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The increased incidence of fungal infections Phenotypic characteristics
during the last decade has been well-documented [1-4].
Given that one of the most important factors contributing C. dubliniensisis closely related to and shares
to this phenomenon is the increased numbers of immuno-many phenotypic characteristics with albicang[7]. This
compromised individuals, it is perhaps not surprising that close similarity has hindered differentiation between the
species previously not associated with human disease antwo species in the clinical laboratory. Both species produ-
novel species previously unknown to science have beence germ tubes and chlamydospores, features previously

identified as potential pathogens (eBgnicillium mar- associated solely with, and used for the definitive identifi-
neffei[5], Emmonsia pasteurian@®] and Candida dubli- cation of,C. albicans It has been reported th@t dubli-
niensig[7]). niensisstrains can differ fronC. albicansin that they

C. dubliniensiswas first identified as a new spe- often produce chlamydospores more readily and more
cies in 1995 [7]. As its name suggests this species was ori-abundantly on Rice agar Tween (RAT), Tween 80-oxgall-
ginally described in Dublin, Ireland. While performing an caffeic acid (TOC) or cornmeal agar [7,13,20]. However,
epidemiological investigation of oral candidosis in Irish this unusual chlamydospore presentation has not been
HIV-infected individuals and AIDS patients in the early shown to be reproducible in some laboratories [14,21]. In
1990s it was discovered that some germ tube- anda recent study describing North Amerigandubliniensis
chlamydospore-positive isolates, which were identified as isolates it was shown that 16 of 23 (70@)dubliniensis
Candida albican®n the basis of these characteristics, fai- isolates produced abundant chlamydospores, however,
led to hybridize efficiently with the. albicansspecific 1 of 28 (3.6%)C. albicansisolates examined also exhibi-
DNA fingerprinting probe 27A [7,8]. Subsequent in-depth ted a similar phenotype [14]. Thus, while examination of
analysis of these organisms revealed that they constitutecchlamydospore production may be of some use as a con-
a distinct species clearly separate from, but closely relatedfirmatory identification test foC. dubliniensisit should
to, C. albicang[7]. In the intervening four yearS. dubli- not be used as a primary means of identification.
niensisisolates have been identified in a range of clinical Comparative growth analysis at elevated temperatures
settings by many laboratories throughout the world [9-19]. such as 42°C and 45°C has also been suggested as a

The purpose of this short article is to review means of discriminatin€. dubliniensisrom C. albicans
briefly the most recent data available ©ndubliniensis [7,22]. While allC. dubliniensissolates tested so far do
In particular we wish to highlight the advances being not grow at 45°C there is some confusion as to what pro-
made in the development of rapid and accurate tests toportion ofC. albicansisolates can grow at this temperatu-
allow the discrimination ofC. dubliniensisfrom other re. In our laboratory we have found that only 1 of 100
Candidaspecies, especiall¢g. albicans With the intro- C. albicansisolates tested failed to grow at 45°C [22].
duction of these tests we hope that many other laborato-However, in another study it has been shown that 10 out
ries will be encouraged to search for this species in of the 28 (36%)C. albicansisolates tested also failed to
clinical specimens and culture collections and thus provi- grow at this temperature [14]. The reason for this discre-
de further information concerning the epidemiology and pancy is not clear, but may be a reflection of the inaccu-
the true clinical significance of this newly identified racy of temperature readings and heat distribution in many
opportunistic pathogen. laboratory incubators. Whatever the reasons, it would

again appear that absence of growth at 45°C should only
be used as a confirmatory test in conjunction with one or
more other identification tests.

The recent introduction of the chromogenic
medium CHROMagar Candida has proven to be particu-
larly helpful in the identification o€. dubliniensidsola-
tes, particularly following primary culture from clinical
specimens. WhileC. albicanscolonies are a light
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blue/green colour on this mediut dubliniensicolonies

are a much darker green colour [20,21,23]. This colour is
particularly pronounced if plates are incubated for longer
than 48 h (e.g., up to 72 h). Although CHROMagar
Candida has been widely used in the identification of pri-
mary clinical isolates o€. dubliniensidt has been repor-
ted that the ability ofC. dubliniensisto produce its
distinctive dark green colour can be lost following subcul-
ture and storage [21]. One of the earliest observations
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which suggested th&t. dubliniensisvas distinct fromC. amplified polymorphic DNA (RAPD) PCR analysis [7].
albicanswas based on comparative analysis of substrateThese data indicated that the genomic organisation of
assimilation profiles using commercially available yeast C. dubliniensisis readily distinguishable from that &f.
identification kits such as the bioMérieux API ID 32C and albicans Recently, a species-specific repetitive DNA ele-
APl 20C AUX systems [7]. The data generated using ment has been identified @. dubliniensiswhich shows
these kits revealed that the range of carbohydrates assimipromise for use as a specific fingerprinting probe for this
lated byC. albicansand C. dubliniensisvas significantly species and will greatly aid in the epidemiological analy-
different. From these and other studies it is evident thatsis of C. dubliniensisinfections [28]. Interestingly, preli-

