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ABSTRACT

Thisstudy investigated the prevalence of C. dubliniensisin aBrazilian family withan HIV - infected child. A
total of 42 oral isolates were obtained from eight family members. The identification of C. dubliniensiswas
performed by polymerase chain reactions (PCR) using primers against a specific sequence of the C.
dubliniensis cytochrome b gene. Only the HIV-infected child and his grandmother were colonized by C.
dubliniensis. In this study C. dubliniensis isolated from the HIV-infected child exhibited high susceptibility
for azolestested with M1Csof 0.125 and 0.5 ug/mL for voriconazol e and fluconazol e, respectively. Accumulation
of [3H] fluconazolein C. dubliniensisisolated from the HI V-infected child was slightly reduced in comparison
to the reference susceptible strain. C. dubliniensis isolates had significantly lower ergosterol levels in

comparison to C. albicans reference strains.
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INTRODUCTION

C. dubliniensis is closely related to C. albicans
phylogenetically and is found commonly around the world
(23,26). In previousinvestigations C. dubliniensiswasisolated
fromtheoral cavitiesof 27% of human immunodeficiency virus
(HIV)-infected subjects and 32% of AIDS patients with oral
candidosis(4,18). C. dubliniensis has al so been recovered from
the oral cavities of asymptomatic and symptomatic
immunocompetent individuals, although to amuch lesser extent.
Candida dubliniensis was first described in South America by
Rodero et al. (20). Transmission of genetically indistinguishable
strains of C. albicans between HIV-infected adult partners has
been reported previously (14). Little is known about the
transmission of C. dubliniensis between children and within
families (14). The majority of C. dubliniensis clinical isolates
tested to date are susceptible to several antifungal agents (13).

This study investigated the prevalence of C. dubliniensisin a
Brazilian family withan HIV - infected child.

MATERIALSAND METHODS

Subjects

OneHIV-infected childwho acquired HIV verticaly isbeing
monitored at the Pediatric Immunodeficiency Outpatient
Service, M edical School, Sate University of Campinas. The
child’'s parents had deceased from HIV infection disease. The
oral florafrom the HIV-infected child and his family members
wasinvestigated. A total of 42 oral isolates were obtained from
eight family members(Table 1).

I dentification
All isolates (n=42) wereidentified according to the standard
technique (21). They wereprimarily cultured at 30°C for 48 hours
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Table 1. Characteristics of the eight family members with an
HIV-infected child.

Name Kindred Age(years) Race  Gender
LPS HIV child 5 white Made
MLA  grandmother 5] white  Femde
LA aunt 5 white  Femde
PA uncle 20 white Made
CA uncle 21 white Made
CHA cousin 2 white Made
CAMA cousin 72 white  Femde
JA cousin 6 mulatto Femde
amonths.

on chromogenic agar (CHROMagar® Candida- France), (1) prior
to growth on corn meal agar (DIFCO, USA), supplemented with
1% tween 80, at 25°C for 7 daysfor chlamydospore production.
Germ tube formation was performed using calf serum (GIBCO
BR, USA) at 37°C for 2to 4 hours. In addition theisolateswere
tested with Candida Check kit® (Iatron laboratories, INC, Japan)
(28) and ID32C® analytic profileindex strip (bioMerieux, Marcy
I’Etoile, France). Differential growth test at 45°C was used to
distinguish Candida albicans from C. dubliniensis. All isolates
were stored on potato dextrose broth (PDA Difco, MO, USA)
containing 25% glycerol at -80°C and tested for molecular
biotyping at alater time.

Candida dubliniensis isolates

C. dubliniensisisolatesof IFM 48184 (F6583isolated froma
Japanese patient), 48313 (CBS 7978), 48314 (CBS 7988) and 49192
(S-34isolated from aBrazilian patient) were used asreferences,
and isolates 73 and 390 were obtained from the Brazilian HIV-
infected child during 1998 and 1999 (23). The tested isolates
were2-MLA, 3-MLA (grandmother) and 3-LPS(Brazilian HI V-
infected child), collected during 2000 and 2001. The Brazilian
HIV-infected child received highly active antiretroviral therapy
(HAART) including nelfinavir, zidovudinaand 3TC. The HIV-
infected child received homecare from the grandmother.

