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RESUMO




O presente estudo caracterizou a flora oral de Candida em 52 criangas infectadas pelo
HIV-1 em dois periodos, definidos como periodo I antes da introdu¢do de inibidores de
protease no esquema de terapia antiretroviral para HIV-1 e periodo II apds a introdugdo de
inibidores de protease. Comparou-se as espécies de Candida identificadas nos periodos I e

II.

Isolados do periodos I foram identificados e as criancas em sua maioria (80%) estavam
colonizadas por C. albicans. Reduc¢do no percentual de colonizacdo por C. albicans de 80%
para 52%, nos periodos I e II respectivamente, sugere mudanca na colonizacdo oral por
Candida ap6s a introdu¢do da terapéutica com inibidores de protease HIV (IP).
Destaca-se particularmente o aumento da incidéncia de isolados Nao-albicans (p=0.005)
no periodo II. No periodo I haviam 8 criangcas que estavam colonizadas por espécies
Nao-albicans e no periodo II haviam 20 criancas colonizadas com isolados Nao-albicans.
Investigou-se a prevaléncia de C. dubliniensis na familia de uma das criancas que estava
colonizada por esta levedura. Do total de 52 criancas 38.4% mostraram manifestacdo oral
associada a colonizagdo por Candida. Observou-se alta sensibilidade dos isolados aos
agentes antifiingicos testados, mas 4% dos isolados exibiram resisténcia ao fluconazol.
Documentou-se resisténcia cruzada entre agentes antifingicos em isolado de Candida
albicans em uma crianga infectada pelo HIV-1 ndo previamente exposta a azoles. Um
1solado de C. tropicalis mostrou baixa susceptibilidade ao fluconazol (MIC > 64 pug/ml) (1).
O presente estudo revelou mudanga significativa na colonizagdo oral por Candida em
criancas infectadas pelo HIV-1 sob terapia HAART (Highly Active Antiretroviral Therapy).
Houve alta diversidade de espécies de Candida, com emergéncia de espécies Nao-albicans

apos o uso de Inibidores de protease.

Resumo
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ABSTRACT




This study characterized the Candida oral flora from 52 Brazilian HIV 1-infected children,
comparing the Candida species identified in two periods before (PI) and under (PII) the
introduction of the HIV Protease Inhibitor therapy. The majority (80%) of the children from
the PI group were colonized by C. albicans. Children in the PII (52%) were colonized
by C. albicans and 28% of them carried on mixed colonization
(C. albicans and Non-albicans isolates). Therefore when we compared the periods I and II,
after the inhibitor protease usage there was an important decrease in the percentile of
colonization for C. albicans of 80% to 52%, suggesting an important change of the
Candida oral colonization after the HIV protease inhibitors introduction. Particularly with
increase of the Non-albicans isolates incidence (p=0.005) in the period II. In PI there were
8 children that were colonized by Non-albicans species and in the PII there were 20
children colonized with Non-albicans isolates. Rare Candida species were identified,
particularly we investigated the C. dubliniensis prevalence in a HIV-infected child’s family.
Of 52 children in this study 20 (38.4%) of them showed oral lesions associated to the

Candida colonization.

In spite of the high susceptibility of the isolates to the antifungal agents tested in this study,
4.4% (n=2) exhibited resistance to the fluconazole. One of the isolates was C. albicans
from a HIV-infected child not prior exposure to azoles, which showed antifungal
cross-resistance. One C. tropicalis isolate has shown low susceptibility to fluconazol
(MIC > 64 pg/ml). This study was succeeded in showing the inhibitory effect of ritonavir
on a single hyphae tip growth of C. albicans.

The present investigation revealed a significative change of the Candida oral colonization
in Brazilian HIV-infected children under HAART, high diversity of Candida species and

Non-albicans species emergence after [P usage.

Abstract
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O género Candida esta presente como flora natural sobre as mucosas de vérias
partes do trato gastrointestinal e vagina em 10%-50% dos individuos sadios. Em tal habitat
a C. albicans vive em balanco com outros membros da flora microbiana e existe como
colonizadora. A prevaléncia de colonizacao fingica da cavidade oral de individuos normais
diverge na literatura. Indices del8% a 60% sdao descritos, sendo a média de 40% (1).
A 1idade é o fator que mais influencia esta colonizagdo e as maiores taxas ocorrem em
criancas de 1 semana a 18 meses de idade. A colonizacdo neonatal inicial ocorre a partir de
vdrias origens incluindo: transmissdo no momento do nascimento, aleitamento materno,

maos de profissionais da satde e pessoas que manipulam o recém - nascido.

C. albicans pode ser detectada em pessoas sadias, persistir em pacientes sob
terapia com antibidticos e imunossupressores, submetidos a cirurgia de transplante,
tubacdo orotraqueal e naqueles com imunodeficiéncia celular e/ou neutropenia, como na
AIDS, onde € a mais representativa das micoses oportunistas (2-4). Cerca de 90%-95% das
pessoas infectadas pelo HIV-1 experimentam candidiase em mucosa oral e esdfago,
e apenas poucos desenvolvem candidiase sistémica. O mecanismo de “switch” de
C. albicans saproéfita em um portador saudédvel para a forma virulenta em pessoa infectada

pelo HIV-1 ndo estd totalmente esclarecido (5-10).

Imunidade adquirida para Candida albicans estd geralmente presente no
individuo adulto imunocompetente, como expressdo de hipersensibilidade retardada
positiva para o fungo e, supostamente, previne a colonizacdo da mucosa para a progressao
de infeccdo sintomdtica. Defeito da reatividade de hipersensibilidade retardada e niveis
elevados de IgE, IgA e IgG antigeno especifico sdo frequentemente observados em
individuos imunodeficientes, em pacientes com infec¢do persistente ou recurrente com a
levedura ou imunopatologia associada com ela. Estas observacdes questionam uma
regulacdo reciproca da imunidade humoral e mediada por célula para Candida albicans e
apresenta aspectos compativeis com o paradigma Th1/Th2 de imunidade adquirida para
patogenos (11, 12). Estudos em camundongos demonstraram que a evolucao da infec¢do
sist€émica e de mucosa com C. albicans depende, sobretudo, da subpopulacio de TCD4
predominante. Tem sido demonstrado que a protecdo se correlaciona com a do tipo Thl,

enquanto a resposta Th2 estd associada com patologia e exacerbacdo de doenca.
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Em camundongos uma variedade de fatores controla o desenvolvimento de células TCD4+
e a candidose. As citocinas parecem ter papel principal, agindo ndo apenas como
moduladores de fungdes efetoras antifingicas mas também, como chaves reguladoras no

desenvolvimento das diferentes subpopulagdes de Th a partir da célula precursora ThO.

A regulacdo do sistema imune em criancas infectadas pelo HIV-1, pode ser
demonstrada pela imunoglobulinemia precoce observada nestes pacientes, configurando um

padrdo Th2 de reposta e consequentemente maior susceptibilidade para Candida (13).