C. dubliniensisisolates, unlike the great majority of minary data using this probe suggest Badubliniensis

C. albicansisolates, are unable to assimilate methph- isolates can be subdivided into two distinct groups, one of
glucoside, lactate or xylose [7,14,24]. In addition, which forms a cluster of closely related strains [28].
C. dubliniensiggrows much more slowly thad. albicans However, DNA fingerprinting techniques, such as restric-
when trehalose is the only source of carbon. The recenttion endonuclease (REA) analysis, PFGE analysis and
inclusion of many specifi€. dubliniensiscarbohydrate DNA fingerprinting using specific probes are expensive,
assimilation profiles in the databases of the APl ID 32C time consuming and not readily applicable to routine use
and APl 20C AUX kits will certainly aid the identification  for identification purposes in most clinical microbiology
of this speciesC. dubliniensisandC. albicanscan also be diagnostic laboratories.

distinguished using a variety of other commercially avai- Demonstrating tha€C. dubliniensishas a distinct
lable yeast identification techniques, including the RaplD genomic organisation was insufficient for the delineation
Yeast Plus, VITEK YBC and VITEK 2 ID-YST systems of C. dubliniensisas a species separate fr@nalbicans.

[25]. One interesting characteristic exhibited @ydubli- To determine the phylogenetic relationship of these orga-
niensisis that cells grown at 37°C on Sabouraud’s dextro- nisms it was necessary to demonstrate that, in addition to
se agar have the ability to coaggregatitro with cells differences in genomic organisation, there is a significant

of the oral bacterial specidausobacterium nucleatum nucleotide sequence divergence between the two species.
[26]. C. albicanscells grown under the same conditions The final and most conclusive evidence tBadublinien-
fail to coaggregate with this species. The clinical signifi- sisis abona fidespecies came from the comparative
cance of this finding is not clear, however, the authors analysis of ribosomal RNA (rRNA) gene sequences from
who first described this phenomenon suggest that a test variety ofCandidaspecies. In the original paper descri-
which they have developed to distinguiShdubliniensis bing C. dubliniensisit was found that a 600 bp region
from C. albicansbased on this phenomenon is rapid, spe- encompassing the V3 variable region of the large rRNA
cific and inexpensive [26]. (I'RNA) genes ofC. dubliniensisandC. albicansdiffered

C. dubliniensigsolates have also been discrimina- by 2.3% [7]. Similar analysis of the D1/D2 region of the
ted fromC. albicansusing a number of more sophistica- IrRNA genes of both species also revealed a significant
ted techniques. Firstly, Bikandit al. have developed a degree of nucleotide divergence [29]. In addition, compa-
C. dubliniensisspecific antiserum [9]. In this study, anti- rison of the sequence of the self-splicing group | introns
serum raised again§. dubliniensiswas adsorbed with  present in the IrRNA genes of both species revealed that
C. albicansblastospores and subsequently used in an indi-the C. dubliniensisintron is almost identical to that of
rect immunofluorescence assay. In this test the antiserumC. albicansexcept for two widely divergent stem-loop
reacted with blastospores and germ tubeS.adublinien- regions [11]. The unique phylogenetic position of
sis but not withC. albicansblastospores, suggesting that C. dubliniensiswas further established by comparison of
there are differences in the cell wall architecture of the the sequences of the entire small rRNA genes (approxima-
two species. Interestingly, the antiserum also reacted,tely 1.8 kb) ofC. dubliniensisandC. albicanswhich reve-
albeit weakly, withC. albicansgerm tubes and hyphae. aled a difference of 1.4% [30]. In addition to ribosomal
However, this did not interfere with the results obtained in RNA sequences, th&CT1gene, which encodes the struc-
a blind trial when the antiserum correctly discriminated tural protein actin, has been used extensively in phyloge-
between 83C. dubliniensisand 43C. albicansisolates. netic studies. Comparison of thReCT1 genes from
This test is very rapid and specific, however, its potential C. albicansand C. dubliniensisshowed that the coding
for widespread use is limited by the availability of the sequences differ by 2.1% while the less highly conserved
antiserum and the necessity to use immunofluorescenceACTI-associated introns differ by 16.6% [31]. These fin-
microscopy. Other tests which allow the discrimination of dings strongly suggest th@t albicansandC. dubliniensis
C. dubliniensisand C. albicansinclude pyrolysis mass  diverged from each other in the distant past.
spectrometry (PyMS) and Fourier transform infrared (FT- As well as direct evidence of significant sequence
IR) spectroscopy [27]. However, the technology required divergence in specific genes there is also evidence of
to perform these techniques is not widely available thus genome-wide sequence divergence based on data obtained
precluding their usefulness in routine clinical diagnostic using multilocus enzyme electrophoresis (MLEE) analy-