Confirmation of C. dubliniensisby polymerasechain reactions
(PCR)

The isolates were cultured on potato dextrose agar (PDA
Difco, MO, USA) dlants at 30°C temperature for 48 hours.
Extraction of DNA was performed using aDNA extracting kit;
Gen Toru Kun for yeasts (TaKaRa, Ohtsu, Japan). PCR was
performed by amplifying a specific sequence of the C.
dubliniensis cytochrome b gene (2,23). The primers used were
Cdub-F (5-TTCTCTGTAAGTAATCCTACAATACAGCGT-3)
andCdub-R (5-ACAATTGATGGAGGTGTCACCATTGGGTTT-
3). A positive result was indicated by the presence of a 305
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base product after resolution by electrophoresisin 1% agarose.
Comparison of DNA fingerprinting by random amplified
polymorphic DNA (RAPD) patterns. Theisolateswere analyzed
by RAPD patterns generated by PCR using 10 pmole of the
primer R28M (5-ATGGATCSSC). An annealing temperature of
35°C was used with Tag DNA polymerase (2,23).

Antifungal susceptibility tests

Susceptibility tests were performed using the broth
microdilution method according to the National Committee for
Clinical Laboratory Standards (15). Antifungal agents used in
this study included amphotericin B (AMPH) (Bristol-Myers
Squibb), nystatin (NYS) (Bristol-Myers Squibb), fluconazole
(FLCZ) (Pfizer Pharm. Inc. Japan), voriconazole (VOR) (Pfizer
Pharm. Inc. UK), miconazole (MCZ) (Mochida Pharm. Inc.
Japan), itraconazole (ITCZ) (Janssen-Kyowa Co., Ltd., Japan),
ketoconazole (KTZ) (Janssen-Kyowa Co., Ltd., Japan), and
clotrimazole (CTZ) (Sigma, St. Louis, Mo., USA). Theminimal
inhibitory concentration (MIC) for azoles was defined as the
lowest concentration of antifungal agent at which 80%
inhibition of growth occurs compared with that of the growth
control well. And the breakpointsfor amphotericin B and nystatin
were defined as 100% inhibition compared with that of the growth
control well.

Accumulation of [*H] fluconazolein C. dubliniensisisolates
Accumulation of [3H] fluconazole in Candida cells was
determined by afilter-based assay adapted from Sanglard et al.
(22). All experimentswere repeated on three separate occasions.
Overnight cultureswere grown in Y NB containing 2% glucose
at 30°C, 200 rpm to adensity of 10° cellsper mL. Thecellswere
centrifuged at 4,000 rpm for 5 minutes and the pell et resuspended
inYNB medium to the original cell density. A total of 20 uL of
[3H] fluconazole (0.154 kBq), with aspecific activity of 37 kBg/
mmole, was added to 1 mL of the cell suspension. The cells
wereincubated at 30°C with shaking at 200 rpm. Samplesof 100
uL werewithdrawn at fixed timeintervals, and mixed with 0.5 mL
of cold Y NB medium containing 20 uM unlabelled fluconazole
placed in a Spin-X nylon membrane microfiltration unit (pore
size 0.45 um - Costar, Cambridge). The cells were isolated by
centrifugation at 9,000 rpm for 30 s and then washed with the
unlabelled fluconazole-YNB medium three times. Liquid
scintillant was added and the radioactivity within the cellswas
measured using aliquid scintillation analyzer (2500 TR-TRI carb,
Packard Bioscience Company). In aseparated experiment cells
were exposed to a subinhibitory concentration of sodium azide
(NaN3; 0.01 mM) (13) to establish whether [3*H] fluconazole
accumulation was an active energy- dependent process.

Serol analysis
C. dubliniensis cells were grown to saturation in YNB
medium containing 2% glucose. Cells (108 cells/mL) were



harvested by centrifugation for 5 min at 3000 rpm, transferred to
glasstubesand resuspended in 5 mL of methanol, 3 mL of 60%
KOH and 2 mL of 0.5% (w/v) Pyrogalol dissolved in methanol.
Additionally 50 uL of 1 mg/mL cholesterol was added to the
control sample. The sampleswere saponified by heating at 90°C
for 2 hours. Sterols were extracted using two 5 mL aliquots of
hexanefollowed by evaporation to drynesswith N.. Theisolated
sterol fractions were resuspended in 100 pL of toluene and
heated at 60°C for L hfor silylationwith 20 uL of bis(trimethylsily)
trifluoride (BSTFA). The sterol samples were analyzed by gas
chromatography/mass spectrometry using split injections at a
ratio of 20:1. Sterol identification wasdetermined by comparison
of retention times and mass spectra (5,6).

