT------ ATCTTC----A----AAC-—-——--———————— TT&GACCTCAAATC—AGGTAGGACT
18527 ATT----GCTT---GCGG-CGGTAACGT---———————==—————— CTACCACGTAT--~---- ATCTTC----A----AAC-—————=~=—==-—-—— TTITGACCTCAAATC-AGGTAGGACT
Cal ATT----GCTT---GCGG~-CGGTAACGT---—-—-———————————-—— CCACCACGTAT------ ATCTTC----A----AAC----—-—--—-—--——- TTITGACCTCAAATC-AGGTAGGA-T
1Cal ATT----GCTT---GCGG-CGGTAACGT——--——~—~=—~—=———— CCACCACGTAT--—--~— ATCTTC----A----AAC-—--——————————— TTIGACCTCAAATC-AGGTAGGACT
Cdu ATT----GCTAA-GGCGGTCTCTGGCGT-----—~-——=————————— CGCCCATTTTA------ TTCTTC----A----AAC--———————————~ TTIGACCTCAAATC-AGGTAGGAST
15526 ATT----GCTAA-GGCGGTCTCTGGCGT~-=--—==========——— CGCCCATTTTA------ TTCTTC----A----AAC~-~-—~-v—-—m—m—— TTITGACCTCAAATC-AGGTATTACT
1Cst ATT----GCTAA-GGCGGTCTCTGGCGT-~-=-~-—=~——~—~—=——— CGCCCATTTTA-——-~--— T T e (6 L | TTHIGACCTCAAATC - AGGTAGGACT
Ger e GCTTA-TTTTGCTAGTGGCCA--———————————=——-——— CCACAATTTAT------ LA e ANCE-EE= - E == TTTGACCTCAAATC-AGGTAGGACT
1Cctr  mmm——— GCTTA-TTTTGCTAGTGGCCA-———--————————————— CCACAATTTAT------ TTCAT-------——— AAC---——————————— TT%GACCTCAAATC—AGGTAGGACT
cvi  mmme— GCTTG-TGCAG-TCG-GCCCA--~=-=-=====—=————-—— CCACAGCTT--=--=---- TTCTA--—-————--- A CT S i i - TTTGACCTCAAATC-AGGTGTGACT
Crnn GCT----GGGCCTA--TGGGGTAGTCTT-~-—-~-——=—=———————— CGGCTTGCTGA----— TAACAACCATCTCTTTTT------———————— CTYIGACCTCAAATC-AGGTAGGGCT
Crng GCT----GGGCCTA--TGGGGTAGTCTT-———-———=————————— CGGCTTGCTGA----- TAACAACCATCTCTTTTTIT-----—--—-—-——-—— GTTII'GACCTCAAATC-AGGTAGGGCT
Tbe GCT----GGTGTTGACTTGAGAAGTGCG-—-—————————=————— CTTCTAATCGT----- CCTCGGACAATTCTTGAA-————————————— CTCTGGTCTCARATC-AGGTAGG-CT
¢cha - GCTT----- TEA=-—=-E-——-==3-F 3 == ==m- = EREET I -==t- —Ea==E = - B B = - BB TCC—L——CCTCAAATC—AGGTAGGACT
clu e GTTT----- ACAG---C---A-—-———————————————— CGACAT T - ————————mmm e m e CGC—----CCTCAAATC-AGGTAGGACT
Ckr AC-—-—- GCTT----- GGCGGCCGAGAG-—————==——————————~ CGAGTGTTGCGA----- GACAAC--------- AACA---——--—----- AGCTCGACCTCAACTC-AGGTAGGAAG
1Ckr AC--—--- GCTT----~ GGCGGCCGAGAG----=-=-=====~===——~ CGAGTGTTGCGA----- GACAAC-=-==-~=-=-~~ ARRRA~ =~ m - m—m— AGCTICGACCTCAAATC~AGGTAGGAAT
Cno e | CEIT=S=5 GGCC-CGCCGAA-—————————————————— CTTTTTTTTTTA----~ DR e e AGCTICGACCTCAAATC-AGGTAGGAAT
Cke GTGGTAAGCTTGGGTCATAGAGACTCATAGGTGTTATAAAGACTCGCTGGTGTTTGTCTCCTTGAGGCATACGGCTTTAACCAAAACTCTCAAAGTIGACCTCARATC-AGGTAGGAGT
1Cke GTGGTAAGCTTGGGTCATAGAGACTCATAGGTGTTATAAAGACTCGCTGETGTTTGTCTCCTTGAGGCATACGGCTTTAACCAAAACTC TCAAAGTTITGACCTCAAATC-AGCTACGA-T
Sce GGCTAATCTTTTTTGTACTGAGCGTATTGG— == ===~ AA-—=m——— CG——TTATCGATAAGAAGAGAGCCTNTAGGCGGACAATATTCTTATTAGNAhGACGCCAAATC ————— ATNNAA
Cgl ATTGCGCCCTCTGGTATTCCGGGGGGCATGCCTGTTTGAGCGTCATTTCCTTCTCAAACACATTGTGTTTGGTAGTGAGTGATACTCGTTTTTGAG#TAACTTGAAATTGTAGGCCATAT
] e e

ITS2

T

26S rRNA
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Table 3.51g; 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. Nucleotides in bold represent the reverse 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

Cgu
1Cgu
Cfa
Cpa
1Cpa
17640
12716
17484
18527
Cal
1Cal
Cdu
15526
1Cst
Ctr
1Ctr
Cvi
Crnn
Crng
The
Cha
Clu
Ckr
1Ckr
Cno
Cke
1Cke
Sce
Cgl
1Cgl

J:Nolololeolier:V:Naliiiy:V: | ——————— -
ANCCCCTCAACTTAAGCATATCAATAAGCGGAGGA— ————————————————m—m o ————
ACCCGCTGAACTTTATCCTATCCCAATAAGCCGGARAAGA-———————————~—————————
ACCCECTGARCTTA - — = = — = — o e
ACCCGCTGAACTTAAGCATATCAATAAGCCGAGGA— ————————————————————————
ACCCGCTGAACTTAAGCATATCAATARAGCAGAA - — ——————————==—=———————————
ACCCGCTGAACTTACT - - - —— = ——— —
ACCCGCTGAACTTAAGCATATCAATAAGCGGAAG— ——————===—=—==——————————————
ACCCGCTGAACT TAA - —————— e m
ACCCCCTCAACTTAAGCATATCAATAAGCGGAGGA - —————————————————————— —~
ACCCGYTGAACTTAAGCATATCAATAAGCGGAAAGA- ———————————————————————
AGCCCOTGAACTTACACCTTC -~ —————— —— ——— e
ACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA -~~~ —————————————~=——————
ACCCCCTGAACTTAA-——————————m———mmmmmm e e
ACCCGCTGAACTTAAGCATATCAATAAGCCGAGGA- ——————————————=——————————
ACCCGCTGAAC T TAANCA T -~~~ ——————— e e
ACCCGCTGAACT TAA - ——————————mmm
ACCCGCTGAACT TR == = = m m m e
ACCCECTGAACT TAA - — ———m e
ACCCGCTGAACTTAAGCATATCAATA  ———————————————————————m—————————
ACCCGCTGAACTTAAGCATATCAATAAGCGGAG-——————————————————~———————
ACCCCCTGAACTTAAGCATATCAATAAGCGCGAR-AG-—————————— ==~~~ —————————
ACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAGAACTTAAGCATATCAATAAGCGGA
ACCCGCTCGAACTTAAGCATATCAATAAGCGGA- ——————————————= === —————————
ACCCECTGAACTTAA =~ — == — —— — — — e
ACC OO T m m
ACCEGCm mm e
CAGTATGTGGGACACGAGCGCAAGCTTCTCTATTAATCTGCTGCTCGTTTGCGCGAGCGG

26S 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

Isolate 1 Isolate 2 Mismatches | Ambiguous bases | Sequence length compared
Cr. neoformans var neoformans | Cr. neoformans var gattii 5 1 536
C. kefyr C. kefyr 12 9 706
C. guilliermondii C. guilliermondii 8 11 588
C. parapsilosis C. parapsilosis 7 6 499
C. albicans C. albicans 17484 6 0 519
C. tropicalis C. tropicalis 3 5 506
C. glabrata C. glabrata 16 7 482
C. krusei C. krusei 12 1 510
C. dubliniensis C. dubliniensis 15526 14 2 527
C. albicans C. dubliniensis 47 2 544
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a
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0.1 substitutions/site

Figure 3.20a; Unrooted consensus tree of the phylogenetic relationships derived from
5.8S rRNA gene and ITS1 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

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 Candida isolates highlighted in Figure

3.20a (p., 236)

237



Sce

Clu

Cha

L
52 b 1Cg|

100

p— CNO

S
97 1Ckr

100

—— 1Cst

L
99 15526

99

1Cal

18527

98
o1 —E 12716
99
17484
45
65 —E 17640
38 Cal

38
—— Y, 1

46 1Ctr

67 Ctr
92

Cfa

2
100 Cqu

16 100

Cpa
81 E 1Cpa

98
— Cke

59

26 — 1Cke
100

_E Cmn
C
100 M9

T
100 eu

Figure 3.20c; 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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3.6.1d Interpretation

There was separation of basidiomycetes and ascomycetes based on analysis of the ITS1,
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 of the ITS2 region

At a recent conference (International Symposium on Yeasts, Sydney, Australia, 1999) it
was suggested that the TTS2 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 al. (2000) suggested the diagnostic utility of the ITS2 region. In 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 Cal7, a very short sequence that aligns more closely with
basidiomycete sequences than with C. albicans sequences. As with the comparisons of
ITS1, ITS2 and the 5.8S rRNA gene in the previous subsection (Section 3.6.1, p., 225), the
ascomycetes and basidiomycetes do not form distinct lineages (Figure 3.21a p., 251).

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. dubliniensis 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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Table 3.53a; Details of the sequences and isolates used to assess the

phylogenetic utility of the ITS2 region

Species Accession Sequence ° Strain
number *

C. dubliniensis ABO35589 Cdu89 CBS7987

C. dubliniensis AB035590 Cdu90 CBS7988

C. glabrata ABQO32177 Cgl77 IFO 0622

P. guilliermondii ABO 32176 Pgu76 JCM1539

C. albicans ABO32174 Cal74 NIHB792

C. albicans ABQO32173 Cal73 NIHA207

C. albicans ABO32172 Cal72 CBS562

C. albicans AJ249486 Calg6 GDH2346

C. dubliniensis AJ249485 Cdu85 CD36

C. dubliniensis AJ249484 Cdu84 M334a

C. albicans ABO18038 Cal38 CBS1905, 1918

C. albicans ABO18037 Cal37 CBS562, NIHB792, NIHA207,

IFO 1061, 1389, 0589, 0579

C. glabrata AF167993 Cgl93 ATCC15545

C. dubliniensis U96719 Cdul9 CBS7987

P. norvegensis U70509 Pno09 ATCC22977

P. guilliermondii U70499 Pgu99 ATCC6260

K. marxianus U70502 Kma02 ATCC46764

D. hansenii U70500 Dha00 ATCC62894

C. viswanathii U70510 Cvil0 ATCC22981

C. haemulonii U70501 Cha01 ATCC22991

C. glabrata U70498 Cgl98 Y-65

C. lusitaniae AF009215 Clul5 ATCC34449

C. parapsilosis U10989 Cpag9 MCO0429

C. parapsilosis U10988 Cpal8 MCO457

C. parapsilosis U10987 Cpa87 ATCC22019

C. albicans L28817 Call7 WOl

C. albicans - 17484 clinical ®

C. albicans - 12716 clinical

C. albicans - 18527 clinical

C. albicans - 17640 clinical

C. albicans - Cal CBS562

C. dubliniensis - 15526 clinical

C. dubliniensis - Cdu CBS7987

C. stellatoidea 147114 1Cst 7€

C. tropicalis [47112 1Ctr ?

C. tropicalis - Ctr CBS9%4

C. viswanathii - Cvi CBS4024

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).

¢; 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 Accession Sequence ® Strain ¢
number ?

C. guilliermondii - Cgu CBS566

C. guilliermondii LA47110 1Cgu 7d

C. famata . Cfa CBS940

C. glabrata - Cgl CBS138

C. glabrata LA47108 1Cgl ?

C. kefyr - Cke CBS834

C. kefyr LA7107 1Cke ?

C. haemulonii - Cha CBS5149

C. lusitaniae - Clu CBS6936

T. beigelii - Tbe CBS2466

Cr. neoformans var. neoformans | - Crnn CBS132

Cr. neoformans var. gattii - Crng CBS6289

C. norvegensis - Cno CBS6564

C. krusei - Ckr CBS573

C. krusei L47113 1Ckr ?

S. cerevisiae - Sce ATCC2610

C. parapsilosis - Cpa CBS604

C. parapsilosis L47109 1Cpa ?

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).
¢; Strain refers to the isolate from which the sequence was obtained.

d; ? strain refers to the sequence being obtained from an unspecified strain.
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Table 3.54a; 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

17484 e e e e
CalTd e e e e e e e e e e e e e e =
CAlT2 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 m— oo —— e
Cal3T 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 s
CalT3 e e e e T T T e e e S —S S Ssssssmme e
Cal38 = e e e e e e e e e e e e e e e e e e T e e e e e e e
12716 e e e e e e e e e e e e B e e e e e e e e e e o e e it
18527  mm e e e e
1Cal e e e e e e e e e e e e
17640 e e e e e e e e e e e e ———————— e
Cal e e e e e e e e e e s ms s o s ee s
CAUBY e e e s — s
CAUBS e e R e e e e e e e e e e B e e e e e e e e e e e e e e e
CAULY e e e e e oo o—osoo—se---
15526 e e e e e e — oo
CAUBE e e e —m e
CAU e e e e e e e e e e e e e e e e e e e — =
CAU0 e e e e e R e e e e e e e e e P e e e e e B e e e e e e e e e
o] S e i
1Ctr - ———TATTATTACAATAGTCANAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATATGAATTGCAGATATTCGTGAATCATCGAATC
Ctr - — —TATTATTACAATAGTCAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATATGAATTGCAGATATTCGTGAATCATCGAATC
CVIL0 e e e e e e e e e e e e e e e e S — oo ————oo—--oe
CVL e e e e e e e — =
POUTB e e e e e e e e e e e e S s s
Pgu99 | e e e e e e e e e e e e T T S S e ST
Dhal0 e e e e e e e e e e e e e e e e e e e e e e e e =
Cgu - AAATTTTGAATTAATCTTCAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATATGAATTGCAGATTTTCGTGAATCATCGAATC
1Cgu —AAATTTTGAATTAATCTTCAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATATGAATTGCAGATTTTCGTGAATCATCGAATC
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Table 3.54b; 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

Cfa
Cgl77
Cglosg
Cgl93
Cgl
1Cgl
Kma02
Cke
1Cke
ChaO1l
Cha
Cluls
Clu
Call7
The
Crnn
Crng
Prio09
Cno
Ckr
1Ckr
Sce
Cpa89
Cpa88
Cpa87
Cpa
1Cpa

~TAAATTCAAAACAATCTTCAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATATGAATTGCAGATTTTCGTGAATCATCGAATC

-ACTATAAAATTTAATATTCAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAATTGCGATATGTATTGTGAATTGCAGATTTTCGTGAATCATCAAATC
~ACTATAAAATTTAATATACAAAACTTCCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAATTGCGATATGTATTGTGRAATTGCAGATNTCGTGAATCATCAAATCT
——————————————— AAAACAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAATTGCGATACGTAGTATGACTTGCAGACGTG- - - ~AATCATCGAATC
————————————————————————————————————————————————————————————————————————————————————————————————————————————— CCCCTCTAACC
————————————— TAATATCAAAACTTTCAACAACGCGATCTCTTGEGTTCTCGCATCGATGAAGAACGCAGCGAATTGCGATACGTAGTATGACTTGCAGACGTG--—-AATCATCGAATC
GATTATTACTAATAGTCAAAA--CTTTC-AACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAARATGCGATACGTAATATGAATTGCAGATATTCGTGAATCATCGAATC
TGTTATTA-TAACAAAAATAA--CTTTC-AACAACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATC
TCATATTA-TAACAATAATAAAACTTTC-AACAACGGATCTCTTGGCTTCCACATCGATGAAGAACGCAGCGARATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC
TCTTATTA-TAACAATAATAAAACTTTC-AACAACGGATCTCTTGGCTTCCACATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC
--AGAAGAAAGAAAAAAAACAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAGCGCAGCGAAATGCGATACCTAGTGTGAATTGCAGCCATC-GTGAATCATCGAGTT
--ATCTACGAAAAACAAACAAAACTTTC-AACAACGGATCTCTTGETTCTCGCATCGATGAAGAGCGCAGCGAAATGCGATACCTAGTGTGAATTGCAGCCATC-GTGAATCATCGAGTT
—-ATCTACGANAAACANACAAAACTTGCTAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGARATGCGATACCTAGTGTGAATTGCAGCCATC-GTGAATCATCGAGTT
--AAATTTTAARAATATTAAAAACTTTC-AACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCAGAATTCCGTGAATCATCGAATC

---AACCGATTATTTAATAGTCAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATATGAATTGCAGATATTCGTGAATCATCGAA
---ACCCGATTATTTAATAGTCAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGARATGCGATAAGTAATATGAATTGCAGATATTCGTGAATCATCGAA
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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

17484
Ccalv4
Ccal72
cal3?7
Cal73
Cal3s8
12716
18527
1Cal
17640
Cal
Cdu89
Cdu85
Cdul9
15526
Cdu84
Cdu
Cdus0
1Cst
1Ctr
Ctr
Cvilo
Cvi
Pgu76
Pgu99
Dha00
Cgu
1Cgu