laboratories. sis. This technique, which measures the relative electro-
phoretic mobility of specific proteins, was used to
Genotypic characteristics differentiate a subgroup of Swiss atypiGandidaisola-

tes, which were later identified & dubliniensisfrom
The first isolates now known to I&2 dubliniensis C. albicans[10]. In the original study by Boerliat al. it

were first noticed and distinguished fra@n albicansiso- was observed that, in contrast with albicans C. dubli-
lates because of their unusual DNA fingerprint patterns niensisisolates did not appear to produgglucosidase
generated using th@. albicansspecific DNA fingerprin- activity. This led to the design of a simple method to dif-

ting probe 27A [7,8]. That there are significant differences ferentiate between the two species based on the ability of
in the chromosomal arrangement of sequences in eactC. albicansto generate fluorescence in the presence of

species was confirmed using a wide range of DNA profi- methyl-umbelliferyl-labelle@glucoside [10]. This techni-

ling techniques, including fingerprinting with oligonucle- que has been used quite successfully in a number of stu-
otides homologous to microsatellite sequences, dies, although in a recent analysis of an archival stock

pulsed-field gel electrophoresis (PFGE) and randomly collection 67 of 537 (12.5%F. albicansisolates were
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found to bef3glucosidase negative [17]. Another techni- 1 2 3 4 5 6 7 8 9 10 11 12 M
gue based on genetic sequence divergence that shows
great potential for use in the rapid identification of
C. dubliniensisis the polymerase chain reaction (PCR).610 » &
To dateC. dubliniensisspecific primers have been desig-

ned on the basis of the sequence of the D1/D2 region

the IrRNA gene [29] and th&CTZintron [31]. In the lat-

ter study, theACT1 C. dubliniensispecific primers have 288 »
been tested successfully in an extensive blind trial inclu-
ding greater than 12Q. dubliniensisand 50C. albicans

isolates from a range of clinical specimens recovered from
patients around the world (Figure 1). Using this test

C. dubliniensigsolates can be identified accurately in less

than 4 h.C. albicansspecific primers have also been Figure 1. Agarose gel with ethidium bromide-stained amplimers from PCR
designed based dPHR1 sequences which do not yield ~{%¢tions, tsing funaal specific primers (610 bp produch) and
ampllmers when used wiiB. dubhmensﬂemplate DNA (288 bp product) [31]. Lane 1; C. dubliniensis type strain, CD36, Lane 2;

[32]. Restriction fragment length polymorphism analysis S, 2067 1328 Lane 5, . alicans scomts, Lane & T 1.C sl

of amplimers obtained using PCR primers flanking negative control lacking template DNA. Lane M; 100 bp molecular weight
various regions of the rRNA locus have also been ladder.

demonstrated to allow the discrimination@f dublinien-

sis from C. albicans[33]. In addition, a PCR enzyme C. dubliniensisappears to be most often associated with
immunoassay (PCR-EIA) using@ dubliniensisspecific recurrent episodes of the erythematous form of oral candi-
DNA probe derived from the ITS2 region of the rRNA dosis. Interestingly, in a recent study, dubliniensisvas
locus has also been developed [12]. These techniques arémplicated in an unusual form of linear gingival erythema-
specific, rapid, easy to perform and applicable to large tous candidosis [35]. We have also identified this species
numbers of isolates and should enhance the rapid andas a cause of oral disease in non-HIV-infected individuals

accurate identification of. dubliniensisn the future. and have detected it at low incidence levels in normal
healthy individuals (Table 1). In addition, there have also
Epidemiology been reports of the recovery Gf dubliniensisisolates

from vaginal and faecal samples [7,17]. Isolates have also
Originally identified in specimens recovered from been recovered from cases of systemic disease in non-