RESULTSAND DISCUSSION

HIV-infected patients often suffer severe forms of
oropharyngeal candidosis, mainly caused by Candida albicans,
although over the last decade the reported incidence of
infections caused by other Candida species has increased
significantly (16). Candida dubliniensisisarecently identified
yeadt, (23,24,26) mostly isolated in HIV-infected individual swith
oral candidosis. C. dubliniensis has also been recovered from
the oral cavities of asymptomatic and symptomatic
immunocompetent individuals, although to amuch lesser extent.
Transmission of genetically indistinguishable strains of C.
albicans between HIV-infected adult partners has been reported
previoudly (14). However, littleisknown about thetransmission
of the isogenic C. dubliniensis strain between children and
within families. The aim of this study was to investigate the
presence of C. dubliniensisamong Brazilian family members.

Candida dubliniensis was first described in South America
by Rodero et al. (20). Oral florafrom one Brazilian HIV-infected
child and hisfamily memberswasinvestigated. A total of 42 oral
mucosa isolates were obtained from eight family members
between September 2000 and January 2002 (Table 1). Yeast
isolates were identified by classical methods. These included
chromogenic agar culture, chlamydospore production, germ
tube formation, Candida Check kit®, ID32C® profiled; and the
temperature test was al so used to distinguish Candida albicans
from Candida dubliniensis by its differential growth at 45°C.
The confirmation of Candida dubliniensis identification was
performed using molecular biotyping. Theora floraof thefamily
members showed high diversity with several non-albicans
isolates (Fig. 1), particularly the HIV-infected child was carrier
of several Candida species. Candida dubliniensis was isolated
only in the HIV-infected child and in his grandmother. The
grandmother has repeatedly refused to be HIV tested. The
colony formation unit (CFU) quantification was higher for
Candida dubliniensis (CFU=100) in the HIV-infected child than
in his grandmother (CFU <30). No one presented symptomatic
oropharingeal candidosisat the moment of the oral examination.

Candida dubliniensisin aBrazilian family

C. albicans

C. dubliniensis (MLA

C. glabrata

C. rugosa  C. parapsilosis
C. rugosa LPS
C. albicans
C. dubliniensis
CHA @y, C. tropicalis
P, etchellsii C.rugosa  C. parapsilosis
CAMA) Kloeckera  S. cerevisae

C. parapsilosis
P. etchellsii

Figure1. Diagram of the speciesidentified amongst theisolates
fromthefamily membersof the HIV-infected child. O LPS (HI V-
infected child); + (HIV-infected mother) and ++ (HIV-infected
father) both are deceased. Kindred of the HIV-infected child
(MLA,CA,PA,LA,CHA,JAand CAMA).

Higher Candida species diversity was observed in the HIV-
infected child (Fig. 1).

At the phenotypic level of analysis a number of traits are
distinguishable between the majority of C. albicans and C.
dubliniensisisolates (27). However, conclusive differences must
be assessed at the genetic level (25). Using the classical
identification methods it was not possible to identify some
isolates tested. The primary culture of Candida isolates on
CHROMagar showed a dark green colony, rough appearance
and smaller size in comparison with C. albicans colonies. The
tested isolates that were identified as C. dubliniensis by PCR
appeared as 305 base pair bandsonthegel (Fig. 2). Thereference
isolates had independent band patterns after the RAPD-PCR.
Isolates 73,390, 2-MLA, 3-MLA and 3-LPS had identical RAPD
band patterns (Fig. 3), indicating that the clinical follow-up of C.
dubliniensis might have the same genotype. The other Brazilian
C. dubliniensis (S-34) had different genotype. The genotypic
coincidence among C. dubliniensisisolatesfrom the samefamily
member revealed that the grandmother was probably
contaminated through the HIV-infected child (Fig. 3). Further
epidemiological studiesfor hisenvironment, such as neighbors,
classmates and relatives might be requested. Recently Milan
and collaborators (12) reported that Candida spp. colonization
was 33% of the AIDS household contactsin contrast with 14%
of the HIV-negative control (11,12). C. albicans was the most
frequently isolated species. Our findings also reveal that
transmission through the family membersispossible and perhaps
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Figure 2. The gel image of amplification of C. dubliniensis
specific genein cytochromeb. Marker, 1line; 2, IFM 48184; 3,
IFM 48313; 4, 1FM 48314, 5, IFM 49192, 6, 73; 7, 390; 8, 2-MLA;
9,3-MLA;and 10, 3-LPS.