—————————————————————————————————— G-GGCATGCCTGTTT-GAGCGTCGTTTCTCCCTCARACCGCT - - - ~GGGTTTGGTGTTG-AGCAATACGACTT - - - —— - ~ - - -GGG
————————————————————————————————————————————————————————————— CTCCCTCAAACCGCT - - - -GGGTTTGGTGTTG-AGCAATACGACTT~ - - - - -—- -GGG
————————————————————————————————————————————————————————————— CTCCCTCAAACCGCT - - - -GGGTTTGGTGTTG-AGCAATACGACTT - - -~ -~ ——— -GGG
————————————————————————————————————————————————————————————— CTCCCTCARACCGCT - - - -GGGTTTGGTGTTG-AGCAATACGACTT - - - - - - - - - -GGG
————————————————————————————————————————————————————————————— CTCCCTCAAACCGCT - - - -GGGTTTGGTGTTG-AGCAATACGACTT- - - - - - - - -GGG
————————————————————————————————————————————————————————————— CTCCCTCARACCGCT - - - -GGGTTTGGTGTTG - AGCAATACGACTT- - - - - - - - - -GGG
—————————————————————————————————— G-GGCATGCCTGTTT-GAGCGTCGTTTCTCCCTCARACCGCT - - - -GGG TTTGGTGTTG- AGCAATACGACTT - - - - —- - - - -GGG
—————————————————————————————————— G-GGCATGCCTGTTT-GAGCGTCGTTTCTCCCTCARACCGCT - - - ~GGGTTTGGTGTTG-AGCAATACGACTT - - - - - - - - -GGG
—————————————————————————————————— G-GGCATGCCTGTTT-GAGCGTCGTTTCTCCCTCAAACCGCT - - - ~GGRTTTGGTGTT-~AGCAATACGACTT -~ - —— —— - - -GGG
—————————————————————————————————— G-GGCATGCCTGTTT-GAGCGTCGTTTCTCCCTCAAACCGCT - - - ~GGGTTTGGT-TTG-AGCAATACGACTT - - - - - -— -GGG
—————————————————————————————————— G-GECATGCCTGTTT-GAGCGTCGTTTCTCCCTCAAACCGCT -~ - ~GGGTTTGGTGT TGAAGCAATACGACTT - - - - - - - - - -GGG
—————————————————————————————————————————————————————————————— TCCCTCAAACCCCTA- - -GGGTTTGGTGTTG-AGCAATACGACTT - - - - - -~ - - -GGG
—————————————————————————————————————————————————————————————— TCCCTCAAACCCCTA- - -GGETTTGGTATTG- AGCAATACGACTT-——- - - - - -GGG
————————————————————————————————————————————————————————————— CTCCCTCAAACCCCTA- - -GGGTTTGGTGTTG-AGCAATACGACTT - - - -———— - -GGG
—————————————————————————————————— G-GGCATGCCTGTTT-GAGCGTCGTTTCTCCCTCARACCCCTA- - -GGGTTTGGTGTTG-AGCAATACGACTT-- - ------ -GGG
—————————————————————————————————————————————————————————————— TPCCCTCAAACCCCTA- - -GGGTTTGGTGTTG-AGCAATACGACTT - - - - - - - ---GGG
—————————————————————————————————— G-GGCATGCCTGTTT-GAGCGTCGTTTCTCCCTCARACCCCTA- -~ GGETTTGGTGTTG-AGCAATACGACTT - - - - - - - -~ -GGG
—————————————————————————————————— G-GGCATGCCTGTTT-GAGCGTCGTTTCTCCCTCARACCCCTA- - ~GGGTTTGGTGTTG-AGCARTACGACTT -~ - - -~ -~ - -GGG
TTTGAACGCACATTGCCCCCTTTGGTATTCCARAG-GGNATGCCTGTTT-GAGCGTCATTTCTCCCCCARACCCCC- - - ~GGGTTTGGTGTTG-AGCAANACCCT -~~~ ~~~ -~~~ BGG
TTPTGAACGCACATTGCGCCCTTTGGTATTCCAAAG-GGCATGCCTGTTT-GAGCGTCATTTCTCCCTCAAACCCCC - - - ~GGGTTTGGTGTTG-AGCAATACGCT -~~~ =~ ~~~~~ AGG
————————————————————————————————————————————————————————————— CTCCCTCAACCCCGC - - - -GGGTTTGGTGTTG-AGCAATACGCC - - - — - - - - ———-AGG
—————————————————————————————————— G-GGCATGCCTGTTT-GAGCGTCATTTCTCCCTCAAGCCCGC - - - -GEGTTTGETGTTG-AGCAATACGCC- - - -~ - ~——---AGG

————————————————————————————————————————————————————————————— CTCTCTCAAACCCCC - - --GGGTTTGGTATTG-
————————————————————————————————————————————————————————————— CTCTCTCAAACCCCC----GGGTTTGGTATTG-
————————————————————————————————————————————————————————————— CTCTCTCTC-CCCTT- - - -GGGATTGGTATTG-
TTTGAACGCACATTGCGCCCTCTGGTATTCCAGAG-GGCATGCCTGTTT-GAGCGTCATTTCTCTC TCAAACCCCC - - - ~GGGTTTGGTAT TG -
TTTGNACGCACATTGCGCCCNCTGETATTCCAGAG-GGGATGCCTGTTT-GGGCGTCANNCCTCTC TCAAACCCCC - - - -GGG TTTGGTANTG -

AGTGATACTCTTAGTCGGACTAGGCG
AGTGATACTCTTAGTCGGACTAGGCG
AGAGATACTCTTAGTCGAACTAGGCG
AGTGATACTCTTAGTCGGACTAGGCG
AGTGANACTCTTAGTCGGACTAGGCG
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Table 3.54d; 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

Cfa
Cgl77
Cglos
Cgl93
Cgl
1Cgl
Kma02
Cke
1Cke
Chal1
Cha
Cluls
Clu
Call?
The
Crnn
Crng
Pno09
Cno
Ckr
1Ckr
Sce
Cpa8?9
Cpa8s8
Cpa8’?
Cpa
1Cpa

TTTGAACGCACATTGCACCCTCTGETATTCCAGAG-GGTATGCCTGTTT-GAGCGTCATATCTCTCTCAAACCCTC -~~~ ~GGCTTTGGTATTG-AGTGATACTCTTAGTCGAACTAGGCG
------------------------------------------------------------- TTCTCAAACACAT-----TGTGTTTGGTAGTG-AGTGATACTC-~--~--~-GTTTTTGAG
——————————————————————————————————————————————————————————— CCTTCTCAAACACAT-----TGTGGTTGGTAGTG-AGTGATACCC-------CGTTTTGAG
————————————————————————————————————————————————————————————— TTCTCAAACACGT-----TGTGTTTGGTAGTG-AGTGATACTCTC-----GTTTTTGAG
———————————————————————————————————————————————————————————— GCCGACAAAGACCTGGGAGTGTGCGTGGATCTC-TCT-ATTCCAAA—----GGAGGTGTT
———————————————————————————————————————————————————————————— GCCGACAAAGACCTGGGAGTGTGCGTGGATCTC-TCT-ATTCCGAA-~---GGAGGTGTT
————————————————————————————————————————————————————————————— CTCTCTCAAACCT----TTGGGTTTGGTAGTG~AGTGATACTC- ---——-GTCTCGGGC
TTTGAACGCACATTGCGCCCTCTGETATTCCAGGG-GGCATGCCTGTTT-GAGCGTCATTTCTCTCTCAARACCT - - - - TTGGGTTTGGTAGTG-AGTGATACTC--—-——— GTCTCGGG-
TTGGAACGCACATTGCGCCCTCTGGTATTCCAGGG-GGCATGCCTGTTT-GAGCGTCATTTCTCTCTCAAACCT - - - -TTGGGTTTGGTAGTG-AGTGATACTC- -~ ~-~--~ GTCTCGGG-
—————————————————————————————————————————————————— GAGCGTGATATCT-TCTC--ACCGTT----GGT---GGATTTG-TTTCTARATATCATG------CCACA
TTTGAACGCATATTGCGCCTTGGGGCATTCCCCAA-GGCATGCCTGTTT-GAGCGTGATATCT -TCTC--ACCGTT -~ ~-GGT - - -GGATTTG-TTTCTAAATATCATG- -~ - -~ CCACA
CCCGGTTAGGCETTGCTCCGAAATATCAACCGCGCTCTCAAACACGTTTAGAGCGTCGCATCC-CCTCTAACCCCC~-~--GGTTA-GGCGTTG-CTCCGAAATATCAA- - -~~~ ~ CCGCG
TTTGAACGCACATTGCGCCTCGAGGCATTCCTCGA-GGCATGCCTGTTT-GAGCGTCGCATCC-CCTCTAACCCCC -~ --GGTTA-GGCGTTG-CTCCGAAATATCAA- - - - ——~ CCGCG
TTTGAACGCACATTGCGCCCTCTGGTAT TCCGGA - ——— === ===~ - — mm - — s oo oo
TTTGAACGCAACTTGCGCTCTCTCGTATTCCGGAG-AGCATGCCTGTTT-GAGTATCATGAAA-TCTCAACCATTA- - - -GGGTT--TCTTAA----~~ TGGA-TTGGA------ TTTGG
TTTGAACGCAACTTGCGCCCTTTGGTATTCCGAAG-GGECATGCCTGTTT-GAGAGTCATGAAAATCTCAATCCCTC----GGGTT--TTATTA-CCTGTTGGACTTGGA~ -~~~ TTTGG
TTTGAACGCAACTTGCGCCCTTTGETATTCCGAAG-GGCATGCCTGTTT-GAGAGTCATGAAAATCTCAATCCCTC -~ - ~-GGGTT--TTATTA-CCTGTTGGACTTGGA -~ - -~ = TTTGG
————————————————————————————————————————————————————————————— CCTTCTTGCGCAAGC----AGAA---GTTGGG-~--GTTGCC------------ACGGC
CTTGAACGCACATTGCGCCCTCCGGCATTCCGGGG-GECATGCCTGTTT-GAGCGTCGTTTCCTTCTTGCGCAAGC - -~ -AGA----GTTGGG- - - -GTTGCC-——————==~~~ ACGGC
CTTGRACGCACATTGCGCCCCTCGGCATTCCGGGEG-GGCATGCCTGTTT-GAGCGTCGTTTCCATCTTGCGCGTGC - - - -GCAGA--GTTGGG - - - ~GGAGCGGAGCGG--~~~~ ACGAC
CTTGAACGCACATTGCGCCCCTCGGCATTCCGGGGE-GGCATGCCTGTTT-GAGCGTCGTTTCCATCTTGCGCGTGC - - - ~GCAGA - -GTTGGG - - - ~GGAGCGGAGCGG--- - -~ ACGAC
TTTGAACGCACATTGCGCCCCTTGGTATTCCAGGG-GGCATGCCTGTTT-GAGCGTCATTTCCTTCTCAAACATTC -~~~ TGTTT-GGTAGTG-AGTGATACTCTTTGGA - - - -GTTAAC
————————————————————————————————————————————————————————————— CTCCCTCAAACCTTC----GGGTTTGGTGTTG-AGCGATAC-CTGGG--~-~~---TTTGC
————————————————————————————————————————————————————————————— CTCCCTCAAACCTTC----GGGTTTGGTGTTG-AGCGATAC-CTGGG-~-~-~--—--TTTGC
—————————————————————————————————————————————————————————————— TCCCTCAAACCTTC- ---GGGTTTGGTGTTG-AGCGATAC-CTGGG----~--TTTGC
TCTTTGAACGCACATTGCGCCCTTTGGTATTCCAAAGGGCATGCCTGTTTGAGCGTCATTTCTCCCTCARACCCTC -~ - -GGETTTGCTGTTG-AGCGATACGCTGGG -~ - - -~ — TTTGC
TCTTTGAACGCACATTGCGCCCTTTGGTATTCCAAAGGGCATGCCTGTTTGAGCGTCATTTCTCCCTCARACCCTC -~ ~-GGGTTTGGTGTTG-AGCGATACGCTGGG-----~~ TTTGC
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Table 3.54e; 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

17484
Cal74
Cal72
Cal3v
Cal73
Cal3s8
12716
18527
1Cal
17640
Cal
Cdu89
Cdu85
Cduld
15526
Cdu84
Cdu
Cdu90
1Cst
1Ctr
Ctr
Cvilo
Ccvi
Pgu76
Pgu99
Dha00
Cgu
1Cgu

TTTGCTTGAAAGACGGT------ AGTGGTA--AGGCGGGATCGCTTTG----~-- A-CAATGGCTTAGGT-CTAACCAAARAACATT--GCTT---GCGG-CGGTAACGTCCACCACGTAT
TTTGCTTGAAAGACGGT------ AGTGGTA--AGGCGGGATCGCTTTG------- A-CAATGGCTTAGGT-CTAACCAAARAACATT--GCTT---GCGG-CGGTAACGTCCACCACGTAT
TTTGCTTGAAAGACGGT--—-—-— AGTGGTA--AGGCGGGATCGCTTTG------- A-CAATGGCTTAGGT-CTAACCAAAAACATT--GCTT---GCGG-CGGTAACGTCCACCACGTAT
TTTGCTTGAAAGACGGT--—--— AGTGGTA--AGGCGGGATCGCTTTG--~----- A-CAATGGCTTAGGT -CTAACCAAAAACATT--GCTT---GCGG-CGGTAACGTCCACCACGTAT
TTTGCTTGAAAGACGGT------ AGTGGTA--AGGCGGGATCGCTTTG------- A-CAATGGCTTAGGT-CTAACCAAAAACATT--GCTT---GCGG-CGGTAACGTCCACCACGTAT
TTTGCTTGAAAGACGGT-----— AGTGGTA--AGGCGGGATCGCTTTG--~----- A-CAATGGCTTAGGT-CTAACCAAAAACATT--GCTT-~-GCGG-CGGTAACGTCTACCACGTAT
TTTGCTTGAAAGACGGT------ AGTGGTA--AGGCGGGATCGCTTTG--~---~ AACAATGGCTTAGGT-CTAACCAAAAACATT--GCTT---GCGG-CGGTAACGTCTACCACGTAT
TTTGCTTGAAAGACGGT------ AGTGGTA--AGGCGGGATCGCTTTG-—--—-- A-CAATGGCTTAGGT-CTAACCAAARAACATT--GCTT---GCGG-CGGTAACGTCTACCACGTAT
TTTGCTTGAAAGACGGT------ AGTGGTA--AGGCGGGATCGCTTTG-—----- A-CAATGGCTTAGGT-CTAACCAAAAACATT--GCTT---GCGG-CGGTAACGTCCACCACGTAT
TTTGCTTGAAAGACGGT-----— AGTGGTA--AGGCGGGATCGCTTTG------- A-CAATGG-TTAGGT-CTAACCAAAAACATT--GCTT---GCGG-CGGTAACGTCCACCACGTAT
TTTGCTTGAAAGACGGT------ AGTGGTA--AGGCGGGATCGCTTTG-----—~— A-CAATGGCTTAGGT-CTAACCAAAAACATT--GCTT-~--GCGG-CGGTAGCGTCTACCACGTAT
TTTGCTTGAAAGATGAT------ AGTGGTATAAGGCGGAGATGCTT-G------— A-CAATGGCTTAGGT-GTAACCAAAAACATT --GCTAA-GGCGGTCTCTGGCGTCGCC-ATTTTA
TTTGCTTGAAAGATGAT--—--— AGTGGTATAAGGCGGAGATGCTT-G------— A-CAATGGCTTAGGT-GTAACCAAARACATT--GCTAA-GGCGGTCTCTGGCGTCGCCCATTTTA
TTTGCTTGAAAGATGAT------ AGTGGTATAAGGCGGAGATGCTT-G-—----- A-CAATGGCTTAGGT-GTAACCAAAAACATT--GCTAA~GGCGGTCTCTGGCGTCGCCCATTTTA
TTTGCTTGAAAGATGAT----—- AGTGGTATAAGGCGGAGATGCTT-G-—------ A-CAATGGCTTAGGT-GTAACCAAAAACATT--GCTAA-GGCGGTCTCTGGCGTCGCCCATTTTA
TTTGCTTGAAAGATGAT-----— AGTGGTA--AGGCGGAGATGCTT-G------— A-CAATGGCTTAGGT-GTAACCAAAAACATT--GCTAA-GGCGGTCTCTGGCGTCGCCCATTTTA
TTTGCTTGAAAGATGAT------ AGTGGTATAAGGCGGAGATGCTT-G-—-—-—-— A-CAATGGCTTAGGT-GTAACCAAAAACATT--GCTAA-GGCGGTCTCTGGCGTCGCCCATTTTA
TTTGCTTGAAAGATGAT------ AGTGGTA~-AGGCGGAGATGCTT-G-----—— A-CAATGGCTTAGGT-GTAACCAAAAACATT-~-GCTAA-GGCGGTCTCTGGCGTCGCCCATTTTA
TTTGTTTGAAAGAATTT------ A--CGTG----G--AAACTTATTTT------— A--AGCGACTTAGGT-TTANCCAAAA-C-—--- GCTTA-TTTTGCTAGTGGCCACCACAATTTA-
TTTGTTTGAAAGAATTT--—--- AA-CGTG----G--AAACTTATTTT----—-- A--AGCGACTTAGGT-TTATCCAAAAAC--—-- GCTTA-TTTTGCTAGTGGCCACCACAATTTA-
TTTGTTTGAAAGACGT~---—--— A--CGTG----G--AGACA-ATATT------- A---GCGACTTAGGT-TCTACCAAAA-C----- GCTTG-TGCAGTCGGTCCCACACACAGTGTAA
TTTGTTTGAAAGACGT---—--- A--CGTG----G--AGACT-ATATT------- A---GCGACTTAGGT-TCTACCAAAA-C----- GCTTG-TGCAGTCGGCCCACCACAGCTTTT -~

TTTGCTTGAAAAGTATTGGC - - -ATGGGTAGTACTGGATAGTGCTGTC - -GACCTCTCAATGTATTAGGT - ~TTATCCAACTCGTT - ~-GAATGGTGT -GGCGGGATATTTCTGGTATTGT
TTTGCTTGAAAAGTATTGGC - - -ATGGGTAGTA-TGGATAGTGCTGTC - -GACCTCTCAATGTATTAGGT - -TTATCCAACTCGTT- ~-GAATGGTGT-GCGCGGGATATTTCTGGTATTGT
TTTGCTTGAAATTTATTGGC - - -ATGAGTGACGCTGAGAAGTGCATTCAGGAAATATCAATGTATTAGGTAGTTATCCAACTCGTT- ~-GACAATTCTTGGTTGTGAAT T TTTGCTGTTA-
TTTGCTTGAAAAGTATTGGC - - -ATGGGTAGTACTGGATAGTGCTGTC - -GACCTCTCAATGTATTAGGT - -TTATCCAACTCGTT - ~GAATGGTGT-GGCGGGATATTTCTGGTATTGT
TTTGCTTGAAAANTATTGTC---ATGCETAGTACTAGATAGTGCTGTC--GACCTCTCAATGTATTAGGT - -TTATCCAACTCGNT - -GAATGGTGT -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., 241-2

Cfa
Cgl77
Cglas
Cgl93
Cgl
1Cgl
Kma02
Cke
1Cke
ChalO1l
Cha
Cluls
Clu
Cally
The
Crnn
Crng
Pno09
Cno
Ckr
1Ckr
Sce
Cpa89
Cpa88
Cpa87
Cpa
1Cpa

TTTGCTTGAAATATATTGGC - - -ACGAGTAGTGTTGAACAGTGTTGTCT-GAAC-ATCAATGTATTAGGT - - TTATCCAACTCGT T~ ~GA~- - - —-TACAGGTGGTACGATTCTTC-ATTA -
TTAACTTGAAATTGTAGG---—-—-— CCATATCAGTATGTGGGACACGAGCGCAAGCTTCTCTATTAATCTGCTGCTCGTTTGCGCGA-GCGG-——-—~ CGGGGGTTAATACTGTATTAGGT
CTAACTTGAAATTGTAGG------- CCATATCAGTATGTGGGACACGAGCGCAAGCTTCTCTATTAATCTGCTGCTCGTTTGCGCGA-GCGG--~-—~ CGGGGGTTAATACTGTATTAGGT
TTAACTTGAAATTGTAGG------— CCATATCAGTATGTGGGACACGAGCGCAAGCTTCTCTATTAATCTGCTGCTCGTTTGCGCGA-GCGG----- CGGGGGTTAATACTGTATTAGGT
TTATCACACGACTCGACA-—----- CTTTCTAATTACTACACACAGTGGAGTTTACTTTACTACTATTCTTTTGTTCGTTGGGGGAACGCTCTCTTTCGGGGGGGAGTTCTCCCAGTGGA
TTATCACTCGACTCGACA------- CTTTCTAATTACTACACACAGTGGAGTTTACNTTNCTACTATTCTTTTGTTCGTTGGGGGAARAGCTCTCTTTCGCGAGGGAGTTCTCCCAGTGGA