the oral cavities of HIV-infected individuals with recu- HIV-infected patients [16,22]. In a recent report one
rrent oral candidosis in Irelan@,. dubliniensishas since ~ patient receiving cytotoxic chemotherapy for relapsed
been identified in a wide variety of clinical settings rhabdomyosarcoma and two patients following allogeneic
throughout the world. Details of the isolation of this spe- haematopoietic stem cell transplants yiel@daiublinien-
cies from different subject cohorts in our own study popu- Sis-positive blood cultures [16]. o

lation are presented in Table 1. In addition to the recovery The earliest known isolates Gf dubliniensigre-

of C. dubliniensisn Ireland, there have been many recent date the AIDS epidemic. One isolate deposited in the
reports of the identification of this species in laboratories British National Collection for Pathogenic Fungi@sste-
around the world [9-19,24,28,33,34]. Most of these isola- llatoideain 1957 [7] and another deposited in the Centraal

tes have been recovered from cases of oral candidosis ifBureau voor Schimmelcultures in Holland @salbicans
HIV-infected individuals. From our own experience in 1952 have recently been identified @sdubliniensis

[16]. This highlights the problem of misidentification of

Table 1. Recovery of oral C. dubliniensis isolates from different cohorts of Irish individuals.

Group No. of Clinical symptoms No. subjects yielding Other Candida species co-isolated*
subjects of oral candidiasis C. dubliniensis
HIV-positive 185 Symptomatic 48 (26%) 12 C. dubliniensis only
36 C. dubliniensis & other Candida species
HIV-positive 216 Asymptomatic 39 (18%) 7  C. dubliniensis only
32 C. dubliniensis & other Candida species
AIDS 82 Symptomatic 26 (31.7%) 8 C. dubliniensis only
18 C. dubliniensis & other Candida species
AIDS 36 Asymptomatic 9 (25%) 3 C. dubliniensis only
6 C. dubliniensis & other Candida species
HIV—negative'” 72 Symptomatic 10(13.9%) 3 C. dubliniensis only
7  C. dubliniensis & other Candida species
HIV-nega’rive§ 56 Symptomatic 6(10.7%) 2 C. dubliniensis only
4 C. dubliniensis & other Candida species
HIV—negative# 202 Asymptomatic 7 (3.5%) 1 C. dubliniensis only
6 C. dubliniensis & other Candida species

Data from Coleman et al. [36] and [D. Coleman unpublished].

*C. albicans was the species most commonly co-isolated with C. dubliniensis, followed by (in decreasing order of frequency)

ﬁ glabrata, C. tropicalis, C. krusei and, infrequently, several other non-C. albicans Candida species and other yeast species.
HIV-negative subjects with denture-associated oral candidosis.

8§ HIV-negative subjects with non-denture-associated oral candidosis.

# Normal healthy oral Candida carriers.
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C. dubliniensisdue to its phenotypic similarity with  C. dubliniensispossesses homologues of se@nalbi-
C. albicans(and C. stellatoidea In two separate studies canssecretory aspartyl proteinase gen8aR. Contrary
approximately 2% of germ tube- and chlamydospore- to expectation, an early study on five atypi€andida
positive isolates ofCandidaoriginally identified as isolates, which were later identified &s dubliniensis
C. albicanswere found to beC. dubliniensis[17,36]. suggested that these isolates produced higher levels of
When isolates recovered from HIV-infected individuals proteinase activity than reference isolate<Cofalbicans
alone were taken into account the proportion of misidenti- [15]. Both of these studies also suggested @adlubli-

fied isolates assumed even greater significance. niensisisolates are more adherent to buccal epithelial cells
than theC. albicansstrains tested [15,30]. Interestingly,
Antifungal drug resistance and virulence SAPs have been proposed to play a role in adherence to