O desenvolvimento de resposta protetora Thl anti-Candida requer agdes
combinadas de varias citocinas tais como interferon-y, fator transformador de crescimento
TGF e IL12 na auséncia relativa de citocinas Th2, tais como IL-4 e IL10, as quais poderiam
inibir o desenvolvimento de resposta Thl. Contudo, em camundongos altamente
susceptiveis, a IL12 ndo exerce efeitos benéficos no curso da evolucdo de infeccodes
disseminadas e de mucosa. Além disso a administracdo de IL-4 ndo converteu a resposta

Thl j4 estabelecida para uma resposta Th2 e reducao de IL-4 exacerbou a infecc¢ao cronica.

Estes achados indicam a existéncia de circuitos imunoregulatorios complexos
subjacentes a atividade de citocinas em camundongos com candidose. Outros estudos em
camundongos geneticamente modificados revelaram a existéncia de um padrao hierdrquico
de regulacdo mediada por citocinas no desenvolvimento da funcdo efetora da célula Th
anti-Candida. No inicio da infec¢do, a producdo de algumas citocinas proinflamatorias
TNF, IL6 mais do que IL10, parece ser essencial no sucesso do controle da infeccio e
imunidade protetora Th1 dependente. Ambos, producio e resposta de IL-12 sdo necessarios
para desenvolver o padrdao Thl cuja ativacdo depende da presenca fisiologica de 1L-4 e
IL-10. Assim um balanco finamente regulado de citocinas, tais como I1L4, IL.10 e IL12 mais
do que a auséncia de citocinas opostas, parece ser necessario para o 6timo desenvolvimento

e manutencao da reatividade de Th1 em camundongo com candidose (14).

Por outro lado hd numerosos mecanismos pelos quais os fungos podem invadir
regular as defesas natural e adquirida do hospedeiro. Os fungos que causam doenca no
homem tendem a ter baixa viruléncia pois combinacdo de suas capacidades de subverter as

defesas do hospedeiro para estabelecer e perpetuar o processo de doenca. Perfeito
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entendimento destas complexas interagdes organismo/hospedeiro e seu impacto sobre a

evolucdo da doenca deve permitir melhor avaliagdo da condicdo individual do paciente e

selecdo de terapéutica apropriada.

Ha vérias sugestdes sobre os mecanismos que levam a falhas na imunidade de

mucosa. Alguns incluem a deficiéncia celular relacionada com a infec¢do pelo HIV-1 (15) e

outros discordam sugerindo que:

1-

A quantidade de leveduras de C. albicans aumenta no inicio da infec¢do pelo

HIV-1 sem qualquer correlagdo com as células TCD4+ (16);

C. albicans isolada de individuos infectados pelo HIV-1 mostra aumento da

viruléncia independente do estado imune do paciente (17);

os produtos do HIV promovem a sobrevida e replicacdo de C. albicans

devido a destrui¢do de células fagociticas (18);

3.1- gp160 e gp41, mas ndo gpl20, ligam-se ao receptor CR3 andlogo de
complemento sobre a C. albicans. Esta interacdo pode ser, em parte,

responsavel pela viruléncia alterada de C. albicans nestes pacientes

(19, 20);

3.2- gpl60 e ou gpl20 afetam intensamente a viabilidade de C. albicans,
sua habilidade de gerar hifas e sua atividade de fosfolipase (21, 22);

3.3- gpl60 ou gp41, mas ndo gpl20, aumenta a secrecdo e atividade da

familia aspartato proteinase (22);

3.4- gpl60 e ou gpl20 ndo afetam a fosfolipase extracelular ativa
(preditiva para mortalidade em modélo murino de candidose

disseminada (22, 23);

3.5- gp41 também aumenta a atividade de proteinase (22);
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3.6- Aspartato proteinase parece ser a isoenzima clinicamente mais
relevante, especialmente no caso de individuos infectados pelo HIV-1

(23);

3.7- C. albicans isolada de paciente infectado pelo HIV-1 tem maior
producdo de proteinase aspartato (24, 25) e a interac@o entre gpl160 ou

gp41 e C. albicans pode ser a causa (26);

3.8- gp160 ou gp 41 reduz a fagocitose por polimorfonuclear (PMN) de C.
albicans vidvel opsonizada, pré-tratada com as proteinas do envelope,

justificando o aumento de leveduras na saliva destes pacientes;

3.9- A interagdo de gpl60 ou gp4l com C. albicans pode também
desencadear a liberacdo de outros imunomoduladores, como produtos
inibitérios de hifas (candida hyphal inhibitory product) secretados por

C. albicans e inibir as fun¢des de PMN;

3.10- A ligagdo das proteinas do envelope do HIV-1 com C. albicans
aumenta a sua viruléncia e altera a interacao in vitro com as células do
hospedeiro. Estes efeitos parecem ser induzidos por gp41 e ndo por

gp120.

Alguns dos agentes causadores de micose sofrem transformacido morfoldgica de
suas formas saprofiticas de levedura-like para micélio (forma parasitica) no tecido do
hospedeiro. Este fendomeno de dimorfismo é um dos fatores mais importantes da

patogenicidade de alguns fungos.

Fagocitose de C. albicans por granuldcitos ocorre durante os estagios iniciais da
infeccdo e durante os estagios tardios a sua morte ocorre pela atividade de macréfagos.
Demonstrou-se que o camundongo nu/nu € mais susceptivel do que o nu/+, indicando que a
fagocitose tem relevante papel durante o inicio da infec¢do e a imunidade mediada por
célula durante a fase tardia. A defesa no camundongo nu/nu consiste principalmente de um

step, fagocitose por granuldcitos.
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Deste modo, € provavel que a candidose em individuos infectados pelo HIV-1
pode ser causada por vdrios fatores: interacdo direta entre as proteinas do envelope e
C. albicans; alteracdes nos mecanismos especificos e inespecificos de defesa do hospedeiro

e viruléncia das cepas.

Embora existam mais de 150 espécies correntemente listadas dentro do género
Candida (28). C. albicans € a mais associada com doenca humana. Contudo, nos ultimos
anos a incidéncia de infec¢Oes causada por outras espécies, incluindo C. tropicalis,
C. glabrata, C. parapsilosis, C. krusei e C. lusitaniae, tem sido relatado com alta
frequéncia (28-31). Devido a sua menor susceptibilidade aos antifiingicos, estas espécies
estdo mais associadas aos casos recurrentes de doenca (32). As espécies identificadas como
patogénicas para o homem inclui: C. albicans, C. stellatoidea, C tropicalis, C parapsilosis,

C krusei, C pseudotropicalis, C. glabrata e mais recentemente C. dubliniensis (33, 34).

Candida dubliniensis expressa niveis significantemente mais altos de atividade
de proteinase e possui maior capacidade de aderir as células epiteliais da boca comparadas
aos 1solados de C. albicans tipica. Em certos aspectos, a candida atipica pode ter maior
viruléncia quando comparada as cepas classicas de C. albicans (35).
No entanto demonstramos recentemente que a Candida dubliniensis tem menor viruléncia

do que C. albicans (36).
Apresentacio clinica da Candidose

Odds (1984) (37) classificou os fatores predisponentes para a infec¢do por

Candida em:

a- naturais: outras infeccdes, diabetes e outras endocrinopatias,
imunodeficiéncias congénitas ou adquiridas de fagdcitos, malignidades como leucemias e
linfomas, alteracdes do estado fisiolégico como infincia, gravidez, idade avancada;
dietas ricas em carboidratos e pobres em vitaminas; b- mecanicos: préteses dentdrias;
c- iatrogénicos: uso de contraceptivos hormonais, antibidticos, corticoides e outros

imunossupressores .