TTAACTTGAAAGTGGCTAACCGTTGCCATCTGCGTGAGCAGG-CTECGTGTCAAGTCTATGGACTCGACTCTTGCACATCTACGTCTTAAGTA- -TGCGCCAATTCGTGGTAAGCTTGGE
TTAACTTGAAAGTGGCTAGCCGTTGCCATCTGCGTGAGCAGGGCTECGTGTCAAGTCTATGGACTCGACTCTTGCACATCTACGTCTTAGGTT - -TGCGCCAATTCGTGGTAAGCTTGGG
TTNACTTGAAAGTGGCTAGCCGTTGCCATCTGCGTGAGCAGGGCTGCGTGTCGAGTCTATGGACTCGACTCTTGCACATCTACGTCTTAGGTT - -TGCGCCAATTCGTGGTAAGCTTGGE
GTGAAGTC T ACGC -~ ————— m—m —— - —m - m T e e oSS oo oo — o=
GTGAAGTCTACGC---TTTCACTGCTTTTTCCCCTCAAATCAGGTAGG--ACTACCCGCTGAACTTAAGCATATCAATA- ——— -~~~ =~ - - === ———==-—-~—-——————————-==-—=-————
CTGTCAAATACG---~-CAGCACCACATTTCGCCCTCAARATCAGGTAGG--ACTACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA -~~~ =~~~ -~ =~~~ ~-———-————=~————-—————
CTGTCAAACACGTTTACAGCACGACATTTCGCCCTCAAATCAGGTAGG--ACTACCCGCTGAACTTAAGCATATCAATAAGCGGAG -~~~ —~———~——~-=- -~~~ ~—~—————=—=-—————
GCGCTGCCAGTAGCCTG~-----—-————— GCTCGCCTTAAAAGA---G--TTAGCGTGTTTAACTTGTCTTATCTG- - --GCGTAATAAGTTTCGCTGGTGTTGACTTGAGAAGTGCGCT
GTGTTTGCCGCGACCTGCAARAGGACGTCGGCTCGCCTTARATGT - - -G- -TTAGTGGGAAGGTGATTACCTGTCAGCCCGGCGTAATAAGTTTCGCTGGGCCT - ~ATGGGGTAGTCTTCG
GTGTTTGCCGCGACCTGCAAAGGACGTCGGECTCGCCTTARATGT - - -G- ~TTAGTGGGAAGGTGATTACCTGTCAGCCCGGCGTAATAAGTTTCGCTGGGCCT - -ATGGGGTAGTCTTCG

CCGET----- GCGGCCTG----~-- TGTGTGGCTCCCC-GAAACGGAACG--GCAGCGGGACTGAGCGAAGTACACAA -~~~ ~-——~~——— CACTCGCGCTTGGCCCGCC~-GAACTTTTTTTT -
CCGT----- GCGGCCTG------ TGTGTGGCTCCCCCGAAACGGAACG--GCAGCGGGACTGAGCGAAGTACACAA-~~—~—~———~ CACTCGCGCTTGGCCCGCC-GAACTTTTTTTTT
GTGTAAAGAGCGTCGGA------ GCTGCGACTCGCCTGAAAGGGAGCG--A-AGCTGG-CCGAGCGAACTAGACTTT---~--~ TTTTCAGGGACGCTTGGCGGCCGAGAGCGAGTGTTGC
GTGTAAAGAGCGTCGGA------ GCTGCGACTCGCCTGAAAGGGAGCG--A-AGCTGG-CCGAGCGAACTAGACTTT---~-~-~ TTTTCAGGGACGCTTGGCGGCCGAGAGCGAGTGTTGC
TTGAAATTGCTGGCCTTTTCAT-TGGATGTTTTTTTTCCARAGAGAGG - - TTTCTCTGCGTGCTTGAGGTATAATGCAAGTACGGTCGTATTAGGTTTTACCAACTGCGGCTAATCTTT -
TTGAAAGAAAGGCGGAGTATAAACTAATGGATAGGTTTTTTTTT--~-—-~ TCCACTCATTGGTACAAACTCCAAAC---ATTCTTCCAAATT-——————==——————=——————=--—-———
TTGAAAGAAAGGCGGAGTATAAACTAATGGATAGGTTTTTTT----—--——~= CCACTCATTGGTACARACTCCAAA----ATTCTTCCAAATT-—--——=—=-~—=—————————=-—-———-—
TTGAAAGAAAGGCGGAGTATAAACTAATGGATAGGTTTTTTT------——~— CCACTCATTGGTACAAACTCCAAAA---CTTCTTCCARATT- - - - - —=—~-——————————=-~—————~—
TTGAAAGARAGGCGGAGTATAAACTAATGGATAGGTTTTTT--—--—-——— CCACTCATTGGTACAAACTCCAAAA---CTTCTTCCAAATTCGACCTCAAATCAGGTAGGACTACCCGC
TTGAARGAAAGGCGGAGTATAAACTAATGGATAGGTTTTTT---------~ CCACTCATTGGTACAAACTCCAAAA---CTTCTTCCARATTCGACCTCAAATCAGGTAGGCCTACCCGC
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Table 3.54g; 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

17484
Cal74
Ccal72
Cal3’7
Cal73
Cal3sg
12716
18527
1Cal
17640
Cal
Cdu89
Cdu85
Cdul9
15526
Cdu84
Cdu
Cdu90
1Cst
1Ctxr
Ctr
Cvilo
Ccvi
Pgu76
Pgu99
Dhal0
Cgu
1Cgu

ATCTTCAAACTTTGACCTCAAATCAGGTAGGACTACCCGCTGAACT TACT T=~———————————— ——m— e — e e
AT CT T AR AT — — = — = = — = = — e e e e e e
AT CT T C AR AT = = = = — o e ———
AT C T O AR AC T — — = — = — = = — = m e
AT C T T CARARC T — — = — = — == m m e
AT C T T C AR A P = = = = = — —
AT C T T CAAAC T T TG m = — = = — = — e e
ATCTTCAAACTTTGACCTCAAATCAGGTAGGACTACCCGCTGAACTTAAGCATATCAATAAGCGGAAG- -~ - = ——————————————————
ATCTTCAAACTTTGACCTCAAATCAGGTAGGACTACCCCCTGAACTTAAGCATATCAATAAGCGGAGGA-———————————===—~—=———
ATCTTCAAACTTTGACCTCAAATCAGGTAGGA-TACCCGCTGAACTTAAGCATATCAATAAGCAGAA - ———————————————————————
ATCTTCAAACTTTGACCTCAAATCAGGTAGGA -TACCCGCTGAACT TAA - ===~ ———— == ——— e
PTCTTCARAACT = = = = — = = — — — — e
PTCTTCARAACTTT — — — = o == e e e e e
T ETT ARG = 27— e e = = e e e e e T e e e e e e e e e e e e e
TTCTTCAAACTTTGACCTCAAATCAGGTATTACTAGCCCCTGAACTTACACCTC -~~~ —————————mmmm e mmm— e — e
T C T T C AR C T T T = — = — — — — — — e e e e e
TTCTTCAAACTTTGACCTCAAATCAGGTAGGASTACCCGYTGAACTTAAGCATATCAATAAGCGGAAAGA- -~ ~ ==~ ———=——————=————

GO T R A A o o — o o e e e e
—CTAACTTTTGACCTCAAATCAGGTGTGACTACCCGCTGAACT TAANCAT — — == ———— = mm o
TGEGCCCGECCTTACAACA—ACCARAACAAG = = = = — m — — m o e e e e e
TGECCCGGCCTTACAACA - ACCAAACAAGC — = = = = — — o o o e e e e e i e i e e
~GGCTTTGCCTTAAARAACAAC AR AC A A~ — — = = = = = = mm o e e e e e e e e e e e e e e e
TGGCCCGGCCTTACAACA-ACCAAACAAGCTTGACCTCAAATCAGGTAGGAATACCCGCTGAACTTAA -~~~ —~——————————————— ——
TGACCCGGCCTTACAACA-ACCAAACAAGTTTGACCTCAAATCAGGNAGGAATANCCGCTGAACTTAAGCATATCAATAAGC - -~ ~~-~~~

249



Table 3.54h; 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

Cfa
Cgl77
Cglosg
Cgl93
Cgl
1Cgl
Kma02
Cke
1Cke
Cha01l
Cha
Cluls
Clu
Call7
Tbe
Crnn
Crng
Pno09
Cno
Ckr
1Ckr
Sce
CpaB9
Cpa88
Cpa87
Cpa
1Cpa

—GGCTTTGCCTTATAAAA-CACAAACAAGTTTGACCTCAAATCCAGGTAGGATTACCCGCTGRAACTTTATCCTATCCCAATA- - - - - -~~~
T-TTACCAACTCGGTGTTGATCTAGGGAGGGATAAGTGAGTGTTTT-GTGCGT -GCTG-GGCAGACAGACGTCTTTAAGTTT------ -~
T-TTACCAACTCGGTGTTGATCTAGGGAGGGATAAGTGAGTGTTTT-GTGCGT -GCTG-GGCAGACAGACGTCTTTAAG- - -~~~ ——————
T-TTACCAACTCGGTGTTGATCTAGGAAGGCGATAAGTGAGTGTTCTCGTGCGTCGCTGAGGCAAACAGACGTCTTTAAGTTT———-—--——
T-GCAAACACAAACAAATATTTTTTTAAA--CTAATTCAGTCAACACAAGATTTCTTTTAGTAGAAA-ACAACTTCARAACT ———--—-—-——
T-NCACACACNAACAAATATTTTTTTNAA--ATAATTCAGTCAACACAAGATTTCTTTTAGTAGAAA-ACAACTTCARAACT -~~~ ~~-~-~—~
TCATAGAGACTCATAGGTGTTATAAAGACTCGCTGGTGTTTGTCTCCTTGAGGCATACGGCTTTAC--—-AACTCTCAAG----~-~~~-~=
TCATAGAGACTCATAGGTGTTATAAAGACTCGCTGETGTTTGTCTCCTTGAGGCATACGGCTTTAACCAARACTCTCAAAGTTTGACCTCA
TCATAGAGACTCATAGGTGTTATAAAGACTCGCTCGTGTTTGTCTCCTTGAGGCATACGGCTTTAACCAAAACTCTCAAAGTTTGACCTCA

TCTAATCGTCCTCGGACAATTCTTGAA-CTCTGGTCTCAAATCAGGTAGG-CTACCCGCTGAACTTAA- -~~~ — ==~ ~—~——————=-——-~-
GCTTGCTGATAACAACCATCTCTTTTT-GTTTGACCTCAAATCAGGTAGGGCTACCCGCTGAACTTAA-—~~-———=—==~-~—~———————-=
GCTTGCTGATAACAACCATCTCTTTTTTGTTTGACCTCAAATCAGGTAGGGCTACCCGCTGAACT TA-—~—~——~~—~——~--————=----

—————— AATCT A — = =~ A G — = — = — = == = =
T AATCTA----- AGCTC-----———-- GACCTCAAATCAGGTAGGAATACCCGCTGAACTTAAGCATATCAATAAGC--—————--
G----- AGACAACAACAAGCTC-——————--~ GACCTCAACTCAGGTAGGAAGACCCGCTGAACTTAAGCATATCAATAAGC-—————-—=
G----- AGACAACAAAAAGCTC-———~=—=-== GACCTCAAATCAGGTAGGAATACCCGCTGAACTTAAGCATATCAATAAGC-————————

PGEAACTTA~ — = = = = = = = = = = m = o — oo
TGAACTTAAGCATATCAATAAGCGGAGGA —— = == = = = = = = — m = = = = = = =
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Cvil0

DhaoQ  pgu7e V%0
1Ctr | cir
Cvi
Cgu Cal, Cdu,
Cst'
1Cgu
Che Cf Ch
Kma02 2 a0
1Cke Cha
Cdug0
Clu1s
1Cgl 1Cpa \
Cpa88 Sce
Cglos Cpa87 Cpa Cal17
Cgl77 "Cgl93  Cpas9
1Ckr Ckr Crng Crn
Tecu
Cno \
Pno09

0.1 substitutions/site

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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Cdu 155626

12716 Cal38

0.1 substitutions/site

Figure 3.21b; 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 and 74
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23

28

71

45

Figure 3.21c; 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 to 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 Candida colonisation

Of the four-hundred and seven isolates obtained from 101 HIV-positive and 20 HIV-
negative individuals in this study, one-hundred and twenty of them (29.5%) comprised mixed
infections or isolates heterozygous for one or more enzyme loci. The incidence of mixed or
heterozygous colonisation detected in HIV-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 (77%), twenty were C. dubliniensis (7%), one was C.
parapsilosis (0.3%). However, forty-five isolates were genetically different and represent a
number of other undetermined Candida species (15.7%). Genetic studies have led to the

discovery of a number of cryptic species (eg., McCullough et al. 1995, Sullivan et al. 1995),
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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

“indeterminate” 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 HIV 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 variability

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
HIV-positive patient with oral hairy leukoplakia (58A) and an HIV-negative individual who
had just undergone radiotherapy and was a Candida oral carrier (56A) (taxonomic study 2 p.,
100); another strain isolated from an oral rinse sample from a patient with oropharyngeal

candidiasis (591) and from a throat swab of another patient with candidiasis (2A) (study 9 p.,
255



173); a rinse and swab isolate from one patient (65A and B) with rinses from two other patients
(88K and 97E) and a lesion swab from another (96A) (study 10 p., 184); and two rinse and two
lesions swabs from one patient (93B, C, D and E) with rinses from two other patients (73A and
95A) (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, which 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 ef 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, 7, 8 and 10. In study 7 (p., 155), patient 9 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 (73A and 95A).

In 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);
patient 2 A and B (study 9); patient 17 A and B (pilot 1), A, C, D and E (study 4) and C, 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 21 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 27 A, B and C, all strains may be C. dubliniensis (studies 5 and 6); patient 28 A
and B (studies 5 and 6); patient 29 A and B (study 7); patient 31 A, B, C and E (studies 4 and
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, L J, M, N, P, Q, R, S (study 9); patient 71
A and B (study 4); patient 84 E, F and G (study 10); patient 88 D, K, L and J (study 10); and
patient 97 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 et 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 HIV-positive patients and 9 HIV-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 er al. (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 et al. 1998). Instead there was extensive variation
between Candida species, suggesting that the genetic groups observed by Lin ef al. (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 observations

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 enzyme 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 40% of the HIV-negative

population are asymptomatic Candida oral carriers (eg., Abu Elteen and Abu Alteen 1993).

There has been some evidence of clustering of isolates from HIV-positive or HIV-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 HIV-
positive with OHL and the other HIV-negative undergoing radiotherapy treatment (58A and
56A, p., 100). These observations suggest that oral candidiasis is an opportunistic infection in

HIV-positive individuals and that HIV-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 HIV-positive patients with candidiasis (eg., Challacombe et al. 1995, Wu et al. 1996).
Reynes er 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 HIV-positive individuals. The present results show that each strain can be
differentiated and an equivalent degree of genetic diversity was observed in HIV-positive and
HIV-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., 173 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 HIV-positive
and HIV-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 HIV-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 HIV-positive population. This may be due to the small number of
HIV-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 presentation

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 ez al.
(1996), there was no clustering associated with fluconazole susceptibility or clinical symptoms.
Reichart er 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 Candida 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 carriage 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. lusitaniae, 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. 2000). 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 strains 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. 2000).

Fluconazole treatment has been shown to increase the number of morphotypes, karyotypes
and PCR types in a patient (Takasuka ef al. 1998). The vast array 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 HIV-positive individual was an important risk factor for
acquiring fluconazole resistant infections. If this is the case, the inability for an HIV-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., 155). 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 HIV-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 and 9,
p., 155 and 173). 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 al. 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 HIV-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 Candida and related genera

Genetic variation within and between Candida species and related genera were effectively
assessed using allozyme electrophoresis at twenty metabolic enzyme 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 4.1 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
genera, it is timely to revisit the definitions of genera and species. In sexually reproducing
organisms, a species is comprised 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 1.2.1 p., 11), 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. neoformans 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

2
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 Candida 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. neoformans, the two recognised serovars are
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, Sandhu et al.
1995). However, as has been observed for other fungal species, there is a single teleomorph
associated with both serovars. Perhaps Filobasidiella neoformans 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 other, having
fixed differences at 50 to 80% 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 are usually defined by fixed differences
exceeding 60% 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 ef al. 1996,
James et al. 1997). C. glabrata is phenotypically distinct from other Candida species (Bikandi
et al. 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 al. 1991, Fujita et
al. 1995, Crist et al. 1996, Cohn et al. 1998), S. cerevisiae has been closely associated with C.
glabrata. Using both allozyme electrophoresis and 18SrRNA gene sequence comparisons, the
present results suggest that C. kefyr is more closely related to S. cerevisiae, with C. glabrata the

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. 1991),

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 al. 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 al. (1991).
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Using 18S rRNA gene sequence comparisons, Hendriks et al. (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. hansenii. 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 Candida 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 490bp fragment of this

gene also provides sufficient data for this type of research.

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 3.19¢ 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 partial 18S
sequence the branching order of C. lusitaniae 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 HIV-positive and HIV-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 formillated 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 40% 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 ef 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 HIV, 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 HIV-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 er al. 1994, Lockhart et al. 1996). The recurrence of strains in some
patients observed herein, before and after antifungal treatment or in successive recurrent
infections, supports this observation in the HIV-positive population. Further investigation of
this cross-transmission by obtaining Candida isolates from HIV-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 enzyme 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 HIV-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
concerning 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



Species Cell morphology Cell size Pseudohyphae Clinical sites of isolation Clinical Environmental sites of
appearance Mycoses isolation
C. tropicalis spherical to subspherical 3.0-5.5 x 4.0- |Abundant long, wavy, |major cause of septicemia and disseminated candidiasis, |Opportunistic  |faeces, shrimp, kefir, and soil
9.0 um branched with numerous |especially in patients with lymphoma, leukemia and
ovoid blastoconidia diabetes
C. albicans spherical to subspherical 2.0-7.0 x 3.0- |Pseudohyphae with Represents up to 70% of Candida species isolated from |Cutaneous and |usually from sources
8.5um blastoconidia and infections opportunistic contaminated by human or
terminal vesicles animal excreta, such as polluted
(chlamydoconidia) water, soil, air and plants.
C. dubliniensis  |numerous ovoid 2.0-7.0 x 3.0- |Pseudohyphae with oral, most commonly isolated from recurrent infection  [Cutaneous and
8.5 um blastoconidia and after antifungal treatment opportunistic
terminal vesicles
(chlamydoconidia)
C. famata spherical to ovoid 2.0-3.5x3.5- |none rare, usually from skin infections Opportunistic  [commonly environmental
5.0 um
C. glabrata numerous ovoid 2.0-4.0 x3.0- |none Common on the body surface often found in skin and  |Cutaneous and
5.5um urine. Opportunistic cause of septicemia, pyelonephritis, |opportunistic
pulmonary infections, endocarditis and
hyperalimentation.
C. guilliermondii |spherical to subspherical 2.0-4.0 x 3.0- |Branched pseudohyphae |Numerous infections, mostly of cutaneous origin. Cutaneous normal skin and in sea water,
6.5 um with dense verticils of  |Systemic infections are rare faeces of animals, fig wasps,
blastoconidia. buttermilk, leather, fish and
beer.
C. haemulonii numerous ovoid to globose 3.0-5.0x 3.0- |none Rare, fungemia Opportunistic  |Fish, dolphins
6.5 um
C. kefyr numerous short-ovoid to long- [3.0-6.5 x 5.5- |Abundant, long, wavy, |Rare, superficial cutaneous manifestations rather than  |Cutaneous and |cheese and dairy products.
ovoid, sometimes elongated 16.0um branched, with ovoid systemic disease. Isolated from nails and lung infections |opportunistic

blastoconidia, budding
off singly, in pairs or
chains, often in a
verticillated position.
Pseudohyphae may be
scarce or almost absent.

Table 1a; Morphological characters of 13 medically relevant Candida species.