representsapreviously under appreciated factor infamilieswith
or without HIV infection. Moreover, the asymptomatic members,
who have not received antifungal therapy, may & so be colonized
with resistant Candida species. The transmission of C.
dubliniensis among siblings, parents and relatives may be the
exchange of contaminated fomites, which commonly occursin
the sharing of food, utensils, and toys.

MICsfor each antifungal agent were determined and all C.
dubliniensis isolates investigated were susceptible to the
antifungal drugstested (Table 2), with the exception of nystatin.
C. dubliniensis isolates exhibited MIC values of 0.125 pg/mL

Table2. MICsfor antifungal drugsin C. dubliniensisisolates.

Drug 3LPS 2MLA  IFM 48313
MIC (ug/mL)

VOR 0125 0125 0125
ACz 05 0125 025
ITCZ 1 1 0125
KTZ 003 003 003
MCZ 2 2 2
CLTZ 006 006 006
AMPH 2 2 2
NYS 16 4 8
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1353 1353
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Figure3. Thegel image of RAPD fingerprinting patternsof C.
dubliniensisisolates. 1, marker; 2, IFM 48184; 3, IFM 48313; 4,
IFM 48314; 5, IFM 49192; 6, 73; 7, 390; 8, 2-MLA; 9, 3-MLA; 10,
3-LPS; and 11, marker.

for voriconazole. C. dubliniensis isolates from Brazil in a
previous study (10) reported high susceptibility for azoles and
similar resultswere described in theliterature (13,18,19). Non-
dubliniensisisolatesfrom the other members of thefamily were
susceptible to all drugs tested (data not shown).

Few studies have reported the sterol composition in C.
dubliniensis isolates (19). As it is known enzymes of the
ergosterol biosynthetic pathway areimportant targets of several
classes of antifungals used to treat Candida infection (5,8,9).
Inthisstudy sterol profile of C. dubliniensisisolates (3-LPS, 2-
MLA and IF 48313) showed percentages of 45.4%, 50% and
49.5% of accumulated ergosterol, respectively. In contrast to
azole-susceptible C. dubliniensis isolates reported in another
study in which the ergosterol profile showed 65%, 56% or 60%
accumulation (19). C. dubliniensis isolates from the Brazilian
HIV-infected child (3-LPS) presented several intermediate sterols
(Table 3). Interestingly other intermediate sterolswere cholesta-



8,24-dienal (14%) and ergostadienal (11%) in the 3-
LPS isolate. It has previously been reported that

Candida dubliniensisin aBrazilian family

Table4. Sterol profileof C. dubliniensisclinical isolates(3-LPS, 2-MLA).

altered membrane composition can affect thefunction Sterol Profile Total steral fraction (%)

of efflux pumpsand suscepﬁ pi lity to azoleantifgngal 3LPS 2MLA IFEM® ATCCP ATCCP
agents (8,9). Sterol composition has been extensively 48313 90028 28516
investigated for C. albicans but very little is known

about the sterol profile in C. dubliniensis. In this ~ Cholesta-8,24-dienol 4 131 191 - 4
report C. dubliniensis isolates showed a reduced Ergosterol 494 0D 495 9RB7 82
ergosterol level in comparison to C. albicansreference Ergosta-7,22-dienol 34 28 37 - 06
strains (ATCC 90028 and 28516). The ergosterol level Ergosta-dienol 109 104 96 - 37
has shown values up to 80% to both C. albicans ~ Methylfecosterol 15 - 18 - 3
reference strains (ATCC 90028 and 28516), these ~ Obtusifoliol 47 56 61 - 25
results are similar to that described previously (3,9). Eburicol 03 - - -

The sterol profilein thiswork suggestsan interesting 4,4-dimethylcholesta-dienol 66 58 - -

difference between C. dubliniensis and C. albicans, Unidentified 123 123 96 63 6

in regarding that both species are closely related
phylogenetically further investigation about the sterol
profilesin other C. dubliniensis isolates is required.