A candidose oral ocorre de forma: Aguda, cuja apresentacdo ¢

pseudomembranosa e atréfica e Cronica atréfica, hiperpldsica e mucocutanea (1, 38).
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A candidose pseudomembranosa é a mais comum, principalmente em criangas,
1dosos e pacientes com doengas terminais. Com frequéncia estd associada a diabetes
melitus, leucemia e AIDS e se apresenta como placas esbranquicadas que, ao serem

removidas, expdem drea eritematosa e, algumas vezes, sangram.

A candidose atréfica aguda caracteriza-se pela presenca de eritema e dor em
queimacgdo e a atrOfica cronica pela mucosite eritematosa e queilite angular, as vézes
assintomdtica, comumente associada (60%) aos usudrios de proteses dentdrias, com

predominancia no sexo feminino.

Candidose hiperpldstica cronica é uma variacdo da candidose oral, mais
frequente em tabagistas, e ndo raro acompanha-se de atipia epitelial ou degeneracdo

maligna do tecido.

Candidose mucocutanea ¢ marcada pela presenca de lesdes superficiais
multifocais, associa-se com poliendocrinopatias e deficiéncias de imunidade celular.
Nas criangas , a maioria dos casos ocorre antes dos 3 anos de idade como candidose oral
recorrente, em algumas antes dos 6 meses e outros apenas na adolescéncia. Com a AIDS,

houve um aumento significativo dos casos em adultos jovens.

Entretanto, apesar do aumento de casos de candidose superficial,
ainda sd@o poucos os relatos de candidose sist€émica neste grupo de pacientes.
Geralmente quando ha candidemia, tal complicacdo ocorre em doentes terminais

hospitalizados por longos periodos com outros fatores de risco para esta micose.
Candidose em criancas

Candidose de orofaringe entre lactentes imunocompetentes pode ser
considerado um evento normal. Candida é adquirida inicialmente na passagem pelo canal
de parto e no aleitamento materno, podendo ser recuperada da orofaringe no primeiro dia
de vida. A colonizacdo aumenta gradualmente nas semanas seguintes de tal modo que mais
de 80% dos lactentes estd colonizado com 4 semanas de idade. Contudo os sintomas podem
se desenvolver em poucos dias e, na crianga imunocompetente € frequentemente trativel.

Dermatite de fraldas pode permanecer durante a infincia mas, candidiase oral na auséncia
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de fatores como antibidticoterapia, raramente € encontrada apds os 6 meses de vida.
A candidose neonatal sist€mica ocorre mais frequentemente em recém - nascido de baixo
peso e cuja colonizagdo pode ser o canal de parto ou as maos de funciondrios e uso de

nutricao parenteral.

Candidose oral ocorre em pelo menos 15-40% das criancas com diagndstico de
infeccao pelo HIV-1 no primeiro ano de vida (7). O defeito imunoldgico central é na
imunidade mediada por célula explicando o elevado risco de candidiase em mucosa,
criptococose, histoplasmose e coccidioidomicose (11). Alteragdes das funcdes das células T
CD4+ em criancas infectadas com HIV-1 estdo correlacionadas com um risco aumentado
de infeccdes oportunistas, incluindo candidiase esofdgica e orofaringea persistentes.
Enquanto a candidiase mucocutinea € comum em criancas infectadas pelo HIV-1,
a candidiase disseminada € um evento incomum na historia natural desta infec¢do, a menos

que haja fator de risco como uso de catéter endovenoso (15).

A infec¢do oportunista mais grave é a pneumonia flingica que ocorre em 30% a
50% das criancas infectadas. Outras frequentes sdao candidose oral recorrente,

herpes zooster, tuberculose, porém em indices menores aos observados em adultos.

No Brasil, a candidose oral € a infeccao mais frequente, associada a AIDS em
menores de 13 anos (9,0%), no momento da notificacdo, seguida pela febre prolongada
(7,8%), tuberculose (2,3%), aumento cronico de pardtida (2,0%), herpes zooster (0,9%),
miocardiopatia (0,8%), hepato e ou esplenomegalia (9,2%) (42).

Agentes Antifiingicos

A emergéncia de outras espécies de Candida nao-albicans, como patdgenos
oportunistas que sao mais resistentes a agentes antifingicos do que a C. albicans, tornou-se
importante problema clinico em medicina (43). Desde 1989, fluconazol tem sido usado em
larga escala na profilaxia e tratamento de candidose orofaringea em pacientes com AIDS
(44). C. glabrata freqiientemente é menos susceptivel ao fluconazol que as demais espécies
de Candida. C. krusei é frequentemente associada a infec¢cdes com alta taxa de mortalidade

e sua resisténcia ao fluconazol parece ser inerente (43). Portanto € de extrema importancia
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o diagnoéstico fidedigno e rdpido, com técnicas laboratoriais simples e de custo aceitavel na

rotina de microbiologia clinica, permitindo assim a adaptacao da terap€utica antifingica.

O aumento da frequéncia de infecc¢des flingicas intensificou a selecdo de novos
agentes no combate a infec¢des graves, mais seguros e eficazes. A aprovacdo dos primeiros
agentes antifiingicos no fim dos anos oitenta foi o mais importante avango no tratamento de

infeccoes fungicas sistémicas desde a descoberta dos mesmos (43).

A ocorréncia de espécies de Candida nao-albicans em pacientes com AIDS
varia entre 14% e 35% com predominio da C. krusei, C. glabrata e C. tropicalis (45, 46).
O uso de compostos azdlicos na terapia destes pacientes tem gerado uma pressao seletiva
levando ao aumento da prevaléncia de colonizacdo e infeccdo por leveduras diferentes de

C. albicans, sobretudo C. krusei e C. glabrata (32).

O estudo de resisténcia a agentes antifiingicos estd defasado em relagcdo aos
estudos sobre resisténcia a antibidticos. Entre 1950 e 1970, a taxa anual de mortes por
candidose ficou estdvel (43). Entretanto, desde 1970 esta taxa tem aumentado
significativamente em associagdo com as varias mudancas na clinica médica, incluindo o
uso difundido de terapias imunossupressoras, uso indiscriminado de agentes antibacterianos
de largo espectro e o advento da AIDS. A importancia das infeccdes por Candida na
infec¢do por HIV-1, a crescente propor¢do de espécies ndo-C. albicans envolvidas (45, 47)
e a variacdo de susceptibilidade aos antiftingicos (32), exigem identificagdo acurada dos

isolados clinicos e avaliac@o da susceptibilidade ou resisténcia aos antifingicos.
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Manuscrito 1 - “Follow up Study - Oral Candida Flora from Brazilian HIV
1-Infected Children in the HAART Era”. (em preparagio)

Objetivo: Caracterizagdo das espécies de Candida, na flora oral de criangas
infectadas pelo HIV-1, identificadas antes e apds a introdugdo da terapéutica com inibidores

de protease.