Species Cell morphology Cell size Pseudohyphae Clinical sites of isolation Clinical Environmental sites of
appearance Mycoses isolation
C. krusei predominantly small, elongated |2.0-5.5 x 4.0- |Abundant long, wavy, |Infant diarrhoea and occasionally systemic disease. Opportunistic  |beer, milk products, skin, faeces
to ovoid 15.0 um branched pseudohyphae [Colonizes the gastrointestinal, respiratory and urinary of animals and birds and pickie
with elongated to ovoid [tracts of patients with granulocytopenia. brine
blastoconidia, budding
off in verticillate
branches.
C. lusitaniae numerous subglobose, ovoid, or |1.5-6.0 x 2.5- |Abundant disseminated candidiasis, including septicemia and Opportunistic  [cornmeal, citrus peel, fruit
elliptical 10.0 um pseudohyphae with pyelonephritis. Colonizes the human respiratory, juices, and milk from cows with
short chains of gastrointestinal and urinary tracts mastitis.
blastoconidia.
C. norvegensis Spherical to ovoid 2.0-3.5 x 3.5- |none very rare, peritonitis and disseminated candidiasis in a |Opportunistic
5.0 um patient on CAPD.
C. parapsilosis predominantly small, globose to |2.0-3.5 x 3.0- |Abundant, much- superficial cutaneous infections (nail) and systemic Opportunistic  |intertidal and oceanic waters,
ovoid, sometimes elongated 4.5 um branched pseudohyphae |disease (endocarditis). Also endophthalmitis and pickle brine, cured meats,
in a delicate tree-like fungemia. olives and normal skin, and
pattern with 2-3 faeces.
blastoconidia in small
clusters at intervals
along the
pseudohyphae.
C. viswanathii numerous globose, ovoid, or 2.5-7.0 x 4.0- |Abundant wavy rarely isolated Opportunistic
cylindrical 12.0 um pseudohyphae with

verticillated branched
chains of blastoconidia.

Table 1b; Morphological characters of 13 medically relevant Candida species.




Species Group G+C content Cellsize Capsule Germ tube Pseudo- Urease Growth on Growth
hyphae Cyclohexamide at 37°C

C. tropicalis Vil 35.9-36.1% - - + - + +

C. albicans VII 34.3-35.6% - + + - + +

C. famata 36.9% - - - - v v

C. glabrata 39.6-40.2% - - - - - +

C. guilliermondii 44.1-44.4% - - + - + +

C. haemulonii 45.9-47.8% - - - - + +

C. kefyr 41.3% - - most + - + v

C. krusei 39.6% - - + v - +

C. lusitaniae 43.4-46.3% - - + - - +

C. norvegensis - - - - - +

C. parapsilosis 40.5% - - + - - +

C. dubliniensis - + + - + +

C. viswanathii 46.3% - B + - + +

C. neoformans var gattii + - - + - + (weak)

C. neoformans var neoformans + - - + - + (weak)

R. rubra + (small) - - + - \4

S. cerevisiae - - v - - v

T. beigelii - - + + \ v

Table 2a; Biochemical characters of 13 medically relevant Candida species and 4 related genera (from Kreger van Rij, 1984).




Fermentation®

Species Glu Mal Gal Tre Suc Lac
C. tropicalis + + + + (d) \4 -
C. albicans + + v v - (some +) -
C. famata v v - v \4 -
C. glabrata + - - \4 - -
C. guilliermondii + - v - + -
C. haemulonii + v - + + -
C. kefyr v v +(d) - \ v
C. krusei + - - - - -
C. lusitaniae + v \% + (d) + (d) -
C. norvegensis +(d) - - - - -
C. parapsilosis + - (some +) v - (some +) - (some +) -
C. dubliniensis

C. viswanathii + + + + (d) \ -
C. neoformans var gattii - - - - - -
C. neoformans var neoformans - - - - - -
R. rubra B - - - - -
S. cerevisiae + v v v v v
T. beigelii - - - - - -

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

Species Glu Gal Mal Tre D-Xyl Starch Succ D-Man L-Ara  D-Gluci Suc Sal Mel Gly
C. tropicalis + + + + + + + + + weak + A% v v v
C. albicans + + + + + + v + v + (d) + (some -) - v \4
C. famata + + + + + v + + + + + + + +
C. glabrata + - - + - - - - - - = - ) v
C. guilliermondii + + + + + - + + + + + + + +
C. haemulonii + + + + + - + + + (d) + + - + +
C. kefyr + + - \% \4 - v v - + v : v
C. krusei + - - - - - + - - - - - - +(d)
C. lusitaniae + v + + + - + + v + + + v +
C. norvegensis + - - - - v + - - - - - - »
C. parapsilosis + + + + + - v + + + + - - +
C. dubliniensis + + + v - [/ ? + - ? + /i = -
C. viswanathii + + + + + + + + + (d) - + + + +
C. neoformans + + + + + \s s + + (d) + + v . v
var gattii

C. neoformans + + + + + v v + + (d) + + v + v
var neoformans

R. rubra + v v + + - v v \ v + v \% %
S. cerevisiae + v+ (some -) v - Y - (some +) A% - - (some +) + (some -) - v v
T. beigelii + + + v + + (d) v % v ? + + (d) v v

Table 2c; Biochemical characters of 13 medically relevant Candida species and 4 related genera (from Kreger van Rij, 1984).




Assimilation

Species Cel D-Rib Ribi L-Sor Cit DL-Lac Pot L-Rham Lac Raf Meli Gala Ery Ino D-Ara
C. tropicalis v \4 \% v v = . : . - - - - -
C. albicans - v (some +) - (some +) v v - - - - - - . - .
C. famata + + v v + - v v + v v v - \
C. glabrata - - - - v - - - - ? - : - .
C. guilliermondii + + +(d) + v B + - + + + (d) - - + (d)
C. haemulonii - + (d) - + : = + . +(d) = +(d) & - -
C. kefyr v - v \% + - - + + - . = . -
C. krusei - - (some +) - v \ + - - - = - - - - ,
C. lusitaniae + + (d) + v v + B + - - - - = - v
C. norvegensis + - - + . = - - E = - . . -
C. parapsilosis - + (d) v v v - - - = - - . - -
C. dubliniensis - ? - % . ? - - - - ? - - ?
C. viswanathii - + - + - - - - - < - = - -
C. neoformans + (W) + (w) v v v v - + v + - +d + +
var gattii (W)

C. neoformans + (W) + (W) v v \4 \4 B + - + - + (d) - + +
var neoformans (w)

R. rubra v + (some -) v v v - v - + - v - - +(d)
S. cerevisiae - - - - v - - 5 + v R = & 2
T. beigelii + + (some -) v \% \ + (d) - v + \% v - (some +) \ \4 v

Table 2d; Biochemical characters of 13 medically relevant Candida species and 4 related genera (from Kreger van Rij, 1984).

Additional characters for Candida dubliniensis identification

Species

Sor

2-Keto

N-Ag Gluc Pal D-Rib Glucur Glucon Esculin

C. dubliniensis

+

+

+ + s -




Antifungal Class Mode of action

Amphotericin B | macrocyclic polyene Binds to ergosterol, a major cell membrane component, compromising its strength. Can
cause oxidative damage to fungal cells

synthetic bis-triazole Inhibits step in ergosterol synthesis, decreasing cellular ergosterol and increasing
accumulation of methylated sterols.

Fluconazole

5-fluorocytosine | synthetic fluorinated pyrimidine | Converted into 5-fluorouracil and incorporated into RNA, blocking protein synthesis.
Blocks thymidylate synthetase and inhibits DNA synthesis

Itraconazole synthetic dioxolane triazole Same mode of action as fluconazole
Ketoconazole synthetic dioxolane imidazole Interferes with ergosterol synthesis
Miconazole synthetic phenethyl imidazole Interferes with ergosterol synthesis. At high concentration, interacts with membrane

lipids causing direct membrane damage

Table 3; Classification of antifungals commonly used to treat Candida infections. Derived from Richardson and Warnock (1994) Fungal infection;

diagnosis and management (London Blackwell Scientific Publications).



APPENDIX 2



HIV Antifungal
Isolate Code Sex status Site of Isolation Candidiasis Infection Resistance Patient’s Therapy Other Notes
CBS 562 skin disorder C. albicans Type strain
17484 human C. albicans
Kluveromyces marxianus (C.
CBS 834 kefir grains kefyr) b Type strain
ATCC 46764 C. kefyr
15526 human C. dubliniensis
CBS 7987 C. dubliniensis Type strain
CBS 4024 cerebrospinal fluid C. viswanathii Type strain
ATCC 22981 C. viswanathii
ATCC 2601 Saccharomyces cerevisiae
Pichia guilliermondii (C.
CBS 566 guilliermondii) Type strain
ATCC 6260 C. guilliermondii
CBS 604 C. parapsilosis Type strain
ATCC 220189 C. parapsilosis
pregnant woman'’s Pichia norvogensis (C.
CBS 6564 vagina norvogensis} Type strain
Trichosporon cutaneum Type
CBS 2466 strain
Cryptococcus neoformans var.
CBS 6289 human gattii Type strain
fermenting fruit C. neoformans var, neoformans
CBS 132 Juice Type sirain
C. glabrata (Torulopsis glabrata)
CBS 138 human faeces Type strain
Clavispora lusitaniae (C
CBS 6936 citrus peel juice lusitaniae) Type strain
ATCC 42720 C. lusitaniae
CBS 94 human C. tropicalis Type strain
ATCC 13803 C. tropicalis
Issatchenkia orientalis (C. krusei)
CBS 573 Type strain
ATCC 6258 C. krusei
gut of Haemulon
CBS 5149 sciurus C. haemulonii Type strain
CBS 940 air C. famata Type strain
ATCC 90028 Blood systemic C. albicans
ATCC 90029 Blood systemic C. albicans
ATCC 90030 Blood systemic C. glabrata
ATCC 90118 Sputum gastric C. parapsilosis
Cerebrospinal
ATCC 90112 fluid nervous C. neoformans var. neoformans
Cerebrospinal
ATCC 90113 iluid nervous C. neoformans var, gattii
Cc1 M - Undiluted Saliva -
S1 M - Undiluted Saliva - Not C. albicans
S2 M - Undiluted Saliva - Taking antibiotics
S3 F - Undiluted Saliva o BHSc
S4 F - Undiluted Saliva -
S5 M - Undiluted Saliva -
S6 F - Undiluted Saliva - Taking antibiotics
S7 F - Undiluted Saliva - BHSc
S8 M - Undiluted Saliva -
S9 F - Undiluted Saliva .
S10 M - Undiluted Saliva - BHS¢
S11 F - Undiluted Saliva - BHSc, taking antibiotics
812 M - Undiluted Saliva -
S13 M . Undiluted Saliva -
S14 F - Undiluted Saliva - Taking antibiotics
S15 M - Undiluted Saliva -
S16 M - Undiluted Saliva .
817 F - Undiluted Saliva = BHSc
S18 M s Undiluted Saliva -
S19 F - Undiluted Saliva £ Not C. albicans
S20 F - Undiluted Saliva -
S21 F - Undiluted Saliva - Not C. albicans
S22 M - Undiluted Saliva - Betadine mouth rinse
S23 F - Undiluted Saliva

Table 1 Details of the clinical Candida isolates used



HIV Antifungal
Isolate Code Sex status Site of Isolation Candidiasis Infection Resistance Patient's Therapy Other Notes
Fluconazole, Mixed infection with C. krusei;
moderate 5- resistant to Fluconazole,
*12716 M + Oral Swab + flurocytosine Itraconazole and 5-flurocytosine
Outpatient. Reidentified WCH on
14130 M + Oral + - Fluconazole 14/12/95 - Trichosporon cutaneum
Germ-tube negative, recurrent
15526 M 1 Oral + Ketoconazole infection
16272 M ? Systemic; Blood ? -
16517 M ? Systemic; Blood ? - Penicillin
QOesophageal Fluconazole,
17130 F + Biopsy + ltraconazole Fluconazole
Fluconazole,
ltraconazole, 5
17484 M + Throat Swab + flurocytosine Ketoconazole
17640 M + Oral + -
18502 M + Oral + - liraconazole trial Low CD4 count
Multiple abscess and on liver
taken at laparotomy; from C.
albicans, enterococci and multiple
18527 M ? Pancreas 7 B resistant P. aeruginosa
Oral Buccal
18715 M + Mucosa Swab + Fluconazole Fluconazole
18735 F ? Systernic; Blood ? -
1A M + Oral Rinse +
1B M + Oral Rinse + Genetically identical
2A M + Oral Rinse +
2B M + Oral Rinse + Genetically identical
5A M + Oral Rinse +
Genetically different
5B M + Oral Rinse + Two colonial marphologies.
P1 Differant virulence
A2 in mouse model
Previous microscopy +ve for
19426; fungal elements but not cultured -
1A1106 M +  Swab OHL tongue + recultured
20719;
1B1to6 M + Oral Rinse +
23603;
1C1to6 M + Oral Rinse +
24852,
1D.1t0 6 M + Oral Rinse ?
26403; Oropharyngeal Sensitivities requested especially
1E1to 6 M + Palaie Swab candidiasis nil at present ketoconazole
26404; Oropharyngeal Sensitivities requested especially
1Fito6 M + Oral Rinse candidiasis nil at present ketoconazole
Was on ltraconazole trial (placebo?),
19436; Buccal Mucosa 14 days Keloconazole, now fungalin  Oropharyngeal and oesophageal
2A1t06 M + swab + lozenges candida
Was on Itraconazole trial (placebo?),
19437, 14 days Ketoconazole, now fungalin  Cropharyngeal and cesophageal
2B.1to6 M + Oral Rinse + lozenges candida
19438; Swab floor of
3A1t06 M + mouth + Fom, candidiasis
19453;
4A1106 M ? Oral Rinse T Culture for C, albicans presence
19468; Radiotherapy for ?. Xerostomia
5A1t06 M 2 Tongue swab ? Glossilis and coated tongue
19483;
6A.1106 M ? Oral Rinse +
19502,
7A1t06 M + Oral Rinse +
19503;
BA1106 M + Oral Rinse +
21561;
8B.1106 M + Oral Rinse +
27108;
8C.1t06 M + Oral Rinse ?
18596;
9A.1t06 M + ? +
22487,
9B.1106 M + Qral Rinse ?
22488; Swab
9C.1t06 M + Palate/Throat ? fluconazole Fluconazole Low CD4+ count
26072;
9D.1t0 6 M + Oral Rinse ?
27262;
9E.1to6 M + Swab Pharynx Oesophageal? Fluconazole Sensilivity to FCZ requested
27263;
9F.1106 M + Oral Rinse Oesophageal? Fluconazole Sensitivity to FCZ requesied

Table 1 Details of the clinical Candida isolates used
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Isolate Code Sex status Site of Isolation Candidiasis Infection F 1ce Patient’s Therapy Other Notes
27379;
9G.1t06 M + Oral Swab ? Sensitivity to FCZ requested
27380;
9H.1t0 6 M + Oral Rinse ? Sensitivity to FCZ requested
19597,
10A.1t106 M? + ? +
19636,
11A1to6 F + Oral Rinse +
19717;
12A 1106 M + Mouth Swab ?
19718;
13A.1to B M + Mouth Swab ?
19719;
14A. 1108 M + Oral Swab +
19775;
15A1to6 M + ? ? C. glabrata
19776;
16A.1t106 M + ? ?
19777,
17A.1106 M + ? ?
20937;
17B.1to 6 M + Oral Rinse -
22055;
17C1t0 6 M + Oral Rinse ?
22056;
17D.1to6 M + Swab of Palate ?
22151;
17E1106 M + Oral Rinse +
22490;
17F. 1106 M + Oral Rinse +
22939;
17G.1to6 M + Oral Rinse +
Previous cultures taken - A
22940, Candida strain resistant 1o
17H.1t0 6 M + Palate Swab + fluconazole
19889;
18A.1t06 M + Mouth Swab ?
19890;
19A.1t0 B M + Oral Rinse ?
22836; Buccal mucosal
19B.1106 M + swab ?
23720;
19C.1to 6 M + Oral Rinse ?
25002;
19D.1t0 6 M + Oral Rinse ?
19905;
20Aito6 M + ? ?
19995;
21A1t0 6 F + Oral Rinse +
24090,
21B.1to 6 F + Oral Rinse +
19996;
22A1t06 M + Oral Rinse ?
Fiuconazole resistant candidiasis,
26861; Germ tube positive, FCZ
22B.1t0 6 M + Oral Rinse + Fluconazole 100mg/day fluconazole (triaf) resistance required
Resistance to fluconazole,
27104; Oral Swab Hard ketaconazole and amphoteracin B
22C.1t06 M + Palate + requested
Resistance to fiuconazole,
27105; Oral Swab Floor ketaconazole and amphoteracin B
22D.1to6 M + of Mouth + requested
Pseudomembranous Resistance to amphoteracin B
? M + Retromolar ? candidiasis requested

Resistance to fluconazole,
ketaconazole and amphoteracin B

? M + Oral Rinse + requested
Pseudomembranous
27290; candidiasis on hard Resistance to amphoteracin B
22G.1toc6 M + Hard Palale Swab palate requested
Pseudomembranous
27291; candidiasis on hard Resistance to amphoteracin B
22H.1to6 M + Oral Rinse palate requested
27397,
2211to 6 M + Oral Rinse ?
19941;
23A.1t06 M + Oral Rinse +
20454; OHL Tounge
23B.1106 M + Swab OHL Fungilin
20473;
23C.1to6 M + Oral Rinse ?
22390;
23D.1t0 6 M + Oral Rinse ?
19942; Resection for fom scc & rnd & rl to
24A 1106 M + Swab Fom + Nilstal oral drops bilateral neck.

Table 1 Details of the clinical Candida isolates used
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Isolate Code Sex status Site of Isolation Candidiasis Inf

Antifungal

R ce

Patient’s Therapy Other Notes

20019;

25A.1t106 M +
20044,

26A1t06 M +
20939;

26B.1to6 M +
20069,

27A1106 M +
20082;

27B.1t0 6 M +
23117;

27C1t06 M +
20084;

28A.1t0 6 M +
20089;

29A1t06 M +
21507;

29B.1to6 M +
20090;

30A1to6 M +
20168;

31A1t06 M +
20986;

31B.1t0 6 M +
20987;

31C.1t06 M +
21527,

31D.1t06 M +
24049;

31E1to6 M +
20169;

32A1t06 M +
20170;

32B.1to6 M +
20171;

33A1t06 M +
22789;

33B1to6 M +
20187;

34A.1t106 M +
22788;

34B1to6 M +
27107;

34C1t06 M +
20196;

35A1t06 M +
20197,

35B.1to6 M +
20198;

35C.1t106 M +
20199;

36A 1106 M +
20200;

37A1t06 M +
20418;

37B.1106 M +
20419;

37C.1t06 M +
20339;

3BA. 1106 M ?
20384;

39A1t06 M +
21852;

39B.1t06 M +
24442,

39C.1t06 M +

26269,
39D.11t06 M +

26270,

39E.1106 M +
20386;

40B.1to 6 M +
22389,

40C.1106 M +
23931;

40D.1to6 M +
24132;

40E. 11086 M +
24270;

40F.1106 M +
24408;

40G.1t06 M +

Swab
Oral Rinse
Tongue Swab
Oral Rinse
Tongue Swab
Oral Rinse
Throat Swab
Oral Rinse
Ora! Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Tongue swab
Oral Rinse
Oral Rinse
Swab OHL
Tongue
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Swab Buccal
Mucosa
Swab
Oral Rinse
Oral Rinse
Oral Rinse
Tongue Swab
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse

Oral Rinse

Oral Rinse

Oral Swab
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse

Oral Rinse

Red Throat

OHL

OHL

Table 1 Details of the clinical Candida isolates used

fluconazole?