tissue. Clearly the pathogenicity Gf dubliniensisis a

SinceC. dubliniensigs most often associated with complex subject and the data from these two studies have
recurrent episodes of disease in HIV-infected individuals yet to be confirmed. The only available published data
it has been suggested that its recent emergence as a humdrpm an animal model is also equivocal. In a limited
pathogen may have resulted from selection due to thestudy, thein vivovirulence of fourC. dubliniensidgsolates
widespread use of antifungal drug therapy [36]. However, (one vaginal and three oral) and one referéhcalbicans
a number of studies have revealed that the great majorityisolate was tested in a systemic mouse model of infection.
of C. dubliniensisisolates are susceptible to commonly With an inoculum size of 2 x t@ells per mouse the
used and novel antifungal agents [14,17,37,38]. In the C. dubliniensisstrains were clearly less virulent than the
most comprehensive study performed to date 97% of thereferenceC. albicansisolate, however, when the inocu-
71 C. dubliniensissolates tested were susceptible to flu- lum was increased to 1 x 1€ells per mouse the results
conazole [38] , the agent which has been used most comwere less clear cut [30]. These data are clearly very preli-
monly in the treatment of oral candidosis in HIV-infected minary and are based on limited numbers of strains. In
individuals. In this study, resistance (e.g., the MIC inter- addition, a systemic infection model is not ideal for the
pretative breakpoint concentration) was defined as MIC analysis of virulence of organisms implicated in superfi-
>64 pg/ml as recommended by the NCCLS [39]. cial infections.
However, a number of isolates with dose-dependent sus-
ceptibility (MIC 16-32 pg/ml) have also been described in Conclusions
several other studies [14,17,37]. Notably, comparison of

the geometric mean MICs for fluconazole, itraconazole C. dubliniensishas emerged as a significant cause
and ketoconazole for 58 isolates eactCofalbicansand of candidosis. Although it is primarily associated with
C. dubliniensisevealed that the MIC values Gf dubli- recurrent oral infections in HIV-infected individuals, it

niensiswere significantly and consistently higher than has also been implicated in cases of superficial and syste-
those of theC. albicansisolates [17]. Thus although the mic disease in non-HIV-infected individuals. In order to
vast majority ofC. dubliniensigsolates are susceptible to confirm the true clinical significance @&. dubliniensis
fluconazole they may be slightly less so than ntstlbi- there is a clear need for a thorough investigation of its epi-
cans perhaps allowing them a limited selective advantage demiology. This should be facilitated by the recent deve-
in patients treated extensively with this drug. Another lopment of a number of reliable identification tests. We
interesting phenomenon concerni@ig dubliniensids the recommend the use of CHROMagar Candida medium as a
comparative ease with which it is possible to induce stableprimary means for the presumptive identification of
fluconazole resistand@ vitro. Simply growing colonies  C. dubliniensisn clinical samples following primary cul-
on agar medium containing sequentially increasing con- ture. Any colonies showing a dark green colour should be
centrations of fluconazole results in the development of examined using one or more of the following simple tests;
resistance [37]. Analysis of the resistance mechanisms incarbohydrate assimilation (particularly xylosamethyl-
both clinical andin vitro-generated resistant organisms D-glucoside and lactate), absence of growth at 45°C, fluo-
has revealed that overexpression of the major facilitator rescence with methyl-umbellifery3glucoside or PCR
protein Mdrlp appears to be largely responsible for the using species-specific primers. In the future, further stu-
resistance phenotype [40]. This is in contrast to the situa-dies should also be performed to determine the frequency
tion in C. albicanswhere it has been suggested that ove- of antifungal drug resistance in clinical isolates and the
rexpression of the ABC transporter protein Cdrlp is a mechanisms of resistance used by this species. Such stu-
more common mechanism of fluconazole-resistance dies should help to determine some of the reasons for the
[41,42]. To date, resistance to antifungal agents other tharrecent emergence @. dubliniensisas a cause of human
fluconazole (e.g., itraconazole, ketoconazole, amphoteri-disease. Finally, the analysis of virulence mechanisms in
cin B, voriconazole and a range of novel agents including C. dubliniensisand their comparison with those ©f albi-
triazoles and echinocandins) has not been observed ircansshould help our understanding of how both of these
C. dubliniensis organisms cause disease.

Despite the fact that. dubliniensisis a signifi-
cant cause of human disease, very few studies have been
performed to investigate virulence factors in this species.
Given the close phenotypic similarity betwe@ndubli-
niensisandC. albicansit might be expected that they may

share the ability to produce certain putative virulence fac- The authors wish to thank all of our colleagues throughout

tors. BC_)th SpeCieS are dimorphic, a"thUg_h in_ one limited the world who have sent us strains of C. dubliniensis. Our
study, it has been suggested that the kinetics of hyphal studies were supported by grants from the Irish Health
production inC. dubliniensiss slower than that observed Eis\ﬁf‘e’ﬁsoﬁ%a;ﬂugf?gﬁaﬁ'{’ﬁof‘})ﬁ’%o%’gadagg osfem. by
for referenceC. albicansstrains [30]. This may have a Dental School and Hospital.

bearing on the ability of. dubliniensigsolates to invade
tissue and may contribute to the apparent lower virulence
of this species. In the same study it was also shown that
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