Manuscrito 2 - ‘“Antifungal Cross-resistance in an Oral Candida Isolate

from a Pediatric Patient”. (submetido, FEMSYR ref. 05050088).

Objetivo: Documentou resisténcia cruzada entre agentes antifingicos em
isolado de Candida albicans em uma crianca infectada pelo HIV-1 ndo previamente

exposta a azoles. Os possiveis mecanismos de resisténcia envolvidos foram descritos.

Manuscrito 3 -“Candida dubliniensis in a Brazilian family with an HI'V-1
infected child: Identification, antifungal susceptibility, drug accumulation and sterol

composition”. (aceito para publicacdo, Brazilian Journal of Microbiology ref. 009/06).

Objetivo: Investigou-se a prevaléncia de C. dubliniensis em uma familia
brasileira com uma crianga infectada pelo HIV-1. Estudou-se os aspectos genéticos e

fenotipicos dos isolados de C. dubliniensis obtidos neste estudo.

Manuscrito 4 - “HIV-1 Anti-retroviral Drug Effect on the Growth Rate of
C. albicans Single Hyphal by a Bio-Cell Tracer System”. (aceito para publicacdo,
Brazilian Journal of Microbiology, ref. 178/05).

Objetivo: Estudou-se o efeito de um inibidor de protease HIV no crescimento

de hifas de C. albicans através do sistema bio-cell tracer.
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Abstract

This study characterized the Candida oral flora from 52 Brazilian HIV 1-infected children,
comparing the Candida species identified in two periods before (PI) and under the HIV
Protease Inhibitor therapy (PII). There was a significant increase of non-albicans isolates
from 9.6% to 28.8% (p=0.005) between PI and PII groups respectively. In the PII the
second most frequent species was C. tropicalis (n=9) followed by C. parapsilosis (n=8).
Rare species found in the PII included C. dubliniensis, C. norvegensis, C. humicula and
C. rugosa. The majority of the isolates investigated were susceptible to amphotericin B.
C. albicans (n=22) and non-albicans (n=23) isolates were susceptible to fluconazole,
voriconazole, itraconazole and ketoconazole. However one C. ftropicalis isolate was
resistant to fluconazole (MIC > 64 pl/ml) and one C. albicans-B isolate showed
cross-resistance to all azoles and amphotericin tested. This study represents the first follow
up investigation concerning oral Candida flora and antifungal susceptibility in Brazilian

HIV 1-infected children.
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Introduction

The prevalence of systemic fungal infections has increased significantly during
the past decade. This increase has been attributed to wider use of broad-spectrum
antibiotics, immunosuppressive agents, hyperalimentation products and central venous
catheters, intensive care of low birth weight infants, organ transplantation, and the acquired
immunodeficiency syndrome (AIDS) epidemic (48). Candidosis is the most frequent fungal
infection in immunocompromised patients, accounting for up to 80% of fungal infections in
these patients. Systemic Candidosis has been reported to occur in up to 10% of infants
weighing <1 kg (49). Unlike the other opportunistic fungi, Candida species are part of the
human endogenous microbial flora. They have been isolated from oropharynx of 20% to
50% of healthy humans and from the gastrointestinal tract of about 60% (50).
Host defences against Candida infection are complex and involve cellular and humoral
factors. Disruptions of the mucocutaneous barrier can facilitate local infection.
Therefore intravascular catheters and chemotherapy-induced mucositis can predispose the
patient to candidal infection. CD4 lymphocytes seems to be a major defence mechanism
against superficial infection. AIDS patients with low CD4 lymphocyte counts are therefore
especially susceptible to Candida infections (51, 52). The majority of Candida infections
are caused by Candida albicans although, recently an increasing number of infections have
being associated with other Candida species (31, 46, 53-55). Non-albicans species
accounted for 3.4% of oropharyngeal isolates during the late 1980's compared to 16.8% of
isolates during 1990’s (56). In Brazil, non-albicans isolates accounted for 42.3% of isolates

in a previous study with HIV-infected adults (46).

Up to 35% of AIDS patients may have infections caused by non-albicans
species (57-59) and some of these changes in Candida species prevalence have been
associated with use of antiretroviral agents (60-62), antibiotics (45) and antifungal agents
(45, 63-65). The frequency of resistant strains to antifungal agents is increasing and is

related to increased Candida variability (48, 54, 66).

In 1995, antiretroviral combination therapy was demonstrated to be more
effective than monotherapy in halting disease progression and reducing mortality in AIDS
patients (60-62). Recent evidence has indicated a reduction in oral Candidosis amongst

HIV-infected patients after the introduction of anti-HIV drugs such as protease inhibitors
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(PI) (62, 67-69). Secreted aspartic protease is an important virulence factor of Candida
albicans, and it is from the same class of aspartic protease of HIV (67, 70-72). In addition
to the expected immunorestoration, patients on protease inhibitor therapy may also benefit

from the direct antifungal activity of these drugs.

The aim of this study was to characterize the oral Candida species present in
HIV-infected children under HIV antiretroviral combination therapy HAART

(highly active antiretroviral therapy) including protease inhibitor.

Materials and Methods

Collection of isolates: Isolates of oral cavities from 52 HIV-infected children
were investigated in two different periods. The children, who acquired HIV vertically,
were being monitored at the Pediatric Immunodeficiency Outpatient Service of the
Campinas State University. Informed consent was obtained for all patients. Oral swabs
were collected from these 52 children during 1998-1999s period when they were under
double antiretroviral therapy (period I, PI), and during 1999-2002s when they started
HAART including protease inhibitor (period II, PII). Thirty children were male and 22
female. The age varied from 3 to 15 years old, 5 + 3 (median + SD years). HIV disease
classification for children, according to clinical and immunologic category (73),
are presented in the Table 1. All oral swabs were plated on chromogenic agar
(CHROMagar® - France) (74) and incubated at 30°C for 48 hours to characterize the
Candida isolates. Cultures were routinely inoculated from single colonies. The isolates

were grown at 30°C on potato dextrose agar and stored according to Sandven (75).

Oral manifestation: Oral lesions associated with HIV disease were classified
according to EC-Clearing House criteria, adapted from Pindborg and Axell et al (4,5) and
Ramos-Gomez et al. (76-78).

Characterization of isolates: The isolates were identified according to the
standard technique described by Sandven (75). Isolates were cultured on corn meal agar
(Difco, USA), supplemented with 1% Tween 80, at 25°C for 7 days for chlamydospore

formation. Germ tube formation was performed in calf serum (Gibco BR, USA) at 37°C for
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2 to 4 h. Additionally the isolates were serotyped using the Candida Check kit®
(Iatron laboratories, Inc., Japan) and ID32C® profiled (bioMerieux, Marcy 1’Etoile,
France). The temperature test was also used to distinguish C. albicans from C. dubliniensis
by its differential growth at 45°C. Confirmation of C. dubliniensis isolates was performed

by molecular biotyping (34).