AZT

Red Throat

Previous isolate fluconazole
sensitive

On 50mg fluconazole a day
OHL

OHL

Growth on agar slopes very
adhesive and granular
Growth on agar slopes very
adhesive and granular

Candida species

Onty One Colony

Chemotherapy for lymphoma,
fluconazole and miconazole

fluconazole sensitivities requested
Chemotherapy for lymphoma,
fluconazole and miconazole

fluconazole sensitivities requested

Only two colonies

Candida species (not Ca) yeast,
germ tube +, looks mixed



HIV Antifungal

Isolate Code Sex status Site of Isolation Candidiasis Infection F ce Patient’s Therapy Other Notes
24853;
40H1to6 M + Oral Rinse ?
25361;
40l.1t0 6 M + Oral Rinse ? Candida species
25811; Amp B sensitivity testing
40J.1t0 6 M + Oral Rinse ? Amphoteracin B? requested
20387;
41A1106 M + Oral Rinse ?
20400;
42A1106 M + Oral Rinse ? Not previously treated
20401;
42B,1106 M + Tongue Swab ? Not previously treated
21724;
42C1to6 M + Oral Rinse ?
23721,
42D.1106 M + Oral Rinse ?
23721;
42E1106 M + Oral Rinse 7
20402; Fluconazole, dosage recently 43A.3-6 Growth on agar slopes
43A1tc6 M + Tongue Swab ? increased very adhesive and granular
21369; Growth on agar slopes very
43B.1t0 6 M + Oral Rinse ? adhesive
20417;
44A1t0 6 M + Oral Rinse ?
26711,
44B1to6 M + Oral Rinse + Candida palate and tongue
26712;
44C 1106 M + Palate Swab + Candida palate and tongue
271086;
44D.11t0 6 M + Oral Rinse ?
27214, Resistance to amphoteracin B
44E.1t0 6 M + Oral Rinse ? requested
20445; Swab from OHL
45A.1t0 6 M + on Tongue OHL
20471,
46A.110 6 M + Oral Rinse ?
21911;
46B.1to6 M + Oral Rinse ?
23934;
46C1to6 M + Oral Rinse +
24146;
46D.1t0 6 M + Oral Rinse +
25467; Amp-B sensitivity requested Trial
46F.1t06 M + Oral Rinse 2 completed
26071,
46G. 1106 M + Oral Swab ?
20472;
47A.110 6 M + Oral Rinse ?
20544; Tongue Swab,
4BA1t0 6 M + OHL OHL OHL lateral ? tongue
20545;
48B.1t06 M + Oral Rinse OHL OHL lateral ? tongue
20546;
49A1t0 6 M + Oral Rinse ?
20547,
50A.1106 M + Oral Rinse ?
22180;
50B.1t0 6 M + Oral Rinse ?
23933;
50C.1t06 M + Oral Rinse ?
20559;
51A1to 6 M + Oral Rinse ?
21722;
51B.1t0 6 M + Oral Rinse ?
Colony 52A.6 Labelled 26A.6 on
20560, McCartney, 2 colony lypes - one
52A.1t06 M + Oral Rinse ? very adhesive
20561;
52B1to6 M + Tongue Swab ? White ? tongue
23724;
52C.1t06 M + Oral Rinse + candidiasis - dorsum of tongue.
20652; 53A.1-6 growth on agar slopes
53A1to6 M + Oral Rinse 7 very adhesive
21122;
53B.1to6 M + Oral Rinse ?
21562;
53C.1t06 M + Oral Rinse ?
20651; 54A.1 growih on agar slopes very
54A1to6 M + Oral Rinse ? adhesive
20720;
54B.1t0 6 M + Oral Rinse ?
20938;
54C.1t06 M + Oral Rinse ?

Table 1 Details of the clinical Candida isolates used
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Isolate Code Sex status Site of Isolation Candidi Infection F ce Patient’s Therapy Other Notes
21066,
54D.1106 M + Oral Rinse ?
21265;
54E.1t0 6 M + Oral Rinse ?
21681;
54F.1to 6 M + Oral Rinse ? Amphotericin B trial
22323;
54G.1to6 M + Oral Rinse ?
22326;
54H.1t0 6 M + Oral Rinse ? Amphotericin B trial
22808;
541.1t0 6 M + Oral Rinse ? Amphotericin B trial
Oral
24394, pseudomembranous
54J1t06 M + Oral Rinse candidiasis Amphotericin B trial
Oral
24395; pseudomembranous
54K.1t06 M + Oral Swab candidiasis Amphotericin B trial
20649;
55A.1t0 6 M + Oral Rinse ?
22125;
55B.1t06 M + Oral Rinse kil
Post radiotherapy patient, not
20650; HIV+. 56A.2 and .4 growth on
56A.110 6 M + Oral Rinse carrier agar slopes very adhesive
21680;
56B.1to6 M + Oral Rinse carrier Post radiotherapy patient
20701;
57A.1t0 6 M + Tongue Scrape ?
20702;
57B.1t0 6 M + Oral Rinse ?
21618;
57C1106 M + Oral Rinse ?
20698; CD4<200, OHL tongue and coated
58A1t06 M + Oral Rinse OHL with white plaques
CD4<200, OHL tongue and coated
with white plaques. 58B.5-6
20699; Growth on agar slopes very
58B.1t06 M + Tongue Swab OHL adhesive and granular
22305,
58C.1t06 M + Oral Rinse ?
27264;
58D. 1106 M + Oral Rinse ?
20700; 59A.4 Growth on agar slopes very
59A1t06 M + Oral Rinse ? adhesive and granular
24877,

59B.1to6 M + Tongue Swab  Median Rhomboid ?

24878; Erythematous
59C.1t0 6 M + Palate Swab  candidasis hard palate
24879,
59D.1t0 6 M + Oral Rinse +
25003;
59E. 1106 M + Oral Rinse ?
25004;
59F. 1106 M + Palale Swab ?
25362;
69G.1to6 M + Oral Rinse ?
25884;
59H.1to 6 M + Oral Rinse ?
26625;
59l.1t0 6 M + Oral Rinse ?
20734;
60A.1t06 M + Mouth Swab ?
25952;
60B.1t0 6 M + Oral Rinse ?
25953;
60C.1106 M + Tongue Swab ?
25954,
60D.1t0 6 M + Palate Swab ?
21006;
61A1to6 M + Tongue swab ?
Mouth swab
21123; (penile swab not
62A.1t0 6 M + sent over) ?
25885;
62B.1t0 6 M + Oral Swab ?
21128;
63A 1106 M + Tongue? Swab  OHL and candidiasis
21129;
63B.1t0 6 M + Cral Rinse OHL and candidiasis
21130;
63C.1to6 M + Oral swab OHL and candidiasis
22057,
63C.1to6 M + Oral swab ?

Table 1 Details of the clinical Candida isolates used

HIVAb+, immunosuppressed,
clinical HSV of penile shaft

White plaques on retromolar
mucosa
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Isolate Code Sex status Site of Isolation Candidiasis Infection

Antifungal
Resistance Patient’s Therapy Other Notes

22058;
63D.1t0 6
22236;
63E.1106
22237,
63F.1t0 6
22238;
63G.1t06
22325;
63H.1t0 &
22616;
63l.1t06
22619;
63J.1106
22620;
63K.1t0 6
23116;
63L.1to6
23118;
63M.1t0 6

23317,
63N.1t0 6
23318;
630.1t06
23319;
63P.1t0 6
23722;
63Q.1t0 6
23723;
63R.1106
24131;
63S.1t0 6
21264;
64A.1t06
21369;
64B.1t0 6
25043;
64C.1t0 6
21333;
65A.1t0 6
21334;
65B.1t0 6
21367;
66A.1t0 6
21563;
66B.1t0 6
22237;
66D.1 106
22618;
66E.1t0 6
22623;
66F.1t0 6
23119;
66G.1t0 6
21368;
67A.1t0 6
21560;
68A.11t06
23932;
68B.1to 6
25316;
68C.1t0 6
25317;
68D.1106
25810,
68E.11c 6
26283;
68F.1106
26557,
68G.1t0 6
27197,
68H.1t0 6
27198;
68l.1t06
21682;
69A.1t0 6
21683;
70A.1t0 6
21723;
71A1t0 6
21853,
71B.1to 6
21912;
72A.1t0 6

M

M

+

+

Oral Rinse
Tongue Swab
Palate Swab
Oral Rinse
Oral Rinse
Oral Rinse
Oral Swab
Oral Swab
Tongue

Oral Swab

Oral Rinse

Oral Swab, lateral
border of tongue

Oral Swab

Oral Rinse

Oral Rinse

Swab

Oral Rinse

Oral Rinse

Oral Rinse

Oral Rinse

Oral Rinse

Oral Swab

Oral Rinse

Candida culture

Oral Rinse
Swab
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Pharynx Swab
Oral Rinse
Oral Rinse

Oral Rinse

Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse
Oral Rinse

Oral Rinse

?

”

pseudomembranous
candidiasis
pseudomembranous
candidiasis
pseudomembranous
candidiasis, OHL
likelihood
Candidiasis (buccal
mucosa)

”

Angular chelita?

OHL

OHL

Table 1 Details of the clinical Candida isolates used

Amphoteracin B topical

not Candida albicans, unidentified
Candida species

not Candida albicans, unidentitied
Candida species

Amp-B sensitivily requested

Amphoteracin B topical therapy Both cullures labelled 68E.1

Candida glabrata
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Isolate Code Sex status Site of Isolation Candidiasis Infection

Antifungal

Resistance Patient’s Therapy Other Notes

22126:
73A1106 M
22322,
74A1106 M
22324;
75A1106 M
22364;
76A.1106 M
22365;
76B.1106 M
22366;
771106 M
22367;
77B1106 M
22422;
78A.11068 M
22423;
79A1106 M
22489;
80A1106 M
22617;
81A1106 M
22621;
82A.1106 M
20622;
83A1106 M
22790;
84A1106 M
22791;
84B.1106 M
26410;
84C.1106 M
27196;
84D.1106 M
27230;
84E.1106 M
27311;
84F1106 M
27312;
84G1t06 M
23316;
85A.1106 M
23501;
86A 1106 M
23559,
87A1106 M
24050;
88A.1106 M
26170;
88B.1106 M
26171;
88C.1106 M
26256;
88D.1t06 M
26257;
8BE. 1106 M
26258;
88F.1106 M
26367;
88G.1106 M
26368;
88H.1t06 M
26860;
88l.1to6 M
27212;
gelito4 M
27213;
88K.1t04 M
24130;
89A.1106 M
24213;
90A 1106 M
24256;
91A.1106 M

Oral Rinse ?
Oral Swab ?
Oral Rinse ?
Oral Rinse ?
Oral Rinse 2
Oral Swab ?
Oral Rinse ?
Oral Rinse ?
Swab - Floor of
Mouth ?
Oral Rinse ?
Oral Rinse ?
Oral Rinse ?
Oral Rinse 2
Oral Rinse +
Palate Swab +
Tongue Swab +
? ?
Oral Ringe ?
Oral Rinse 7
Oral Swab 7
Oral Swab 7
Oral Rinse ?
Tongue Swab ?
Oral Rinse ?
Oral Rinse +
Oral Swab +
Oral Rinse +
Left buccal
mucosal swab +
Right buccal
mucosal swab +
Left Buccal Pseudomembranous

Mucosal Swab  candidiasis over OHL

Pseudomembranous
Oral Rinse candidiasis over OHL
Oral Rinse ?
Swab Buccal
Mucosa Left 2
Oral Rinse ?
Oral Rinse i
Oral Rinse ?
Oral Rinse ?

Table 1 Details of the clinical Candida isolates used

Not C. albicans

Not C. albicans

CD4 160

two 81A,2 and 81A.3, no 81A.1 or
81A.4 - relabelled

Fluconazole Candida species

Fluconazole

Sensitivity to fluconazole,
itraconazole, ketoconazole and
amphoteracin B requested
Sensitivity to fluconazole,
itraconazole, ketoconazole and
amphoteracin B requested

Candida species, not C.albicans

none

Oral pseudomembranous
candidiasis, sensitivity to
amphotericin B requested
Oral pseudomembranous
candidiasis, sensitivity to
amphotericin B requested

candidiasis, oral hairy leukoplakia
candidiasis, oral hairy leukoplakia,
sensitivity to amphoteracin B
requested
candidiasis, oral hairy leukoplakia,
sensilivity to amphoteracin B
requested

pseudomembranous candidiasis,
oral hairy leukoplakia, sensitivity to
amphoteracin B requested

pseudomembranous candidiasis,
oral hairy leukoplakia, sensitivity to
amphoteracin B requested

Germ tube positive
Resistance to amphoteracin B
requested

Candida species, germ tube + but
7, mixed with other yeasls



HIV Antifungal
Isolate Code Sex status Site of Isolation Candidi Infoction Resistance Patient’s Therapy Other Notes

25436,

92A,1t0 6 M + Oral Rinse ?
Pseudomembranous candidiasis,
left tongue, lateral border,

26172; Oral Swab sensitivity to amphotericin B
93A.1t0 6 M + Tongue + requested

26369; sensitivity to amphotericin B
93B.1to6 M + Oral Rinse ? requested

26459;
93C.1t0 6 M + Oral Rinse ?

26460; Left Swab Floor of Pseudomembranous sensitivity to amphotericin B
93D 1tc6 M + Mouth candidiasis? requested

26461, Pseudomembranous sensitivily to amphotericin B
93E.1to6 M + Right FOM Swab candidiasis? requested

26458,
94A1t06 M + Oral Rinse ?

26603;
95A. 1106 M + Oral Rinse ?

26859; Sensitivity to fluconazole
96A.1t0 6 M + Cheek Swab ? requested

27072;
97A.1t0 8 M + Oral Rinse ?

27110; Oral Swab
97B.1t06 M + corners of mouth angular chelitis

27229, Oral Swab angle
9701106 M + of mouth

27073; Candida species, Sensitivity to
98A. 1106 M + Oral Rinse ? fluconazole requested

27199;
99A. 1106 M + Oral Rinse ?

27265;
100A1t06 F + Oral Rinse 2

27289, Sensitivity to amphoteracin B
101A1t06 M + Oral Rinse 1] requested

Table 1 Details of the clinical Candida isolates used



Enzyme locus

Loading position

Running time

Running buffer

Special conditions

ACON
ACP
ADA
ADH
ADH
ADH*
AK
ALD
ALD
AP
AP

AP

DIA
ENOL
ENOL
EST
EST
FDP
FDP
FUM
FUM
GDA
GDH
GDH

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
cathode
cathode
cathode
cathode
cathode
cathode

cathode
cathode
cathode
cathode
cathode
middle
anode

cathode

middle

12 hr
1¥2 hr
1% hr
1 hr

12 hr
1% hr
1¥2 hr
1¥2 hr
1V4 hr
1% hr
1v4 hr

1% hr

1 hr
1 hr
1% hr
1 hr
1% hr
1¥2 hr
1% hr
1 hr
1% hr
1 hr
1 hr
12 hr

1% hr
1% hr
1hr
1hr
2 hr
2 hr
2 hr
2 hr

2 hr

Phos
™
Phos
CP
Phos
™
™
™
™
TEB
™

™

Phos
CP
Phos
Phos
™
™
Phos
™
™
Phos
™
™

Phos
TEB
Phos
™
CP
CP
CP
Phos

Phos

1.2 ml 70% EtOH
1.6 ml 70% EtOH

Post couple 1¥2 hr
Freeze thawed +
sonicated samples
Post couple 2V2 hr
Freeze thawed +
sonicated samples
1.2ml DCIP

sample preparation
testing

negative stain

Freeze thawed +
sonicated samples
Freeze thawed +
sonicated samples
Freeze thawed +
sonicated samples
Freeze thawed +
sonicated samples
Freeze thawed +
sonicated samples

* 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 enzyme loci screened for the allozyme electrophoresis component of

this thesis.



Enzyme locus

Loading position

Running time Running buffer

Special conditions

G6PD

G6PD
GPI
GP1

GPI
GPT
HK
HK
HK
HK
HK
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

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

2 hr

1% hr
1 hr
12 hr

1% hr
1 hr

1 hr

1¥2 hr
1v2 hr
1¥2 hr
1% hr
1¥2 hr
1¥2 hr
1¥2 hr
1¥2 hr
1% hr
1¥2 hr
1% hr
12 hr
2 hr

2 hr

2 hr

2 hr

2hr

2 hr

1% hr
1 hr

1v2 hr
1% hr
1 hr

1¥2 hr
1¥2 hr
1 hr

1¥2 hr
1v2 hr
12 hr

Phos

Phos
™
™

Phos
Phos
™
Cp
Cp
Cp
Phos
Phos
Phos
TEB
TEB
TEB
™
™
™
CP

Cp

CP

Phos

Phos

Phos

™
Phos
Phos
Phos
Phos
™
™
™
Phos
CP
CP

Freeze thawed +
sonicated samples

sample preparation
testing

Freeze thawed +
sonicated samples
Freeze thawed +
sonicated samples
Freeze thawed +
sonicated samples
Freeze thawed +
sonicated samples
Freeze thawed +
sonicated samples
Freeze thawed +
sonicated samples

? 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 enzyme loci screened for the allozyme electrophoresis component of

this thesis.



Enzyme locus Loading position  Running time Running buffer _Special conditions

MDH anode 1V2 hr CP

MDH cathode 1¥2 hr Phos

MDH middle 12 hr Phos

MDH anode 1¥2 hr Phos

MDH cathode 1¥2 hr TEB

MDH middle 1¥2 hr TEB

MDH anode 1V2 hr TEB

MDH cathode 1¥2 hr ™

MDH middle 12 hr ™

MDH anode 1v2 hr ™

MDH cathode 1v4 hr CP Freeze thawed +
sonicated samples

MDH cathode 1%4 hr ™ Freeze thawed +
sonicated samples

ME cathode 1% hr Phos

ME cathode 1Y4 hr CP Freeze thawed +
sonicated samples

ME cathode 1% hr ™ Freeze thawed +
sonicated samples

MPI cathode 1¥2 hr ™

NDPK cathode 1v2 hr TEB

NDPK cathode 1% hr Phos

NP cathode 1¥2 hr Phos

NP cathode 1% hr Phos

OGR cathode 1% hr Phos

PepA cathode 1 hr CP

PepA cathode 1 hr Cp

PepA cathode 1Y hr Cp

PepB cathode 1 hr Cp

PepB cathode 1% hr Ccp

PepC cathode 1 hr Cp

PepD cathode 1 hr Cp

PGAM cathode 1 hr CP

PGAM cathode 1% hr Phos

6PGD cathode 1 hr ™

6PGD cathode 1¥2 hr ™

6PGD cathode 1V4 hr Phos

PGK cathode 1hr CP

PGM cathode 1 hr ™

PGM cathode 1% hr Phos

PK cathode 1 hr CP

PK cathode 1% hr Phos

UMPK cathode 1hr Phos

* 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 enzyme loci screened for the allozyme electrophoresis component of
this thesis.



100l of 5% Chelex beads

5ul cell pellet *

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 10-20ul of supernatant for PCR amplification N

 Use the cell pellets harvested for allozyme electrophoresis, after sonication and lysate collection.

® One Chelex bead is enough to inhibit PCR amplification.