Additionally because these C. dubliniensis clinical isolates
showed different ergosterol amount we decide to investigate if
thealterationin the function of efflux pumps could be presented
intheseisolates. To determineif dterationsin cellular permeability
to fluconazole could be different in both C. dubliniensisisol ates,
from HIV-infected child (3-LPS) and hisgrandmother (2-MLA),
cellswereincubated in the presence of [3H] fluconazole and the
intracellular accumulation of this compound was determined.
Theseisolateswere exposed to [*H] fluconazoleand intracellular
fluconazolelevelswere determined at severa timeintervals. The
two clinical isolates were found to differ with regard to
fluconazole accumulation. Theisolatefrom the HIV-infected child
was found to accumulate half the amount of [3H] fluconazole
than theisolatesfrom grandmother and |- 48313 reference strain
(Table 4) however no significant difference. Itisalsotruethat in
the reference strain (1F 48313 reference strain) ATP-dependent
pumps are operating, however no effect was observed when
sodium azide was added. However, the isolates from the HIV-
infected child and grandmother were found to accumulate
approximately 1.5 timesmore[*H] fluconazoleinthe presence of
sodium azide. [*H] fluconazole accumulation observed in the
isolates from the HIV-infected child and grandmother indicate
that the efflux of fluconazolefrom thesetwo strainswasan active,

Table 3. Accumulation of [*H] fluconazole (dpm/min) in presence
of NaN3in clinical C. dubliniensisisolates.

Strains  [*H] fluconazole  [3H] fluconazole + NaN;
(MD £ SD) (MD £ SD)
3LPS 46+115 70.3+20.7
2-MLA 9.6+26.1 179.4+64.7
IFM 48313 96.2+175 107.7+455

aC. dubliniensis and °C. albicans reference strains.

energy-dependent process, as sodium azide inhibits ATP
formation required for active transport. The most frequent
molecular mechanism of azoleresistance recently described has
been the upregulation of efflux pumps (17). Reports have
demonstrated resistancein C. dubliniensisisolate and its ability
to rapidly develop resistance to fluconazole. This characteristic
may partially explain the emergence of this species. Several
studies have investigated the multiplicity of mechanisms
involvedinresistanceto azole antifungal agents(7,13,17). Three
Candida albicans proteins, namely the ATP-binding cassette
(ABC) transporters Cdr1p and Cdr2p, respectively and themajor
facilitator protein Mdr1p were shown to be major mediators of
azole resistance. These two super families of active multidrug
transportersplay animportant rolein decreasing theintracel lular
fluconazole concentration of fluconazole-resistant C. albicans
isolates by amechanism of activedrug efflux pump. Drug-efflux-
mediated resistance mechanisms in yeasts provide a further
therapeutic target for the future. Therefore the differencesin the
membrane sterol composition may influence the basic biology
of these two closely related species, including virulence factors
and antifungal drug targets, which requiresfurther investigation.

The acquisition of C. dubliniensis and resistant strains by
an asymptomatic HIV-infected patient has important clinical
implications (29) and may result inthe new presentation of oral
candidosisrefractory toinitial azoletherapy. Thereforerisksfor
intrafamilial transmission should beincluded ininfection control
programs.
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RESUMO

Candida dubliniensisem uma familia brasileira com
umacriancainfectada pelovirusHIV: identificacéo
susceptibilidade a antifungicos, acimulo de fluconazol
e composicao de ester6is

O presenteestudoinvestigou aprevalénciade C. dubliniensis
em umafamiliabrasileiracom umacriancainfectadapelo virus
HIV. Umtotal de 42 isolados oraisforam obtidos de 8 membros
dafamilia. A identificacdo de C. dubliniensis foi realizada por
polymerase chain reactions (PCR) usando primers contra a
sequéncia especificapara o gene C. dubliniensis cytochrome b.
Apenas a crianca infectada pelo virus HIV e a av6 estavam
colonizados por C. dubliniensis. Neste estudo C. dubliniensis
isolado da crianca infectada pelo virus HIV exibiu alta
susceptibilidade paraazol es com concentragdo minimainibitéria
de 0.125 and 0.5 pg/mL para voriconazole and fluconazole
respectivamente. Aciimulo de [3*H] fluconazol intra-celular foi
ligeiramente reduzido em C. dubliniensis isolado da crianca
infectada pelo virusHIV em comparacdo com acepareferéncia
sensivel ao fluconazole. |soladosde C. dubliniensisneste estudo
apresentaram niveis significantemente reduzidos de ergosterol
damembrane celular em comparacdo com C. albicans.