Antifungal susceptibility test: MICs were determined by broth microdilution
method of National Committee for Clinical Laboratory Standards (NCCLS 2002) (79).
Antifungal agents included amphotericine B (AMPH) (Bristol-Myers Squibb,UK),
fluconazole  (FLCZ) (Pfizer ~ Pharm. Inc. Japan), miconazole MCZ)
(Mochida Pharm. Inc. Japan), ketoconazole (KTZ) (Sigma, St. Louis, USA),
and itraconazole (ITCZ) (Janssen-Kyowa Co., Ltd., Japan). Antifungal reagent-grade
powders were dissolved in dimethyl sulfoxide solvent (DMSO) to obtain stock solutions of
12.8 mg/ml. A 10-fold serial dilution was performed in RPMI-1640 medium to provide a
working solution for each drug giving final concentration ranges of 0.03 to 16 pug/ml for
AMPH B, 0.125 to 64 pg/ml for FLCZ, 0.06 to 32 pg/ml for MCZ, 0.06 to 32 pg/ml for
KCZ and 0.015 to 8 pg/ml ITCZ. Antifungal agents were serially diluted in 96-well
microtiter plates (Falcon, Lincoln Park, N J, USA). The isolates were subcultured onto
PDA slants at 30°C for 24 hours. Cell suspensions were prepared in RPMI-1640 medium
and were adjusted to give a final concentration approximately 2.5 x 103 cells/ml.
The microdilution plates were incubated at 30°C and the minimal inhibitory concentration
(MICgp) were determined visually at 24 and 48 hours. MIC was defined as the lowest
concentration of antifungal agent at which 80% inhibition of growth (MICsp) compared
with that of the growth control well. C. albicans ATCC 90028 and ATCC 90029 were used
in each microdilution set as internal control. Chi-Square test and Fisher’s exact test were
applied considering significant differences if p < 0.05. Breakpoints for antifungal

susceptibility have been established for Candida isolates tested according to NCCLS.

Statistical analysis of the oral flora changes before and during the use of
HAART including protease inhibitor was performed using Mann-Whitney test.
The association amongst the variables studied was verified by Fisher exact test at 5%

significant level.
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Results

The oral flora of the HIV-infected children were examined prior to and during
HAART including protease inhibitor treatment. The study involved 52 patients,
the majority of which (90%) were categorized according to the standard clinical disease
classification (CDC) as belonging to groups 2 and 3 (Table 1). The majority of the
HIV-infected children in the PI group (90%) were colonized by C. albicans, with only 2
patients non-colonization with Candida, whilst in the PII were 80% colonized by
C. albicans (Table 2). The prevalence of multiple Candida colonization was higher in
HIV-infected children from PII, with 28% of patients being colonized by both C. albicans
and a non-albicans species, than in PI patients (10%), (p = 0.005) (Table 2). In PI group,
there were 8 patients carrying non-albicans isolates compared to 20 patients in PII.
Therefore there was an increase of the non-albicans carriers after introduction of the
HAART. Forty-two children from PI group had C. albicans isolates prior to protease
inhibitor treatment, 27 of which remained C. albicans carriers even after protease inhibitor
treatment. However 15 children became non-albicans carriers after the protease inhibitor
treatment. Prior to protease inhibitor treatment, 8 HIV infected children were non-albicans
carriers. After protease inhibitor treatment, 3 children were no longer carriers and 5

children remained carriers for non- albicans species.

Analysis of the serotypes of the C. albicans isolates found that C. albicans
serotype-A was the most common with 48 patients (78%) in PI, which was reduced to 45%
in PII. C. albicans serotype-A was the most frequent species isolated
(p=0.005 McNemar test). Before protease inhibitor treatment there were 48 HIV-infected
children colonized with Candida albicans-A. After protease inhibitor treatment, this was
reduced to 37 children corresponding to a decrease in prevalence from 92% to 71%.
Twelve Candida species were identified in the PII group compared with 5 Candida species
in PI group (Table 6). The second most frequent species isolated in Group PII was the
C. tropicalis (n=9, 11%) followed by C. parapsilosis (n=8, 10%). C. dubliniensis isolates

were low in prevalence (1.2%) (Table 3).

Oral lesions were evaluated only on PII group (Table 4). Twenty out of 52
(38%) in PII children examinated showed oral lesions associated with Candida

colonization, 28 (54%) did not show oral lesions, and from these latter group,
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19 were Candida carriers. Only 4 children showed oral non-Candida associated lesions,
although three of them were carriers. Amongst HIV-infected children which did not show
oral manifestation, 57% (n=16) carried C. albicans-A compared with 90% (n=18) of
patients with visible oral candidosis (p = 0.033, Fisher test). In the group showing no oral
manifestation, 29% were colonized with C. albicans and 9% with non-albicans species
(Table 4). Amongst the children with oral candidosis, 17% were colonized with C. albicans
and 21% were multiple carriers. C. albicans colonization showed similar percentage values
for both groups PI and PII. However, to non-albicans colonization increased from 4% to
21% between groups PI and PII, particularly in the category 3 patients (Table 5).
Candidosis  was  significantly  associated to  immunological category 3
(p=0.05, Fisher exact test) (Table 6). The oral lesions presented by the patients were
erythematous candidosis (n=9), angular cheilitis (n=4), hairy leukoplakia (n=3),

linear erythematous gingivitis (n=2) and pseudomembranous candidosis (n=2).

Analysis of the immunomarkers in the group studied is shown in Table 7.
Low values for immunomarkers showed significant results for oral candidosis.
Association between oral candidosis and HIV load and CD4 were statistically significative
by Mann-Whitney test, (p= 0.05) and (p= 0.03) respectively. Two out of the 9 C. tropicalis

strains were identified as belonging to the immunological category 1 (p = 0.04, Fisher Test).

The majority of the isolates were susceptible to all antifungal agents tested
(Table 8). However one C. albicans-B isolate showed low sensitivity to azoles and
amphotericin B. Non-albicans isolates showed broad range for antifungal susceptibility.
Amongst non-albicans isolates in the group PII C. norvegensis (n=1), C. tropicalis (n=1),

C. krusei and C. valida (n=1) were azole-resistant.
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Table 1 - Distribution of 52 HIV-infected children by Clinical and Immunological category
according to CDC 1994

Category* N (%)
1 5(9.6)
2 23 (44.2)
3 24 (46.1)

*] category = CD4 count without alteration; 2 = CD4 count < 25%, and 3 = CD4 count < 15%

Table 2 - Candida oral colonization in the groups PI and PII (n=52)

Species PI PII

n % n %

Single C. albicans 42 80 27 51,9
Single non- C. albicans 03 5,7 05 9,6
Multiple carriers 05 9,6 15 28,8
Non-colonization 02 3,8 05 9,6
Total 52 99,1 52 99,9
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Table 3 - Yeast isolates from HIV-infected children identified in PI and PII.