Table 3; Protocol for the extraction of DNA from Candida using Chelex beads




PCR mix

5ul of one of the initial PCR primers *
8l dye terminator sequencing kit mix
Sul PCR product

2ul H,O

* One reaction per primer

PCR protocol
94°C for 30 seconds

25 cycles of  94°C for 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 80ul H,O to the 20l sequencing PCR product

Transfer to a reaction tube containing 10% v/v Na-acetate and 2.5 volumes 100% EtOH
Incubate overnight at -20°C

Centrifuge for 30 minutes at 15,000rpm at 4°C

Discard the supernatant

Add 500pl of 70% EtOH to the pellet

Centrifuge for 20 minutes at 15,000rpm at 4°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




APPENDIX 3



Isolate | 16272 | 17640 | 18735 | 12716 | 18502 | 17484 | 16517 | 18527 | 14130 | 17130 | 18715
17640 43

18735 43 54

12716 57 38 75

18502 40 23 46 46

17484 92 75 85 50 75

16517 46 58 25 75 58 92

18527 27 43 46 57 36 83 50

14130 77 58 67 82 67 82 73 75

17130 50 31 58 23 38 55 67 50 73

18715 40 21 62 29 29 58 67 47 75 29

15526 80 85 86 85 100 92 83 86 75 92 86

Table 1; Matrix of the percentages of loci at which fixed differences occurred in the Pilot Screen.




Isolate 18527 7B 18502 T7B5 | ATCC A 8735 VA AT TAZ EC] 17481 TTE40 15526 ATCC | ATCC ATCC 1784 18715 ATGC 1483 2A 7R3 16517 Z6 7B 6 Az 1782 12716 ATCT B3 P 4150 Tara | WAS | & | 1710 |
90029 20113 90112 | soces 90030 20118
T7B.1 58
18502 52 35
17ES 53 15 40
ATCC 20029 80 32 48 42
A 50 6 35 19 35
V&7 40 a7 43 37 50 38
17A5 50 22 40 11 35 13 32
17A1 62 15 36 20 38 12 43 15
17A2 52 20 36 15 43 12 48 15 g
L] 50 13 25 20 44 6 40 19 13 13
17458 50 47 26 35 58 47 53 33 42 42 36
17640 59 13 17 19 47 25 53 a1 17 17 13 38
15526 94 88 89 88 83 80 72 88 89 89 86 94 94
ATCC 0113 86 69 n 77 64 83 71 79 64 71 83 79 75 85
ATCC 20112 71 73 71 67 76 79 76 71 71 59 79 75 79 a3 38
ATCC Boc2e: 48 10 32 25 33 ] 33 20 23 28 13 47 22 5 71 71
1784 57 5 45 10 43 12 48 20 23 23 19 42 28 89 79 71 23
8715 52 45 14 40 52 L2l 43 40 45 45 31 26 28 89 79 76 M 55
ATCC 50030 53 6 26 18 32 13 kX 26 21 21 20 a4 13 82 71 75 5 21 37
1783 50 5 43 10 40 6 40 16 19 14 13 44 24 89 79 69 14 -} 52 17
2A 52 26 24 37 45 19 40 30 29 38 13 33 24 89 79 82 24 33 29 26 30
17TA3 57 15 45 20 38 6 48 10 9 9 13 42 28 | 89 Al 65 23 14 55 26 10 33
16517 43 40 4 40 38 29 29 30 41 36 31 53 50 79 79 71 36 41 50 37 33 a8 36
2B 50 33 24 33 53 44 35 31 35 a7 33 25 38 93 75 80 41 4 18 40 44 19 41 53
B8 52 10 41 5 48 12 43 20 18 14 13 42 22 89 79 71 23 14 50 21 5 33 18 36 a7
A2 39 47 58 47 37 M 39 44 53 53 44 59 59 71 85 81 47 53 58 41 50 50 53 32 53 53
1782 55 5 10 11 37 13 3z 21 15 20 19 47 19 88 64 69 15 15 45 17 10 30 20 40 33 10 a7
12718 13 40 45 40 52 29 52 35 50 M 31 42 39 89 86 71 36 41 41 37 38 43 a1 50 47 45 47 45
ATCC 50118 92 69 85 i 62 77 77 77 89 77 77 92 69 92 45 58 69 77 85 69 77 77 77 85 85 77 85 69 77
SA 80 50 43 55 60 50 50 47 52 52 40 44 41 B89 7 69 43 57 48 39 55 50 57 62 38 57 61 47 48 i
P1 50 16 38 21 35 18 45 21 29 24 19 39 28 84 79 Kl 24 19 48 17 15 35 19 38 47 24 a7 26 29 77 50
14130 94 a9 95 89 89 93 94 94 89 89 92 88 88 68 92 a3 95 89 95 94 89 94 83 95 93 84 94 82 95 100 89 89
16272 38 40 45 35 38 29 38 25 4 32 31 42 44 84 79 65 32 41 50 32 33 43 36 23 47 36 42 35 41 85 38 38 95
1746 50 21 33 18 38 12 40 5 10 10 13 3z 24 89 79 7 19 19 43 21 15 25 10 29 41 14 47 21 38 77 50 20 94 29
58 81 60 59 60 67 71 76 70 59 64 69 58 61 84 71 88 64 68 64 53 67 62 68 82 65 64 84 60 73 92 62 62 89 73 67
17130 60 21 52 26 40 19 48 32 38 38 27 47 M 83 79 76 29 29 57 28 25 45 33 48 53 33 39 26 33 77 40 30 89 43 35 62
A4 52 20 45 25 38 6 48 10 14 14 13 42 33 89 Al 65 23 18 55 26 14 33 5 36 41 23 53 26 41 AT 52 24 95 32 10 68 38

Table 2; Matrix of the percentages of loci at which fixed differences occurred in Pilot Study 1.




Isolate ATCC ATCC 70A | 54A | S6A | ClI | ATCC | S21 | S8 | S23 | 34B | 18715 | 17484 | 34A | 54K | 62A | 30A
90028 90030 90029

ATCC 90030 65

T0A 59 10

54A 41 80 75

56A 53 30 30 70

Cl 53 56 44 67 39
ATCC 90029 59 10 0 75 30 | 44

S21 59 70 65 35 80 | 83 65

S8 38 74 68 32 53 65 68 47

S23 53 30 20 65 30 | 28 20 75 | 63

34B 65 0 10 80 30 | 56 10 70 | 74 | 30

18715 53 35 35 75 20 | 50 35 75 | 58 | 35 35

17484 59 75 70 15 70 78 70 35 | 37 | 70 75 70

34A 65 0 10 80 30 56 10 70 | 74 | 30 0 35 75

54K 76 85 85 85 85 83 85 90 | 84 | 85 85 75 90 85

62A 59 80 80 45 80 | 78 80 60 | 58 | 75 80 80 45 80 85

30A 47 80 75 5 70 | 72 75 35 | 37 | 60 80 75 15 80 90 40
15526 65 0 10 80 30 | 56 10 70 | 74 | 30 0 35 75 0 85 80 80

Table 3; Matrix of the percentages of loci at which fixed differences occurred in Pilot Study 2




1solate CBS ATCC ATCC 3630 ATCC CBS ATCC CDS CDS ATCL" ATCC KAAU CBS ATCC o ATty cos CBS ATCT oS CBs HAID DS s AW AT ALY CBS AR oS AT AT AT BS
2466 46764 6G25A 13803 573 90113 6936 834 22019 6260 604 42720 RIED) 2601 4t 132 WI.('O 94 044 7012 Aty s hLiill] S6o oy 656 O iy LY 138
ATUU 36700 03
ATIT &% |m w
3630 7 60 95
ATUT s |m ?IJ K’l 95
TRE ST 100 [H 0 05 89
ATCC 90013 67 ki [ 6% 100 =
CBS 1M 91 5 T Tz 6 76 [IT1]
CBS 834 &7 5 BS 65 74 W ] i
AT 0% | %0 Bl 100 7] [E 100 73 [ [
ATIX fion 91 86 [ 79 g | o 2] & [ ™
WAL i [ [ 0 [ [ 65 i [ 70 7
[ 80 [ 100 5 5 100 T o4 B 0 ™ 75
ATIX 3370 [H LX) ™ 43 11 2 1K 18 T8 94 75 83 94
CBS 5149 93 70 80 835 79 84 100 72 70 95 86 85 95 2
ATEL 2800 86 6l (5] 67 H =] U3 94 61 i a2 67 £ ) ]
o B0 [0 w0 5 E ] =] [ & 84 79 5 80 B3 55 72
TBE 132 i [ [5] [ I [ 2] Eil [ ] 100 RS % [H] ) [ [
ATUC 9038 7 60 95 1] [ [ [ ] [ T 79 0 75 83 85 67 5 ¥
CBS94 [IE) 75 [ [ 11 (] ] i 0 oS |10 03 [H Fr] 50 [ [ E [
[ &6 78 B 81 76 0 ] [ 3] 100 93 83 100 75 72 100 78 88 83 78
RAIR 73 60 95 0 95 [ 7 ] fi] 81 [ 61 5 i [0 [ (S
T AT [ [0 90 Wil [ £l 7 w0 75 (2] 55 7 £l ) #0 85 94 %0
CBS 4029 7 0 75 i 3 ] 9 75 ) 67 78 78 K0 5] 78 [ 7 75 [
AN i 60 95 0 95 o T [0 75 83 85 67 5 38 0 95 5] [0 30 75
ATCC ] 7 100 50 100 | 100 1] £l frel 100 ] & S 0 50 [ [ w0 71 7l K]
ATCCHH IR 73 2 100 ™ o5 1 R 79 S ™ 5 e i &1 0 s 100 fl 4 bl T 88
T il X 2 67 100 88 i i 5] 61 [H] W 6 T g i [T &7 ] T [ [ [
AT 75 [ 8l [ ) 7] [E] 81 3 100 Fl 75 K7 i) s RE. ] ] [ ) Al [ 6) ¥l 7 7 93
TR [H ¥0 75 85 ) i ] n [ 79 ] ¥3 ¥l 72| 80 B 'S il E T &S [ W [ [ il 2 ]
ATLL Bt il [ o) T [Ii] [ 55 ™ 70 T [ 10 75 7% £ Al 15 8 10 100 | 8 10 80 70 10 59 79 72 81 90
ATCE 1T 67 04 B 82 100 04 67 88 94 69 92 52 71 [ ] [ £ S0 [1 0| W (5 [ 76 [H] T 75 [IT) 7 6 [H
ATLT 213 73 [ 7 ¥l [ ] i 76 74 Hi (5] T £ T T 3 [ 81 T [5] il T # 1] T [ U 10K} [5 H 74 75
[EEIE [5 Tl [ ) o | W | W 87 7 1 100 5] T 2 o 0 7 (5 KR 5 (5 [ ] [ ¥ 1] [Ii1) 13 ) [ ] 78
] 7 B0 I 1] 5 9 [ n 65 70 7 0 75 B [ (5] 5 [ 0 s 3 il 80 75 ) 59 79 67 g1 35 0 32 79 8

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.




Isolate B 14130 | 17130 | CBS | ATCC | 14 | oA ] CBS ] 1276 | CBS CTS BT 5 SBA | ATCC | CBs | cBs w AL il s | e oS G G TR | 1= | roE | = Tos | vaR | vor | A | oS
04 2601 604 132 o028 | m34 562 00113 6289 | 424 | 6036 i 2066 | et | wes 087
130 20
17130 l l 67
cEs: 91 | 93 | oa
AVCE 75 86 75 73
i 28 79 28 100 75
S6A 11 73 11 94 69 17
CES 60 82 E 88 BR 87 94 38
12715 26 73 26 89 75 28 16 94
CERICTZ 81 79 75 80 86 80 75 100 69
B 63 79 69 100 85 67 56 93 56 93
BEA a7 87 37 94 81 28 32 88 32 81 63
527 26 73 26 94 69 22 16 82 26 8l 56 37
s21 84 100 84 83 94 89 89 71 95 94 88 95 89
oA 88 92 81 60 77 87 81 86 88 85 86 94 &1 g1
ATCC 90028 17 79 17 100 5 17 [ 88 22 80 60 33 17 83 87
CFTEN. 83 87 83 82 73 82 83 100 83 94 81 72 83 89 87 82
CBS 562 11 R0 22 38 67 24 11 38 22 81 56 i3 17 &9 il 18 #3
2T 1K) 80 95 89 88 89 89 82 89 94 88 95 89 68 88 83 94 94
Lk 13 67 73 73 85 86 13 71 67 85 92 80 73 100 83 79 93 71 87
- 89 93 89 89 94 78 84 94 79 81 56 [ 84 79 81 83 89 83 79 87
CBS 628 71 67 79 | 71 33 77 | 71 | w0 | 64 | 69 | 83 | 86 | 79 | 1w | 92 | 77 | 77 | 69 | 93 16 36
CBS 4024 81 93 88 93 d A AR 93 a8 10 93 81 81 94 92 80 75 75 81 79 100 | 83
Cs il 88 100 88 AR 100 81 88 93 94 93 93 88 82 65 87 88 94 &8 ]2 100 88 92 1M
502 22 | 79 | 22 | 100 | 81 T | 11 | 92 | 22 | 80 | &0 | 28 | 22 | &3 | &7 6 | 82 | 18 | ®3 | 19 | 78 | 77 | & | =8
£ 81 85 8l 93 85 HO 81 1(H) 81 86 73 69 81 94 92 80 13 8l 100 92 81 73 79 93 80
] 22 73 22 100 80 18 11 94 11 81 56 33 17 83 87 3 83 22 83 79 83 77 81 88 6 81
1332, 69 80 56 93 79 53 63 93 69 93 73 63 4 batd 93 53 3t 69 88 92 88 85 64 93 53 36 63
CESTS 83 73 83 76 i §2 83 88 83 80 87 43 59 94 80 76 71 88 83 80 94 77 75 108 76 67 76 73
by 63 87 68 83 88 §3 68 T 68 56 81 79 68 95 8l 72 89 &7 95 60 84 79 88 101 78 88 78 94 94
B Zink 68 73 74 83 75 83 79 88 79 75 88 84 84 89 94 83 78 72 95 67 95 a7 69 101} 83 [ 83 75 67 79
TS DR 82 77 82 82 71 81 82 93 82 86 100 82 82 88 16 81 88 81 94 71 100 Hy 86 1 81 93 81 93 81 88 65
CRS506 68 67 68 72 75 67 6] 82 79 88 81 o8 68 95 110 67 67 72 104 87 95 86 8l 82 72 69 78 63 78 95 | 68 82
SR il 73 1 94 69 17 i} 88 16 75 56 32 16 89 81 6 83 11 89 73 84 71 88 88 i1 8l 1 63 8 | 68 | 79 82 68
CREsT 79 93 84 94 88 78 79 94 84 81 63 84 79 79 69 72 83 72 89 87 68 86 81 82 72 69 72 69 78 | 89 | 74 88 79 | 79
18715 16 80 21 100 75 22 1] 88 26 88 56 32 21 84 94 6 83 17 89 1) £4 79 81 48 11 Rl 1l 63 78 | 74 %4 82 68 1l 74

Table 5; Matrix of the percentages of loci at which fixed differences occurred between clinical isolates and type and reference strains from

various Candida species, particularly those other than C. albicans.




Isolate oS ET 3] TBs | CBs | 1% | <bs | cBs | <Bs [&] ATCC 14130 CBS TBS S6A TBS 18715 301 18502 18527 7130 ATCC ATCC DS TN TBs | (Bs | <Bs 8738 DS T7am1 B ATCC ATCC [P o 20 A
6564 138 566 4024 | 562 122 61 5280 | s 240 o002k | oo | e 6936 9 2987 5140 2601 28502 2456
i
& 30
Uz 100 2
&9 71 71 77
92 (13 3 85 [3]
k4 T B 23 23 (5
57 F] 71 100 RS- 92 %
bl 30 50 100 30 B0 59 -}
50 27 67 100 56 bl 79 7 80
ATET 28 85 1 px] il 23 £ 93 100 il 100
14 1] 93 86 100 100 77 93 2 110 3 [X]
LTS eIk 33 45 85 73 100 3 75 15 T8 & [ 2
LS M 51 [ 100 o1 90 73 73 91 75 91 82 82 89
S6A 64 27 73 93 86 B il 21 B0 13 [ 93 Ti 12
CBS =40 3 6 86 93 93 n T 108 00 923 Tu (2] i) [[] U3
(I 7 2] T3 100 79 86 79 2l 80 13 100 5% o1 20 U3
[ RS 93 B 25 B85 23 £S5 2 Bl 3 & & A3 [ 6 100 o
[ il 27 i 100 79 79 79 21 80 13 100 93 kil [T 20 o3 13 il
18517 1 40 n 100 1 K6 71 | il 20 104 93 77 91 a7 it 3 i) 33
e 7l il 0 100 1 &6 71 20 81 0 100 a3 7 91 20 93 20 86 20 13
AT fools [ 33 67 100 6 86 79 29 A0 20 91 Lk (] 91 7 o] 20 86 n 1 a7
ATEU 90113 91 3] B3 100 3 a9 82 73 13 Bl 100 =t 67 3 91 83 91 92 67 83 A3
CRS MM 75 106 &3 53 2 91 Y- 83 100 100 o4 78 [ [ G2 #3 92 92 100 92 i
T6A 77 B 100 (0] 1 23 9 02 il 100 X3 [ ril BS ﬁ [ a3 3 By 86 67 73
CES 6 L kil BS B 62 6 5 92 86 92 92 73 LT n btd S B5 10 5] T4 i 51 ki
B o Ry 87 & 5] 91 B E . fid 1 2 .2 ¥7 i ®7 i a3 [ EL) By 5 k] 79 93
R 15 BS [[i1] 83 42 T 83 85 85 73 kil [E] 7 S0 77 53 L 7 a1 . #3 (L] [
T 1 7 Bl 100 7 ] 1 2 100 a3 el 0 o3 30 B 20 13 1] 27 B3 100 B 3 2] i7
CES A1 5 85 92 B5 9 B3 83 i3 (-] 92 1) 77 4 17 [ 77 7! [ (2] 100 ol 75 03 2 Z] [
7 20 i 0 85 6 85 a3 100 s a7 al 2l 2. 14 85 14 36 k] T [3] Ul B T iy S 21 #3_ |
31 85 92 5 100 67 31 100 100 K2 o 15 93 11 1 3 15 5 ki Bl g 15 18 il il [ 33
B2 91 100 ] 35 a1 o 73 100 7B 67 32 [[L1] T3 [ 91 82 2 82 75 89 70 82 3 i) 32 B FES B
3 8 | 92 55 62 | 100 92 ™ [IE1] 1) W B (5 36 7l ™ B i) 3 12 [T L 3 B 2 43 23 [ 71
Fil 73 93 16 el r v 14 100 B o B2 7 o3 13 79 13 20 13 200 83 L] 1} u) [21] 77 13 [] 14 K B2 B
100 T 82 50 90 9 100 100 20 [ (1] 10 ] [[01] E{] 1009 (1] 11K} L1 75 W 1013 30 il 100 [ 100 i 100 100 =0 il
(L1 a1 Lo ] i) K a1 o1 o0 & 5% 1 [} (1] 0 21 100 1080 91 89 33 73 100 91 67 0o il i Ty 10 B ] HH
[ 7 42 @7 75 A3 BE 100 92 a1 a1 Fil 2 Fil 75 X5 kil (] 7 [*] 73 5 N3 . b3 &l #3 A 67 7 Q. [ Tl Ll
67 51 100 (2] " o3 57 100 bild] &5 B2 100 60 ril &0 il 671 60 83 75 86 86 30 92 [ ux &4 17 L] ik 3 [X] 23 RS

Table 6; Matrix of the percentages of loci at which fixed differences occurred in Study 1




[solate 2A ATCC CBS CBS CBS 12716 A ATCC ATCC CHBS il [I2TE] A CBS CBS CBs CBS [§2TY] 15526 CBS T6A s21 AZ 14130 ATCC SGA L} ORB 88 oS LINY (W89
22981 Q40 2456 6936 2601 6260 138 AU 573 604 6364 70T 6253 152 5149