Palavras-chave: Candida dubliniensis, agentes antifungicos,
composicéo de esterol

REFERENCES

1. Beighton, D.; Ludford, R.; Clark, D.T.; Bailsford, S.R.; Pankhurst,
C.L.; et al. Use of CHROMagar Candida medium for isolation of
yeasts from dental samples. J. Clin. Microbiol., 33, 3025, 1995.

2. Biswas, SK.; Yokohama, K.; Wang, L.; Nishimura, K.; Miygji, M.
Identification of Candida dubliniensis based on the specific
amplification of mitochondrial cytochrome b gene. Nippon Ishinkin
Gakkai Zasshi, 42(2), 95, 2001.

3.  Buurman, E.T.; Blodgett, A.E.; Hull, K.G,; Carcanague, D. Pyridines
and pyrimidines mediating activity against an efflux-negative strain
of Candida albicans through putative inhibition of lanosterol
demethylase. Antimicrob. Agents Chemother., 48, 313, 2004.

4. Coleman, D.C.; Sullivan, D.J.; Bennett, D.E.; Moran, G.P; Barry,
H.J.; Shanley, D.B. Candidiasis: the emergence of a novel species,
Candida dubliniensis. Aids, 11, 557, 1997.

5. Jackson, C.J; Lamb, D.C.; Manning, N.J.; Kelly, D.E.; Kelly, S.L.
Mutations in Saccharomyces cerevisiae sterol C5-desaturase
conferring resistance to the CY P51 inhibitor fluconazole. Biochem.
Biophys. Res. Commun., 309, 999, 2003.

6. Joseph-Horne, T.; Loeffler, R.S.; Hollomon, D.W.; Kelly, S.L.
Amphotericin B resistant isolates of Cryptococcus neoformans without
alteration in sterol biosynthesis. J. Med. \Vet. Mycol., 34, 223, 1996.

7. Karababa, M.; Coste, A.T.; Rognon, B.; Bille, J.; Sanglard, D.
Comparison of gene expression profiles of Candida albicans azole-

242

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

resistant clinical isolates and laboratory strains exposed to drugs
inducing multidrug transporters. Antimicrob. Agents Chemother.,
48, 3064, 2004.

Kelly, SL.; Lamb, D.C.; Kelly, D.E.; Lo€ffler, J.; Einsele, H. Resistance
to fluconazole and amphotericin in Candida albicans from AIDS
patients. Lancet, 348, 1523, 1996.

Kelly, S.L.; Lamb, D.C.; Kelly, D.E.; Manning, N.J.; Loeffler, J.; et
al. Resistance to fluconazole and cross-resistance to amphotericin B
in Candida albicans from AIDS patients caused by defective sterol
deltab,6-desaturation. FEBS Lett 400: 80, 1997.

. Mariano, P. de L.; Milan, E.P,; da Matta, D.A.; Colombo, A.L.

Candida dubliniensis identification in Brazilian yeast stock
collection. Mem. Inst. Oswaldo Cruz, 98, 533, 2003.

Milan, E.P; de Laet Sant’ Ana, P; de Azevedo Melo, A.S.; Sullivan,
D.J,; Coleman, D.C.; et al. Multicenter prospective surveillance of
oral Candida dubliniensis among adult Brazilian human
immunodeficiency virus-positive and AIDS patients. Diagn.
Microbiol. Infect. Dis., 41, 29, 2001.

Milan, E.P; Kallas, E.G; Costa, PR.; da Matta, D.A.; Lopes Colombo,
A. Oral colonization by Candida spp. among AIDS household
contacts. Mycoses, 44, 273, 2001.