Species PI (%) PI (%)
C. albicans-A 48 (79) 37 (45.5)
C. albicans-B - 10 (12.3)
C. tropicalis 4 (6.6) 9(11)
C. parapsilosis 3(5) 8 (10)
C. dubliniensis 1(1.5) 1(1.2)
C. holmii - 1(1.2)
C. humicula - 2(2.5)
C. norvegensis - 2(2.5)
C. rugosa - 1(1.2)
C. sake 1(1.5) -
C. valida - 1(1.2)
C. pechellsii - 3.7
Rhodotorula - 1(1.2)
S. cerevisae - 1(1.2)
Candida spp 4 (6.6) 4(4.9)
C. albicans 48 (78.5) 47 (58)
non-albicans 13 (21.3) 34 (42)

Table 4 - Association between oral manifestation and Candida species colonization in the

group PIIL.
Oral C. albicans Non-albicans Multiple* Negative**
manifestation n (%) n (%) n (%) n (%)
Absent 15 (28.8) 5(9.6) 4 (7.6) 4 (7.6)
Candidosis 9(17.3) - 11 (21.1) -
Others 3(5.7) - - 1(1.9)
Total 27 (51.9) 5(9.6) 15 (28.8) 5(9.6)

*Multiple= C. albicans e Non-albicans colonization

**Negative=not colonized for Candida species
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Table 5§ - Correlation between immunological category and Candida species identified in

the PI and PII groups.
Immunological category C. albicans Non- albicans
PI PII PI PII
n (%) n (%) n (%) n (%)
1 5(9.6) 3(5.7) 1(1.9) 2(3.8)
2 21 (40.3) 18 (34.6) 5(9.6) 7(13.4)
3 21 (40.3) 21 (40.3) 2(3.8) 11 (21.1)
Total 47 (90.3) 42 (80.7) 8 (15.3) 20 (38.4)

Table 6 - Correlation between oral manifestation and immunological category, in Group II

(p=0.05, Fisher exact test).

Oral manifestation Immunological category
1 (%) 2 (%) 3 (%)
Absent 3.7 14 (26.9) 11 (21.1)
Candidosis 0(0.0) 8 (15.3) 12 (23.0)
Others 2 (3.89) 1(1.9) 1(1.9)
Total 5(9.6) 23 (44.2) 24 (46.1)

Table 7 - Correlation between oral manifestations associated to HIV-infection and

immunomarkers (HIV viral load copies /ml, CD4 and CDS cells/ml).

Oral n Viral load” CD4® CDS8
Manifestation Min/ Md / Max*** Min/Md/Max Min/Md/Max
Absent 27 0/14000/1700000 104/861/1870 678/1260/2500
Candidosis 18 3600/52500/330000 76/451/1426 202/1165/2000
Others 3 7000/30000/42000 308/1070/1773 -/1315/-

Mann-Whitney test (p= 0.05)* and (p= 0.03)b, ***Minimum/Median/Maximum
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Table 8 - Antifungal susceptibility of Candida spp.

Species MIC;, range
n AMPH FLCZ ITCZ KTC MCZ
C. albicans-A 17 2-1 2-0.25 1-0.125 1-0.03 32-05
C. albicans-B 6 8-2 64 -0.125 8-0.25 4-0.03 32-05
C. tropicalis 7 1-0.03 64 -0.25 8-0.125 8-0.03 32-2
C. parapsilosis 7 2 2-0.25 2-0.125 0.5-0.03 32-8
C. dubliniensis 1 2 0.5 1 0.03 2
C. kefyr 2 2 4-05 0.5-0.125 0.125 2-1
C. pechellsii 3 2 2-0.25 2-1 1-0.125 32-2
C. stellatoidea 1 2 4 0.125 0.03 1
C. holmii 1 2 4 1 0.06 4
C. valida 1 2 64 2 2 32
C. norvegensis 1 2 32 2 1 16
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Discussion

The frequency of oropharyngeal and oroesophageal candidosis has increased
dramatically during the past two decades, primarily due to the HIV epidemic.
The majority of infections are caused by Candida albicans, but recently an increasing
number are related to other Candida species (80, 81). According to surveillance studies,
nosocomial candidemia now is the fourth most common cause of all hospital-acquired
bloodstream infections (82). In a study conducted by Pfaller et al. (2002) (83) was reported
that non-albicans species accounted for 46% of all Candida bloodstream infections.
Non-albicans species cause 35-65% of all candidemias in general patient population, but
they are less common in children or HIV infected patients (0-33%) (48). Mortality due to

non-albicans species is similar to C. albicans, ranging from 15% to 30% (48).

This study characterized the influence of HIV Protease Inhibitor therapy on the
oral Candida flora isolated from HIV-infected children (n=52), comparing the identified
yeast species before the IP using (GI) and during the IP therapy (GII) in HIV-infected
children. There was a statistically significant increase in the incidence of non-albicans
isolates in group PII relative to PI group (p=0.005 McNemar test). Interestingly 15 children
became non-albicans carriers after the protease inhibitor treatment. Howerver 3 children
were no longer carriers and 5 children remained carriers for non- albicans species.
This result suggests an important increase of non-albicans colonization prevalence in the
children after the introduction of protease inhibitor treatment. The higher diversity of the
Candida species after the introduction of protease inhibitor treatment also has been
observed (Table 6). The second most frequent species isolated was C. tropicalis
(n=9, 17.3%) followed by C. parapsilosis (n=8, 15.4%). In contrast Sugizaki et al. (84)
reported C. parapsilosis was the second non-albicans species most frequent. The lowest
mortality has been associated to C. parapsilosis (48). In this study 2 C. tropicalis isolates
were in the immunological category 1 (p=0.04, Fisher test). C. tropicalis is one of the most
virulent pathogenic Candida species (48, 85), therefore the presence of C. tropicalis in
HIV-infected children, even in the early HIV disease stages should be monitored.
Surprisingly, there were no C. glabrata strains isolated, which has previously been shown

to be a commonly isolated species (48, 57, 86). The prevalence of C. dubliniensis was low
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2% when compared with that typically found in Europe (14%) (87). In pediatric cancer
patients the non-albicans is the most common cause of candidemia (88). Mullen et al.
reported that C. tropicalis was the second species most frequent (89). Candida is currently
recognized as a major cause of mortality and morbidity in neonatal intensive care

units (90).