AT El

piolll

e ¥ Ha

COE Mo 74 88 88

[ 03 80 100

e ¥ B0 m 78 Ts

5 7 [ 7] BR ]

ATCC 1 85 100 3l 100 Hl 30

260}

AT ] 92 71 75 67 8l 100 94

20

TS 178 93 03 5 79 92 71 100 2 100

W | & 7 1 il T 76 [ 73 [ T

T 16 5 1 7] 2 r ] 1] 7 88 0 i

WA [ 7 ] ] T 73 3 [ 100 62 88 82

[T [ i 23 82 0 8l 79 80 [} [ ] [ u3

CB5 571 5 [ ] 1060 6 81 i) ) 100 [T 03 &1 100 BS

B b (5 03 50 [ 81 82 7 93 80 25 X2 78 4 75

CBS656_| 79 100 83 86 a2 79 [} [ 100 3 Tl a3 8 62

(L 1] 81 1 74 6 T ] ] 93 ) 16 82 ] 83 7

= £ 2 2 79 W P ] %5 [ o] o % &8 2 ] 7

TEE R | W Fi a3 3] ] [ 5 78 [ 86 18 72 3 81 [0 I 8 B

TOA ™ 75 7 50 100 36 9 ¥ 03 3 3 K 61 100 vz [H i) [E) %h

S21 7 02 &5 T [H 70 (5 [ [H il ] i 100 92 64 82 79 [X] 7 ]

Az [ H0 [ [ 2] ] 21 92 02 i [0 s il ] [H 51 75 ] 75 &0 2l )

e &1 ) [ B wh &5 ) %1 U3 E i3 1 W £ [ [ S ] 17 H1 W5 | %% | &

e 94 %6 85 100 87 94 87 100 00 77 a 93 56 71 3] 60 5% 92 88 wo | & | 93 88

i 13 [ 3 7 80 21 9 62 83 100 i 7 B0 il ®3 03 (5 13 &1 [ 92 | %2 | 38 3] 92

Pl 6 81 [ 0] 76 1% 7 a7 93 6 [ a2 K B6 88 79 6 71 71 86 | 37 | & £ [ 7

] 0 i) 3 I 1 0 &5 62 9 75 50 80 [ 100 100 [H S0 ] 7 FE I [ 100 3| A

= 7 85 92 a0 03 [=] T 77 [ ik '] 7 86 i &3 ) [ i) 17 H] 83 | ® | 1 [5] 5 8 i ] %

| el 91 ] il A 70 i 71 93 E [ 7 7L 7 100 0 B =) RS IR} 62 | 13 | &1 T3] [H 75 T | 92 | &

91A 35 86 73 6 75 S0 53 57 ki) 2 [ 5 o] 1] Wi 77 35 85 ¥l 77| 85 | W & iy 53 | W | &% | ss [

TEEne | g [ W 100 (¥ 7 30 100 5 100 i3 100 7 [ 100 ) i [ 2 | %8 | 03 3% [ [ 3 T T 100 04

340 93 100 100 93 100 ¥7 91 0 [ 100 ] w7 8 [E RS i) ol 93 29 33 92 | 81 | %2 03 92 BS | 86 | 77 i 3 [ 1001

Table 7; Matrix of the percentages of loci at which fixed differences occurred in Study 2




Isolate

TIA

A4A

71B

17130

CBS 7987

CBS 562

40B

46A

ATCC 90028

CBS 604

84B

8OA

468

40H

12716

40J

68D

44A

33

71B 0 37

17130 33 21 37

e — 83 | 74 | 84 | 74

EBS 2 11 | 37 | 11 42 84

il 28 | 28 | 28 22 72 33

R 17 | 21 | 21 21 74 26 11

ATCCO0028 1 17 | 16 | 21 16 79 26 17 5

B0 78 | 68 | 79 | 79 74 79 78 | 68 74

84B 17 | 21 | 21 21 79 26 22 | 11 5 74

. 17 | 26 | 21 37 79 21 28 | 21 21 74 21

- 28 | 17 | 28 22 72 28 22 | 11 17 67 22 | 17

i 61 | 61 | 61 | 56 44 67 50 | 50 56 61 56 | 61 | 56

12716 50 | 42 | 47 26 74 53 39 | 42 37 79 42 | 53 | 39 | 56

. 39 | 39 | 39 | 39 72 44 44 | 33 28 72 28 | 39 | 39 [ 50 | 50

G0 17 | 32 | 21 37 84 16 28 | 21 21 79 16 | 11 | 22 | 6] 53 39
ATCC20029 | 17 | 32 | 21 21 79 26 22 | 26 26 79 26 | 26 | 22 | 50 37 39 | 26

Table 8; Matrix of the percentages of loci at which fixed differences occurred in Study 3




Isolate 34A 23A 88D CBS 31A 19A | 40D 22B 17D 401 17130 80A 84A 46B CBS 23C 176 30A 19D ATCC 17A 68C 31z 22A TIA 23B CBS 17C 12716 ATCC
604 7987 90028 562 90029
23A 65
88D 75 35
CBS 604 65 79 76
31A 81 47 31 71
19A 59 37 18 74 35
40D 71 47 36 73 31 33
22B 71 39 35 72 47 33 36
17D 71 33 29 78 35 28 29 11
40F 76 78 65 72 71 72 71 83 83
17130 65 21 24 79 41 26 40 4 33 78
80A 65 21 24 79 29 16 27 33 22 78 11
84A 65 22 35 78 35 22 29 28 22 78 22 11
46B 71 26 41 74 29 37 27 33 28 72 32 21 11
CBS 7987 81 78 81 72 76 83 64 82 88 41 72 72 76 67
23C 56 17 24 72 44 33 47 41 41 65 33 33 35 39 82
17E 69 29 36 79 43 36 33 21 2] 86 43 29 14 14 79 36
30A 81 72 76 61 75 78 60 76 82 41 72 72 76 72 24 72 86
19D 65 53 35 79 53 26 47 44 39 78 37 32 4 42 83 50 50 83
ATCC 65 26 29 79 35 21 33 28 17 83 16 5 17 26 78 39 29 78 26
90028
17A 71 22 18 78 35 17 29 28 22 78 22 11 22 28 76 29 14 76 39 17
68C 77 47 43 73 23 40 17 29 14 79 40 27 29 27. 71 53 42 67 47 27 36
3E 64 60 33 80 47 33 42 33 27 80 33 33 33 40 87 60 31 93 33 27 33 42
2A 71 33 29 78 35 33 36 11 11 78 39 28 22 28 88 35 21 82 et 22 28 29 33
71A 57 43 50 79 29 36 42 50 43 86 43 29 21 29 71 50 33 71 57 36 43 50 46 43
23B 75 22 35 78 38 39 27 29 24 76 39 28 18 22 82 28 21 72 56 33 29 33 47 24 36
CBS 562 75 29 35 76 38 35 36 12 12 82 35 24 18 24 81 41 14 82 47 18 24 29 33 6 43 24
17C 71 42 18 79 41 32 33 33 28 72 42 32 44 47 83 28 36 78 37 26 28 40 40 28 50 39 29
12716 71 42 29 74 41 37 40 56 44 83 21 2) 33 37 67 50 36 72 42 26 33 47 33 50 29 44 41 47
ATCC 71 21 29 74 41 37 40 39 33 78 37 26 28 32 83 22 29 72 53 32 28 40 47 33 29 1 29 37 37
90029
71B 59 28 35 78 29 22 36 33 28 78 28 17 11 22 82 35 29 76 44 22 28 36 33 28 7 24 29 44 39 22

Table 9; Matrix of the percentages of loci at which fixed differences occurred in Study 4




Isolate 27A | 24A | CBS7987 | 12716 | 28B | 21B | 27B | ATCC 90029 | 34A | CBS604 | 34B | 87A | 25A | ATCC 90028 | 29A | 28A
24A 44
CBS 7987 50 75
12716 69 69 59
28B &5 57 79 57
21B 64 27 73 69 50
27B 14 36 43 86 83 58
ATCC90029 | 88 69 76 35 29 53 93
34A 93 81 88 69 67 73 92 69
CBS 604 56 59 65 76 80 69 64 82 88
34B 47 71 53 69 92 79 50 88 79 67
87A 75 71 92 54 45 75 82 38 69 79 83
25A 83 31 93 71 45 42 73 62 85 71 75 58
ATCC 90028 | 86 47 80 50 29 56 75 27 73 69 86 50 33
29A 86 54 86 47 27 62 73 33 54 86 87 42 55 15
28A 80 40 73 53 29 60 75 44 67 75 86 50 50 27 31
CBS 562 75 65 88 59 47 63 79 41 71 72 87 36 71 50 43 56

Table 10; Matrix of the percentages of loci at which fixed differences occurred in Study 5




Tsolate EDS TR ] ] TA SiA ATCC 3 ) B =y o 3 0 " e = ) TBS DY o ] 73 ™ £ ED ET L] a3 = i A oS 3 [ ) B ™ =i = T AL [ £ =
S s Jua i ann e
) ]
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Table 11; Matrix of the percentages of loci at which fixed differences occurred in Study 6




Isolate 298 42D 38A 42C 12716 ATCC 42A | 42B 91 41A °C 9F 9L 42L 39C 1A ATCC CBS CBS 22B 9G 12A I6A 22A 22D 18A I5A CBS aD 29A
90028 90029 7987 562 604
42D 62
38A 31 50
42C 71 79 69
12716 62 57 44 69
ATCC 90028 36 55 23 62 23
42A 38 50 25 63 44 31
428 46 43 38 75 4 3t 19
Ed 46 54 43 79 57 42 36 36
41A 38 50 25 69 44 15 25 19 | 29
9C 33 54 36 71 57 27 36 36 8 14
or 36 55 42 75 58 27 42 42 8 25 0
9E 33 50 38 77 54 27 38 38 8 23 0 0
428 92 85 85 62 77 80 85 77 1751 77 67 | 70 | 73
39C 46 43 31 81 56 38 44 38 | 50 | 25 | 43 | 50 | 46 | 77
L1A 42 62 43 71 64 33 50 50 | 23] 29 8 8 8 58 50
ATCC 90029 38 62 46 77 38 27 54 46 | 46 | 38 | 42 | 36 | 33 | 92 46 50
CBS 7987 91 73 83 58 58 73 75 58 | 831 75 83 191 ] 91 60 83 92 73
CBS 562 31 50 25 69 44 15 31 25 | 36 13 21 | 33 | 31 77 38 36 31 67
22B 46 54 29 71 36 25 29 29 | 29| 29 [ 31 |25 123 | 75 43 38 31 67 29
96 30 50 45 82 64 30 45 45 18 27 0 9 9 78 45 9 40 90 36 36
12A 54 46 50 93 64 50 57 50 136 ] 50 | 31125 ) 31 75 57 31 62 92 50 50 | 27
16A 36 55 31 69 38 17 38 38 | 42 | 23 [ 27 {27 |27 | 73 46 33 36 82 23 33 30 | 42
22A 46 50 27 73 40 25 33 33 29 1 27 29 | 25123 | 69 40 36 31 67 27 7 36 | 43 25
22D 46 43 25 69 25 15 31 31 291 25 29 | 25 | 23 | 69 38 36 23 58 25 7 36 | 43 23 0
18A 50 77 40 67 47 17 47 53 | 46 ] 40 [ 46| 27|33 | 92 60 46 33 82 40 31 40 | 62 33 36 27
15A 64 75 64 79 64 67 71 71 50 | 57 50 | 50 | 50 | 82 57 54 55 82 64 58 55 67 58 54 43 62
CBS 604 83 62 67 73 60 75 67 73 | 69 | 67 62 | 73 | 67 | 69 67 69 75 55 73 62 | 70 | 85 85 57 53 86 7]
oD 36 55 42 75 58 30 42 42 17 25 8 9 8 60 50 9 45 82 33 33 10 | 33 30 33 33 36 55 73
29A 15 64 27 80 53 42 33 40 | 43 | 40 | 36 | 42 | 38 | 69 53 43 54 83 27 36 | 45 50 42 33 33 57 69 71 42
42D 31 57 25 69 38 23 19 31 43 38 {43 |42 | 381 77 50 50 46 83 38 29 | 45 57 23 33 25 40 71 73 42 27

Table 12; Matrix of the percentages of loci at which fixed differences occurred in Study 7




1solate ATCC 4G S0A 53C 508 52B 46G 47A 23D 44H 44D 32B CBS ATCC 54G 57A 45A 46D 52C 468 50C 4617 46C S2A 17130 12716 CBS
90028 562 90029 7987

4G 77

50A 50 71

53C 77 86 79

508 64 92 33 46

52B 50 79 21 71 25

46G 62 85 58 64 36 42

47A 54 93 50 69 31 43 29

23D 85 47 57 71 67 71 92 86

44H 64 40 67 8l 79 67 79 81 67

44D 50 87 53 75 36 40 50 44 73 76

32B 62 69 69 100 64 62 58 69 85 86 64
CBS 562 3l 79 36 73 38 27 38 33 79 63 38 62

ATCC 90029 10 90 45 82 40 36 33 27 90 75 17 40 17

55B 64 73 73 50 71 67 79 69 73 71 76 86 50 67

STA 64 73 60 63 57 67 79 56 73 71 71 86 50 58 29

45A 38 86 43 87 50 43 54 40 86 69 44 38 47 25 81 63

46D 43 87 47 81 36 40 36 31 73 76 24 50 31 8 76 65 25

52C 67 91 50 73 36 36 44 36 91 67 50 60 36 38 67 67 36 33

46B 42 75 17 85 33 23 50 38 75 64 50 42 36 36 79 57 14 36 22

50C 38 87 40 80 46 13 54 40 80 69 31 64 27 18 63 63 27 31 42 31

46F 50 93 50 86 33 43 42 36 71 87 20 54 36 10 73 67 29 0 36 42 33

46C 46 80 67 93 62 60 54 53 93 75 44 29 47 18 81 81 27 25 42 38 50 27

52A 46 80 40 73 38 13 54 47 80 63 44 64 40 36 69 69 40 44 50 38 i3 47 56

17130 18 71 42 75 55 42 55 58 85 77 62 55 25 22 54 62 62 54 56 36 54 58 54 62

12716 23 92 58 69 55 42 54 46 92 71 43 58 31 0 64 64 38 36 44 50 31 42 46 38 27

CBS 7987 33 75 58 92 30 58 73 67 83 62 62 71 50 33 77 77 50 54 67 55 46 58 62 54 45 27
23A 67 58 45 9t 67 64 64 64 42 67 67 67 55 63 67 67 73 58 67 60 67 64 75 67 60 73 64

Table 13; Matrix of the percentages of loci at which fixed differences occurred in Study 8
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271C 40 45 2 35 ¢ yi ] L] 40 50 33 ket EE ] 1] [:3) 50
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Table 14; Matrix of the percentages of loci at which fixed differences occurred in Study 9



Isolate | 93C | CBS | 96A | 88L | 82A | 88D | 935 | 71A | 90A | 97L | 88J | 93A | 66C | 97D | R4F | 74A | 76B | 84G | 93B | 73A | CBS | 75A | 65B | 65A | 92A | 89A [ 77A | 88K [ CBS [ 67A [ &4ii [ 95A
604 7987 562
CBS 604 | 67
96A 9 63
88L 31 89 17
32A 30 75 30 45
38D 25 75 30 33 44
93E 0 67 8 29 27 25
TIA 13 80 i1 22 13 14 11
90A 58 67 50 46 55 64 54 b
Y7E 9 50 0 25 22 40 8 13 36
88J 18 44 18 42 30 30 25 25 50 18
93A 15 56 17 36 36 33 21 22 46 17 17
66C 25 43 13 44 38 71 22 33 56 i1 33 33
97D 18 50 10 33 33 45 17 29 55 9 27 25 13
34K 44 67 63 78 50 25 44 40 67 50 44 56 =¥ 63
T4A 20 71 27 45 44 33 18 22 64 30 40 36 25 44 43
76B 38 67 22 33 50 43 33 43 56 29 38 33 50 29 67 50
84G 8 50 18 38 30 18 8 il 50 17 18 23 33 27 25 I8 38
93B 0 67 8 29 27 25 0 11 54 8 25 21 22 17 44 18 33 8
T3A 0 50 0 33 33 38 0 14 56 0 25 22 14 13 33 25 17 11 0
CBS 7987 89 88 78 70 70 63 80 57 90 78 80 90 75 67 75 75 86 67 80 75
5A 38 80 25 22 33 25 33 29 25 22 38 33 50 33 40 50 33 33 33 33 67
65B 10 57 0 18 25 33 9 13 40 0 20 18 13 10 57 30 29 18 9 0 75 22
65A 10 63 0 18 22 33 9 14 50 0 20 18 13 10 63 33 25 20 9 0 78 25 0
9N2A 36 57 45 58 70 60 42 56 64 40 60 42 43 60 71 50 63 45 42 38 100 75 40 40
89A 45 88 33. 18 63 50 45 43 70 40 56 45 43 56 75 56 50 55 45 43 71 43 33 25 33
TTA 25 100 25 22 29 14 22 25 25 22 38 33 50 38 40 38 50 22 22 33 71 0 22 25 67 43
38K 8 56 0 21 27 33 7 Ll 46 0 17 14 11 8 56 27 20 15 7 0 80 22 0 0 42 36 22.
CBS 562 56 86 60 50 38 50 50 57 70 63 56 70 57 63 57 56 71 44 50 67 57 67 63 50 89 75 50 60
67A 11 63 22 50 38 38 10 33 70 22 40 40 25 11 50 25 50 22 10 0 75 50 25 25 63 75 50 20 56
84E 33 67 33 38 45 36 38 33 54 36 17 31 56 45 56 55 33 33 38 b 80 38 40 40 73 50 38 31 60 60
95A 0 67 8 29 27 25 0 11 54 8 25 21 22 17 44 18 33 8 0 0 80 33 9 9 42 45 22 7 50 10 38
93D 0 67 8 29 27 25 0 11 54 8 25 21 22 17 4“4 18 33 8 0 0 80 33 9 9 42 45 22, [/ 50 10 38 0

Table 15; Matrix of the percentages of loci at which fixed differences occurred in Study 10




Isolate CBS604 | S17 | 100A | S25 | S20 | S13 [ C6 | 99A | S11 | CBS562 | CBS7987 [ S2 | 815 | C15 | C3 [ C16 | CI1B | S5 | S9
S17 75
100A 77 50
S25 92 77 77
S20 &3 33 42 62
S13 73 31 82 67 38
C6 73 0 60 82 45 27
99A 85 23 50 71 46 25 27
S11 83 7 50 79 29 31 9 23
CBS 562 83 62 77 92 69 54 60 50 62
CBS 7987 92 67 31 75 58 73 70 54 67 50
S2 50 38 50 85 62 38 33 38 38 67 67
S15 77 8 58 85 38 33 17 38 15 54 64 42
C15 75 17 58 77 42 25 18 23 17 67 64 31 33
C3 64 7 64 67 36 31 0 33 15 69 82 42 17 18
Cl16 92 80 73 64 70 70 80 73 80 100 80 91 73 92 78
C1B 83 33 67 75 58 64 36 46 42 69 73 64 50 64 36 80
S5 70 18 44 80 36 25 18 30 18 55 67 27 25 10 18 89 55
S9 67 23 46 54 31 33 18 29 23 71 62 31 33 17 17 80 58 20
C12 77 14 50 71 36 31 9 27 14 60 62 31 21 23 23 82 43 9 21

Table 16; Matrix of the percentages of loci at which fixed differences occurred in Study 11




CkeM60303
TgM60311
CvM60309
CoM60304
CpM60307
CtM60308
CkrM60305
CkrM55528
C1M55526
ClM60306
CaM60302
CaAJ005123

CaARllddﬂb

CAx99399
CEM55527
DhX62649
DhX58053
ScV01335
$cJ01353
Cgx51831
KmX89522
Km%89524
KmX89523
CnL05428
FnX60183
Cnr05427
CnM55625
Tex60182

NATCTGGTTGATCCTGCCAGTAGTCATATGCTTGTC TCARAGATTARGCCATGCATGTCTAAGTATAAGCAA - T’I‘TA’I‘ACAGTGAAACTGCGAATGGCTCATTAAA’I’QXW&?

—NNTCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTCTAAGTATAAGCAA—TTTATACAGTGAAACTGCGAATGGCTCNTTAAA
~-NNTCTGGTTGATCCTGCCAGTNGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTCTARGTATAAGCAA - TTTATACAGTGAAACTGCGAATGGCTCATTAAA?QBQ?Ta?
————— TNATCTGGTTGATCCTGCCAGTAGTCATATGCTNGTCTCAAAGATTAAGCCATGCATGTCTAAGTATAAGCA———TTATACAGTGAAACTGCGAATGGCTNATTAAATCAGTTAT

--TATCTGGTTGATCCTGCCAGTAGTCATATGCTTGTcTCAAAGATTAAGCCATGCATGTCTAAGTATAAGCA—--TTATACAGTGAAACTGCGAATGGCTCATTAAA?C&G?TA?
~TNATCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTCTAAGTATAAGCAA-TTTATACAGTGAAACTGCGAATGGCTCATTAAATEASTTAT
—————— TATCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTCTAAGTATAAGCAA -TTTATACAGTGAAACTGCGAATGGCTCATTARATCAGTTAT
—————————————————————————————————————————————————————————————————————————— GCAA-TTTATACAGTGAAACTGCGAATGGCTCATTAARPENTTINT

---------------------------------------------------------------------------------------------------------------- TORGTTAR
————————— CTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCARAGATTAAGCCATGCATGTCTAAGTATAAGCAA - TTTATACAGTGAARCTGCGAATGGC TCATTAAATEAGT AT
—————— TATCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTCTAAGTATAAGCAA - TTTATACAGTGAAACTGCGAATGGCTCATTAAATC_EG‘!“TI\‘I’
GTCGACAACCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAARGATTAAGCCATGCATGTCTAAGTATARAGCAA -TTTATACAGTGAAACTGCGAATGGC TCATTAAARCAGTTAY

————————— CTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTCTAAGTATAAGCAA - TTTANANAGTGAAANNGCGAA’I‘GGCTCATTAAATC‘AGTTAT
= -CTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTCTAAGTATAAGCAA- TTTATACAGTGAAACTGCGAATGGCTCATTAAAW X4

------ TACCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTCTAAGTATAAACGAATTCATACTGTGAAACTGCGAATGGCTCATTAAATC&GTTA?
—————— TACCTGGTTGATTCTGCCAGTAGTCATATGCTTGTCTCARAGATTARGCCATGCATGTCTAAGTATARACGAATTCATACTGTGARACTGCGAATGGCTCATTARATCAGTIAT
________________ B R T T e T P T T I N R N I N N B G AA TTCATAC TG TGAAACTGCGAATGGC TCAT TAR AT CAGTTAT
------ TACCTGETTGATCCTGCCAGTAGTCATATGCTTGTCTC AAAGATTAAGCCATGCATGTCTAAGTATARACAAATTTATACCGTGARAC TGCGAATGGC TCATTARATCAGTIAT

eew .

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
TgM60311
CVME0309
CgM60304
CpM60307 :
CEME0308  CHTPTATTCATAGTACETT-AL s

CkrM60305 PTRTTCATAGTTCEGT ATAACCOTORARA - TCTAGAICT AR TACATONG TAARGCTC - GAC - -
CkrM55528 CTTTATTCATAGTTCOG! mmmc mmmmmurwm
C1M55526 GITTATION - GOPAATTGGCATACGCCTRECAN ATACATSCG!
CIM60306 T I : 3
CaM60302
CaAJ005123
CaAR11447
Ccdx99393
CEM55527
DhX62649
DhX58053
Scv01335
ScJ01353
Cgx51831
KmX89522
KmxX89524
KmX89523
CnL05428
Fnx60183
CnL05427
CnM55625
TcX60182

: wmmm-mmumrmmmmmmmvam eTT
TIOTAGAGCT AN TURTGCTTARRATY

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.




CkeM60303
TgM60311
CvM60309
CgM60304
CpM60307
CtM60308
CkrM60305
CkrM55528
ClM55526
C1M60306
CaM60302
CanJ005123
CaAR11447
CAax99399
CtM55527
DhX62649
DhX58053
$cv01335
ScJ01353
Cgx51831
KmX89522
KmX89524
KmX89523
CnL05428
Fnx60183
CnL05427 1
CnM55625 PAl
TcX60182 TGIEATC

LEsaEsasasaars edeatamnssane *

a; Areas of homology between all aligned sequences are highlighted
b; Emboldened sequence was obtained during the course of this study.

Table 17¢; Alignment of Genebank sequences and the C. albicans type strain CBS 562 sequence
of the full 18S rRNA gene obtained using ClustalX.




CkeM60303
TgM60311
CvM60309
CgM60304
CpM60307
CtM60308
CkrM60305
CkrM55528
C1M55526
C1M60306
CaM60302
CaAJ005123
CaAR11447
Cdx99399
CEM55527
DhX62649
Dhx58053
SeV01335
ScJ01353
CgX51831
KmX89522
KmX89524
KmX89523
CnL05428
Fnx60183
CnL05427
CnM55625 : AATTAGET 7Y
TeX60182 ! T TACCGTTCGATTCOGA GOOT

khkkk Kkkkdk Kk kkkkkk Kk KK HN I AT ARk ok dk ko

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.




CkeM60303
TgM60311

CvM&60309

CgM60304

CpM60307

CtME0308

CkrM60305
CkrM55528
C1M55526

C1M60306

CaM60302

CaAJ005123
CaAR11447
Cdx99399

CtM55527

DhX62649

Dhx58053

§cv01335 o 1 - B PR ;s
SeJ01353 A GATACAGHGECCA : ; : FAARTACTT ..

Cgx51831  TRARTAACCRTACAGGH OGTCTIGTARTTGS ACANTGTRANTAL A6 '_ﬂmmmmcnmwumm
oanss el i e £ MSTIARIAMTACRALC IR : _

KmX89523
CnL05428
FnX60183
CnL05427
CnM55625
TcX60182

we wewmn mw wEwkR e o Eam wenhsEmheebdamsies BesEs sk . wee seswesee sesesssnsnns

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.




CkeM60303 TTAT-GTCGCGCACTGSTTT-TCAARCGRATCTITECTTCTGECTAA
TgM60311 TTT- -~ TCOTGTRC TOGART - GCACTCOGGCCTTTECTTCTGEC TAA
CYM60309 : ATATTAAS AGCTES : : : t i GTACTGGACC - -CAALCGRGCCTTTCCTTCTEGCTAG
CgM60304 ; T SECTCRTAC RETHTOH 3G - TTGGCCGETOCECCTTTTTOS - CRAGTACTGGACC - - CAAICGAGCC ITTECTTCTEGCTAA
CpME0307 NIATTARRGTIGTG TAAARRGCTOCTAGT TEAACCTTGE . STCCATCTTTTTTGATGCGTRCTGEACC - - CAGUCGAGCCTTTEC TICTGGCTAG
CtM60308 \GCETATAT X P SCTOG] SRR i GG - TTGGCEGETCCATCTTICT-GATCCCTACTSGACT - ~-CAARCCAGCCITTECTTCTGACTAG
CkrM60305 yilaimey TTH T CTOGTAGT TG GOG! m-wmamw—mm-n-mmm
CkrM55528  ATAGO ; TG A ( I TGAAL T TGUGCC TG -GOGGARGETCTACCIATG - - - GTAAGCAC TG - ~TT-GOGGECGEETCITTECTTCTGECTAG
C1M55526 AGRIG MAAGTTGTIGCAG A X PAACCTTGREAGSTS - - CGTGECHTCCGCTIAGG -—— - CGAGCACTGGAGE - - COGUGLCTCTEFTICE TCCTCCTCTTA
C1M60306 : AGTTGTTOCAGITRR CTOETAOTTE BAGGCEC-—-GTGECHGTCECTTAGS - - - ~-CEAGCACCTEAG- - ~COGRGCINTTTICETCCTCCTCTTA
CaM60302 : : AAAAGCTOGTAGTTGA 3 36~ CTGGCUGETCCATCTTTTTG - ATGCCTACTGSAC - ~COAGE OGAGCCITTCCTTC TGOGTAG
CaaJ005123 AR TGT RAAGCIC GAALCITGH 3G-CTGGCEGETCCATCTTTTTG - ATGOGTACTESAC - ~COAGECGAGCCTRTCCTIC TOGETAG
CaAR11447 ] r AOTTGTTGCAGTTAR 3 gae s G- CTGGC0GE TCCATCI TTTTG - ATECG TACTGGEAC -—CCAGLOGAGCCTTTECTTC TEGETAG
Cdx99399 i TP ARSI TTCCAGTTAAAARGOICE ACCTTGRGCTTHG -CTGGCCGE TCCATC I TTT TG -ATGCG TR - TGGAC -~ CCAGLCGAGCCTTTC - TTCTGGCTAG
CEM55527 oG TTA GTTGCAGTTAR STCOTAGTTS GECTTEG mﬁmmmmmmicmc--ccnmmcﬂmmm
DhX62649 y T TS TTARAARGCTOGTAGTTOARCCTTG! BTCOGCCTTTTTS -GOBAGTACTGEAC - COARCCOAGLCTTTECTTCTGOCTAA
DhX58053 ¥ ATATEAS TV GONETA SAMICTTGE ) ~GCEAGTACTGGAC- -CORAGCCAGCCTITCCTTCTGECTAR
5cv01335 n : T GTTANANAGCTOGT BANITTTCHG m-mmm\m—--m@m&mwmm&
ScJ01353 : 1 yu ARGCTC SRACTTIGHGCCORG-TTEGCOGATCCGATTTTTT -~ CGTETACTGSATTTCCAANGGAGCCTTTECTTCTEGCTAR
Ccgx51831 T i ARBAGOTO ACTTTGEGCCTHG -G TAGCHGETCOGATTTTTT - - ~-CO TG TAC TOGAATGC - ACCCGGGCTTTECTTC TGGC TAA
KmX§9522 A : AALT ~PIGGCOGETCOGATTTTATG - TOBCGLACTGGTTTTIC-

KmX89524 . < AR BRACTTTCACTC TEG - TTEGCEGHTCCGATTTTATG - TCGOBCACTGETTTTC - ;

KmX89523 TTGTTEL LAAAGCTE GAACTTTGEG TCTHG - TTGGCOGETCCEATFT TATG - TCGCGCAC TGS TTTICCARLCGGATCTRTCCTTCTGEC TAA
CnL05428 PARAGTTGTTG AT e ¥ GGLGETCCTCCTCACG- TGETGEA ?

Fnx60183 RECGTHT ¢ X b e ACTTCAG CEAGSLGRTCCTCCICACG -—GAGGTCNCTGTCT - -~ ~ TECTEGACC PPACCTCCTGETGET
CnL05427 ¢ ; ¢ : 3 G ABGTCTHG - CEAGGEEETCCTCCICACG- RACT A

CnM55625 TA y PG L T L {BGTCTRG - COAGGEGETCCTCCTCACG - ~BAGTGCACTG TC T~

TcX60182 T BT TTARAGTTETIGE § . CCTGG-CGGEALGETCTGCLTTACG-—GTATG TACTGTCT -~ - ~GECTGGETCTEACC TUTTGETGAG

t********************t*****k*******k*** P . - % - . - as

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 18S rRNA gene obtained using ClustalX.




CkeM60303
TgM60311
CYM60309
CgM60304
CpM60307
CtM60308
CkrM60305
CkrM55528
C1M55526
C1M60306
CaM60302
CaAJ005123
CaAR11447
CAx99399
CEM55527
DhX62649
DhX58053
5cv01335
ScJ01353
CgX51831
KmX89522
KmX89524
KmX89523
CnL05428
FrX60183
CnL05427
CnM55625
TCX60182

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.




CkeM60303
" TgM60311
CVME0309
CgM60304
CpM60307
CtM60308
CkrM60305
CkrM55528
C1M55526
C1M60306
CaM60302
CaAJ005123
CaAR11447
€dx99399
CEM55527
DhX62649
DhX58053
$cV01335
$cJ01353
Cgx51831
KIX89522
KmX89524
KmX89523
CnL05428
FrX60183
CnL05427
CnM55625
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.




CkeM60303
TgM60311
CvM60309
CgM60304
CpME0307
CEM60308
CkrM60305
CkrM55528
C1M55526
C1M60306
CaM60302
CanJ005123
CaAR11447
©dx99399
CtM55527
DhX62649
DhX58053
Scv01335
5cJ01353
CgX51831
KmX89522
KmX89524
KmX89523
CnL05428
FnX60183
CnL05427
CnM55625
TcX60182

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.




CkeM60303
TgM60311
CvM60309
CgM60304
CpM60307
CEM60308
CkrM60305
CkrM55528
CIMS5526
C1M60306
CaM60302
CaAJ005123
CaAR11447
Cdx99399
CtM55527
DhX62649
DhX58053
Scv01335
ScJ01353
Cgx51831
KmX89522
KmX89524
KmX89523
CnL05428
FnX60183
CnL05427
CnM55625
TcX60182

ATT- mt:ocmacmmmn. TTTGGGTTC wxmmmmcmmmmmacmmmm@mm
ATT-GREGCANTCRGCACCT TACIMAANTCARAS TCTT TGS TIC TGGGEGEAG TATGG TCOCAAGEC TAAA CTTAAAGGAATTGACGGANGSGCACCACCAGEAG TGGAGCC TG OGS

mwmmmammmmmmmmuaccmammms
~-CTGARTGGGTORAC C TCARAGTC TTTGSG T IO TOGGGEEAGTATGG TCGCAAGGCTCARAC TTARAGGARTTGACGEAAGGGCACCACCAGG TG TGGAGCCTELGE
-~ CTGALTGHG CACCT A GAGAAA ARG TCTTTG GG TTOTGEGGGAG TATGA TG CARGGC TGARAC T TARAGG AR TTGACGGARGGGCACCACCAGS TS TGOAGCCTGOGE

1 TGO TOGCAAGGC TOARACTTARAGGAATTGACGEAAGGGCACCACCAGG TETGHAGOCTGEGE
T IEGGTTC TEGGGGEAGTATEG TOGCARGECTEARACTTAAAGGARTTCACGGAAGEECACCACCAGGTETSEAGCCTCUGE
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a; Areas of homology between all aligned sequences are highlighted
b; Emboldened sequence was obtained during the course of this 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.




CkeM60303
TgM60311
CVME0309
CgME0304
CpM60307
CEME0308
CkrM60305
CkrM55528
C1M55526
CIM60306
CaM60302
CaAJ005123
CaAR11447
€Ax99399
CEM55527
DhX62649
DhX58053
$cv01335
$cJ01353
CgX51831
KmX89522
KmX89524
KmX89523
CnL05428
Fnx60183
CnL05427
CnM55625
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.




CkeM60303
TGME0311
CVME0309
CgM60304
CpM60307
CEM60308
CkrM60305
CkrM55528
C1M55526
C1M60306
CaM60302
CaaJ005123
CanR11447
Cdx99399
CEM55527
DhX62649
DhX58053
ScV01335
5cJ01353
Cgx51831
KmX89522
KmX89524
KmX89523
CnL05428
Fnx60183
CnL05427
CnM55625
TCX60182
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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.




CkeM60303
TgM60311
CvM60309
CgM60304
CpM60307
CEM60308
CkrM60305
CkrM55528
C1M55526
C1M60306
CaM60302
CanJ005123
CaAR11447
€dx99399
CEM55527
DhX62649
DhX58053
ScV01335
$cJ01353
Cgx51831
KmX89522
KmX89524
KmX89523
CnL05428
FnX60183
CnL05427
CnM55625
TcX60182
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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.




CkeM60303
TgM60311
CuM60309
CgM60304
CpM60307
CtM60308
CkrM60305
CkrM55528
C1M55526
C1M60306
CaM60302
CanJ005123
CaAR11447
CdxX99399
CEM55527
DhX62649
DhX58053
ScV01335
$cJ01353
CgX51831
KmX89522
KmX89524
KmX89523
CnL05428
Fnx60183
CnL05427
CnM55625
TcX60182

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 18S rRNA gene obtained using ClustalX.




CkeM60303
TgM60311
CvM60309
CgM60304
CpM60307
CtM60308
CkrM60305
CkrM55528
C1M55526
C1M60306
CaM60302
CaAJ005123
CaAR11447
C©dx99399
CEM55527
DhX62649
DhX58053
Scv01335
$cJ01353
CgX51831
KmX89522
Kmx89524
KuX89523
CnL05428 AGCT
Fnx60183 COATTGANTIE : CCTTCGETCAGAAGE TGN

CnL05427 GATTGAS lﬂ&UﬂbATCTCTG#&TTBGCSTTGGGGAQCCGGCRRGGGCRCCCCTTGGECGRG!&GC!G&TC&q-m..uu.ua

CnM55625 2CGh - aGGChCGCCTEGactenBanac?cavcaaactrsﬁTcaxuamnasssasTnaa;ﬁrcaraa:aasaTTTc
TcX60182 TG

a; Areas of homology between all aligned sequences are highlighted
b; Emboldened sequence was obtained during the course of this study.

Table 170; Alignment of Genebank sequences and the C. albicans type strain CBS 562 sequence
of the full 18S rRNA gene obtained using ClustalX.




CkeM60303
TgM60311

CvM60309

CgM60304

CpM60307

CtM60308

CkrM60305
CkrM55528 CGTAGGTGAACCTGCGGAAGGATCATTA:
C1M55526 CGTAGGTGAACCTGCGGARGGATCATTA
CIM60306  —=mmmemmeuecssss s m e e e e e . - —————
CaM60302 CGTAGGTGAACCTGCGGARGGATCATT =
CaAJ005123 CGTAGGTGA
CaAR11447 -

Cdx99399 CGTAGGTGAACCTGCAGAAGGATCAAGCTTGGATCCCG
CEM55527 CGTAGGCGAACCTGCGGAAGGATCATTA- -~ —- - -~ -—= -—=
DhX62649 CGTAGGTGAARCCTGCAGRRGGATCAAGCTT! -
DhX58053 CGTAGGTGAACCTGCGGAAGGATCATT = -
Scv01335 CGTAGGTGARCCTGCGGAAGGATCATTA.
Scg01353 CGTAGGTGAACCTGCGGAAGGATCATTA
CgXx51831 CGTAGGTGAAC-TGCGGAAGGATCATTA bkt
KmX89522 CGTAGGTGAACCTGCGGAAGGATCATTA- =

KmX89524 CGTAGGTGAACCTGCGGAAGCGATCATTA- -~~~ -~ ————===-———————=———-——————
KmX89523 CGTAGGTGAACCTGCGGAAGGATCATTA-- -~ ———— =

Cn1.05428 CGTAGGTGAACCTGCGGAAGGATCAGTAGAGAATACTGGACTTTGGTCCATTTATCTACC
FnX60183 CGTAGGTGAACCTGCGGAAGGATCAGTA =
CnL05427 CGTAGGTGAACCTGCGGAARGGATCAGTAGAGAATACTGGACTTCGGTCCATTTATCTACC
CnM55625 CGTAGGTGAACCTGCAGAAGGATCAAGC
TcX60182 CGTAGGTGAACCTGCGGAAGGATCATTA- -

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.