Moran, G.P.; Sullivan, D.J.; Henman, M.C.; McCreary, C.E.;
Harrington, B.J. et al. Antifungal drug susceptibilities of oral Candida
dubliniensis isolates from human immunodeficiency virus (HIV)-
infected and non-HIV-infected subjects and generation of stable
fluconazole-resistant derivatives in vitro. Antimicrob. Agents
Chemother, 41, 617, 1997.

Muller, EM.; Groll, A.H.; Walsh, T.J. Current approaches to diagnosis
and treatment of fungal infections in children infected with human
immuno deficiency virus. Eur. J. Pediatr., 158, 187, 1999.
National Committee for Clinical Laboratory Standards (NCCLS).
National Committee for Clinical Laboratory Standards. Reference
method for broth dilution antifungal susceptibility testing of yeasts;
approved standard. NCCLS document M27-A. Wayne, Pa, 1997.
Nguyen, M.H.RJ.; Jr. Morris, A.J.; Tanner, D.C.; Nguyen, M.L.;
Snydman D.R.; et al. The changing face of candidemia: emergence
of non-Candida albicans species and antifungal resistance. Am. J.
Med., 100, 617, 1996.

Perea, S.; Lopez-Ribot, J.L.; Kirkpatrick, W.R.; McAtee, R.K.;
Santillan, R.A.; et al. Prevalence of molecular mechanisms of
resistance to azole antifungal agents in Candida albicans strains
displaying high-level fluconazole resistance isolated from human
immunodeficiency virus-infected patients. Antimicrob. Agents
Chemother., 45, 2676, 2001.

Pfaler, M.A.; Messer, SA.; Geg, S,; Jaly, S.; Pujol, C.; et al. In vitro
susceptibilities of Candida dubliniensis isolates tested against the
new triazole and echinocandin antifungal agents. J. Clin. Microbiol.,
37, 870, 1999.

Pinjon, E.; Moran, GP; Jackson, C.J.; Kelly, S.L.; Sanglard, D.; et
al. Molecular mechanisms of itraconazole resistance in Candida
dubliniensis. Antimicrob. Agents Chemother., 47, 2424, 2003.
Rodero, L.; Losso, M.; Canteros, C.; Hochenfellner, F.; Davel, G..
[Candida dubliniensis: 1st isolation in Argentina]. Rev. Argent.
Microbiol., 30, 39, 1998.

Sandven, P. Laboratory identification and sensitivity testing of yeast
isolates. Acta Odontol. Scand., 48, 27, 1990.

Sanglard, D.; Kuchler, K.; Ischer, F.; Pagani, J.L.; Monod, M.;
Bille, J. Mechanisms of resistance to azole antifungal agents in
Candida albicans isolates from AIDS patients involve specific
multidrug transporters. Antimicrob. Agents Chemother., 39, 2378,
1995.

Sano, A.; Vilela, M.M.; Takahashi, |.; Fukushima, K.; Takizawa, K.;
et al. Isolation of Candida dubliniensis from the oral cavity of an
HIV-positive child in Brazil. Nippon Ishinkin Gakkai Zasshi, 41,
177, 2000.



24.

25.

26.

Schorling, S.R.; Kortinga, H.C.; Froschb, M.; Muhlschlegel, F.A.
The role of Candida dubliniensis in oral candidiasis in human
immunodeficiency virus-infected individuals. Crit. Rev. Microbiol.,
26, 59, 2000.

Soll, D.R. High-frequency switching in Candida albicans. Clin.
Microbiol. Rev., 5, 183, 1992.

Sullivan, D.J.; Westerneng, T.J.; Haynes, K.A.; Bennett, D.E;
Coleman, D.C. Candida dubliniensis sp. nov.: phenotypic and
molecular characterization of a novel species associated with oral

27.

28.

29.

Candida dubliniensisin aBrazilian family

candidosis in HIV-infected individuals. Microbiology, 141 (Pt 7),
1507, 1995.

Sullivan S.; Coleman D. Candida dubliniensis: characteristics and
identification. J. Clin. Microbiol., 36, 1998.

Tsuchiya T. Serological characterization. Methods Microbiol., 16,
26, 1980.

Vilela, M.M.; Kamei, K.; Sano, A.; Tanaka, R.; Uno, J.; et al.
Pathogenicity and virulence of Candida dubliniensis: comparison
with C. albicans. Med. Mycol., 40, 249, 2002.

243




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