The prevalence of oral lesions in HIV patients is widely varied in the literature
and, depends on the clinical stage of the patient, risk behavior and other factors like
education, race, social and economic class and access to health care (91-93). Oropharyngeal
candidosis is the most frequent fungal infection in children and adolescents infected with
HIV (94, 95). Its clinical manifestations can range from isolated, asymptomatic mucosal
plaques to full involvement of the oropharynx and painful mucositis. Oral candidosis may
lead to impaired food and fluid intake, weight loss, and dehydration, particularly in infants
and young children (95). Although the recovery of immune system that follows HAART
use is believed to be the major factor for declining rates of orapharyngeal candidosis, other
mechanisms seem to play an essential role as well (16, 53). Recent studies showed that
some protease inhibitors can interfere with Candida infection by inhibiting the fungal
secretory aspartyl proteinases that play a pathogenic role in mucosal invasion (25, 61).
In addition, different species of Candida show variation on the secretion of aspartyl
proteinases patterns (96, 97). In this study, all patients had yeast colonization in the oral
cavity, a high prevalence when compared with the healthy population or even non-HIV,
commonly 40% to 60% quote. The oral examination was performed only on the PII group.
Oral candidosis was found in 38% (n=20) of the patients (Table 4), a similar prevalence to
that reported by Ramos-Gomez (43%) (78), and Frezzini et al. (22-83%) (93). From the 52
HIV-infected children in this study, 20 (38%) showed oral manifestations associated with
Candida colonization (Erythematous, psedomembranous candidosis or cheilites angular),
and 28 (53.8%) presented with no visible signs of infection, although 19 of these children
were Candida carriers. Psedomembranous candidosis seems to be the most prevalent form
in children however erythematous form was the most prevalent (n=9) in this study. Similar
results were described previously (98). Only 4 children showed oral lesions not associated
with Candida infection, although with 3 of these children were Candida carriers. Sixteen

(57%) out of children who had no Candida associated lesions carried Candida albicans-A.

Capitulos
63



And eighteen (90%) out of HIV-infected children with oral candidosis, were Candida
albicans-A carriers (p=0.033, Fisher test). Therefore, Candida albicans-A should be
monitored as a preventive measure against the development of oral lesions. Amongst non-
albicans isolates, 21% were associated with candidosis. The prevalence of oral candidosis
was found to be significantly associated with both HIV load and CD4 cell count, a feature

already reported (99-101).

Although the susceptibility of Candida to the currently available antifungal
agents can be predicted if the species of the infecting isolate is known (68, 79, 102, 103),
individual isolates do not necessarily follow the general pattern. The majority of the isolates
were susceptible to all antifungal agents tested (Table 8). However one isolate of
C. albicans-B showed low sensitivity to fluconazole and amphotericin B. Non-albicans
isolates showed broad range for the antifungal susceptibility. In contrast with previous
study that reported resistance in 75% C. krusei, 35% C. glabrata, 10-25% of C. tropicalis
and C. lusitaniae isolates (48). Assessment of clinical efficacy in patients with
oropharyngeal and esophageal candidosis may be confounded by variations in
host-response, adherence with antifungal therapy recomendations, usage of concomitant
antifungal agents, different antiretroviral regimens, and selective effects of antibiotics
administered for concomitant bacterial infections. Despite the high susceptibility to azoles
exhibited by the isolates in this study, we found 4.4% (n=2) of the strains exhibiting
resistance to fluconazole. Most of the isolates in this investigation were susceptible to
amphotericin B. Whilst most Candida isolates remain susceptible to amphotericin B,
recent data suggest that some isolates of C. glabrata and C. krusei may require maximal
doses of amphotericin B (102) to be effective in eliminating the infection.
Most of C. albicans-A isolates were susceptible against the azoles tested with the exception
of miconazole, with 9 C. albicans-A strains showing resistance against to miconazole.
Amongst C. albicans-B isolates (n=6) one isolate showed cross-resistance to all azoles
tested. The occurrence of azole cross-resistance in clinical C. albicans isolates has been
demonstrated in HIV-infected adults suffering recurrent oropharyngeal candidosis (104).
However, so far few studies have focused on the clinical significance of azole-resistance in
pediatric patients. This work shows the emergence of cross-resistance to antifungal azoles

in pediatric patients, including azoles not previously used in children.
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Amongst non-albicans isolates the susceptibility test against azoles indicated
that most of isolates were susceptible to the antifungal drugs tested with low and narrow
MIC range. However, among C. tropicalis isolates (n=7) one isolate was resistant to FLCZ
(MIC > 64 pl/ml), one isolate was resistant to ITCZ and KTZ simultaneously, and 2 isolates
were resistant to MCZ (MIC > 32 ul/ml). Only one C. parapsilosis isolate showed low
susceptibility to MCZ (MIC > 32 ul/ml) and 3 other isolates were susceptible-dose
dependent (S-DD). In terms of virulence and pathogenicity, some non-albicans species
appear to exhibit lower virulence in animal models, yet behave with equal or greater
virulence in man, when comparison is made with C. albicans. Mortality due to
non-albicans species is similar to C. albicans, ranging from 15% to 35% (48).
However, there are differences in both overall and attributable mortality among Candida
species. The lowest mortality is associated with C. parapsilosis and the highest
with C. tropicalis and C. glabrata (40-70%). Mortality caused by non-albicans species
appears to be highest in ITU and surgical patients, although this is somewhat lower in
cancer patients, children and HIV-infected patients. Antifungal susceptibility of
non-albicans species varies significantly in contrast to C. albicans. Some non-albicans
species are inherently or secondarily resistant to fluconazole; for example, 75% of C. krusei
isolates, 35% of C. glabrata and 10-25% of C. tropicalis and C. lusitaniae isolates (48).
Therefore, species directed therapy should be administered for fungaemia according to the
species identified. The rare Candida species isolated in this study were susceptible to the
antifungal agents tested, although the MIC value obtained show significant variability for
the non-albicans species. An epidemiology study in Brazil by Colombo et al. (1999) (80)
demonstrated that nosocomial candidemias in tertiary hospitals were caused predominantly
by non-albicans species, which were rarely fluconazole resistant. In another Brazilian study
with HIV-infected adults, C. albicans-A isolates were found to be susceptible to
fluconazole, itraconazole and ketoconazole (87). These findings underline the importance
of standardized susceptibility testing of non-albicans species and the development of

alternative treatment strategies in pediatric patients.

Differences in Candida species prevalence may also have therapeutic
implications because less susceptible to fluconazole in species such C. krusei, C. glabrata

and C. tropicalis are less frequent in children. The higher diversity species was found in
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group PII, including emergence of non-albicans species with varied antifungal
susceptibility, which suggests a change of Candida prevalence after of the inhibitor
protease treatment in HIV-infected children. These results can help to understand the
natural history of HIV infection in the children and compromising their immunological
state in the HAART era. Our study represents the first follow up investigation concerning

oral Candida flora and antifungal susceptibility in Brazilian HIV-infected children.
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Abstract

The objective of this study was to characterise the growth and susceptibility of a Candida
albicans strain to a range of antifungal drugs and investigate its mechanism of resistance.
An oral Candida isolate from a child showed high values of MICgps for amphotericin B
(8 pg/ml), fluconazole (> 64 pg/ml), miconazole (> 32 ug/ml), ketoconazole (> 16 pg/ml)
and itraconazole (> 8 pg/ml). At a concentration of 64 pg/ml, voriconazole and fluconazole
caused 85% and 65% inhibition of specific growth rate, respectively. Ritonavir at
concentration of 4 pg/ml caused 39% inhibition in the growth rate of the clinical strain.
Amphotericin B at 16 pg/ml inhibited 72% growth. Cross-resistance to antifungal azoles
and amphotericin, in Candida albicans isolate from pediatric patients can therefore occur
including azoles not previously used in children. The azole and polyene cross-resistance
was not related to a defect of sterol metabolism and indicates new mechanisms of resistance

are present in the clinical isolates.

Keywords: HIV1-infected children, Candida, cross-resistance, azoles
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1 - Introduction

The relevance of Candida spp. as etiologic agents of Candida infection is well
established (46). Candida albicans is the predominant species accounting for 41-74% of
candidemia reported from surveillance studies performed worldwide (105).
Immunocompromised patients, particularly with HIV infection, presenting Candida
infection have led to a dramatic increase in the use of antifungal therapy. Consequently this
increase has been accompanied by an accentuated rise in drug-resistant isolates. Azole
resistance in C. albicans, particularly to fluconazole, has been well documented (106, 107).
Resistance to Amphotericin B is rare and remains the first therapy choice in resistant
isolates to azoles, but problems with toxicity have restricted the usage of this drug. Several
studies have investigated the multiplicity of mechanisms involved in resistance to azole
antifungal agents (108-110). The predominant mechanisms involve active efflux pumps for
the antifungal agents, target enzyme alterations, and deficiencies in sterol C5-desaturase
(111). Nevertheless, cross-resistance between drugs seems to be an emergent problem
(104, 105). In consequence, the increased resistance to antifungal agents has led to the
development of new antifungal agents with new drug targets. This study documents
cross-resistance to antifungal azoles and polyene drugs in a Candida albicans isolate from a

HIV infected child not previously exposed to azoles.
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2 - Materials and methods
2.1 - Strains

The strains used in this study include C. albicans B clinical isolate (1-MAB)
obtained from the patient, C. albicans ATCC 90028, ATCC 28516 were used as sensitive

reference strains and erg3 fluconazole-and amphotericin- resistant mutant as control.

2.2 - ldentification

Candida albicans isolate (1-MAB) from the oral cavity of a 5-year old
HIV 1-infected child was monitored at the Pediatric Immunodeficiency Division, State
University of Campinas, Brazil. The child started HIV antiretroviral therapy in 1999 and
never received antifungal therapy. The isolates were identified according to the standard
technique (75). They were cultured on corn meal agar (Difco, US), supplemented with 1%
Tween 80, at 25°C for 7 days for chlamydospore formation. Germ tube formation was
carried out in calf serum (Gibco BR, US) at 37°C for 2 to 4 h. Additionally, the isolates
were cultured at 30°C for 48 h on chromogenic agar (CHROMagalr® - France) (74), and
tested with the Candida Check kit® (Iatron laboratories, Inc., Japan) and ID32C® profiled
(bioMerieux, Marcy I’Etoile, France). Differential growth test at 45°C was used to
distinguish Candida albicans from C. dubliniensis. The isolate was maintained on potato

dextrose broth containing 25% glicerol (PDA Difco, MO, USA) at -80°C.

2.3 - Antifungal drug susceptibility tests

Antifungal agents - Amphotericin B (AMB) (Bristol-Myers Squibb),
fluconazole (FLC) (Pfizer Pharm. Inc. Japan), miconazole MCZ)
(Mochida Pharm. Inc. Japan), and itraconazole (ITC) (Janssen-Kyowa Co., Ltd., Japan),
were tested against the isolates. Antifungal susceptibility tests were performed using the
broth microdilution method according to the guidelines recently published by the National
Committee for Clinical Laboratory Standards (NCCLS)(79). C. albicans ATCC 90028 and

ATCC 28516 were used in each microdilution set as quality control.
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2.4 - Growth inhibition studies

Antifungal agents. Voriconazole (Pfizer Pharm. Inc. UK), fluconazole
(Pfizer Pharm. Inc. UK), itraconazole, ketoconazole (Janssen-Kyowa Co., Ltd., UK),
miconazole, econazole, clotrimazole (Sigma, St. Louis, Mo., USA), imidazole
(Sigma, St. Louis, Mo., USA), 5-flucytosine (Sigma Chemical Co., Ltd., St. Louis, Mo.,
USA), amphotericin B, and nystatin (Bristol-Myers Squibb), and ritonavir (Abbott, USA)

were tested at concentrations ranging from 0.125 to 64 pg/ml.

Single colonies of C. albicans clinical strain were inoculated into 10-ml
aliquots of YNB (yeast nitrogen broth, Difco) medium containing 2% glucose. These were
incubated at 30°C for 24 h with shaking at 250 rpm. Cells were harvested by centrifugation
at 3500 x g for 5 min, at 4°C, washed twice with YNB medium and resuspend in 10 ml
YNB medium. Cells densities were adjusted to a final concentration of 2 x 10° cells/ml in
YNB medium containing 2% glucose. Preparation of antifungal drugs and dilution schemes
were performed in accordance with the National Committee for Clinical Laboratory
Standards (NCCLS)(79). Microtitre plates were inoculated with the tested strain under
different drug regimes. Specific growth rates of isolate was determined in aerobic batch
cultures at 37°C, over 48 hours using a Bioscreen C Analyser (112). Growth rates were

originally calculated as cells per hour (cells.hour™).

2.5 - Accumulation of [’H] fluconazole in Candida cells

Materials. Chemicals were of analytical grade and were purchased from Sigma
(Sigma Chemical Co., St. Louis, Mo., USA). [3H] fluconazole
(specific radioactivity, 37kBg/mmol) was purchased from Amersham International.

Fluconazole non-labelled (FLC) was obtained from Pfizer (Pfizer Pharm. UK).

Accumulation of [*H] fluconazole in Candida cells was determined by a
filter-based assay adapted from Sanglard et al. (1995) (113). All experiments were repeated
on three separate occasions. Cultures were grown to mid-log phase in YNB containing 2%

glucose at 30°C, 200 rpm to a density of 10” cells per ml. The cells were centrifuged at
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4,000 x g for 5 minutes and the pellet resuspended in YNB medium to the original cell
density. A total of 20 ul of [*H] fluconazole (0.154 kBq), with a specific activity of 37
kBg/mmole, was added to 1 ml of the cell suspension. The cells were incubated at 30°C
with shaking at 200 rpm. Samples of 100 ul were withdrawn at fixed time intervals, and
mixed with 0.5 ml of cold YNB medium containing 20 uM unlabelled fluconazole placed
in a Spin-X nylon membrane microfiltration unit (pore size 0.45 pm - 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 as described above. Liquid scintillant was
added and the radioactivity of the cells measured using a liquid scintillation analyzer
(2500 TR-TRI carb, Packard Bioscience Company). In a separate experiment, cells were
exposed to a subinhibitory concentration of sodium azide (NaN3; 0.01 mM) to indicate

whether [*H] fluconazole accumulation was an active energy- dependent process (110).

2.6 - Sterol analysis

Materials. Chemicals were of analytical grade and were purchased from Sigma

(Sigma Chemical Co., St. Louis, Mo., USA).

C. albicans cells were grown to saturation in YNB medium containing 2%
glucose. Cells (10® cells/ml) were harvested by centrifugation for 5 min at 3000 g,
transferred to glass tubes and 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 pl of 1 mg/ml cholesterol
was added to the control sample. The samples were saponified by heating at 90°C for 2
hours. Sterols were extracted using two 5 ml aliquots of hexane followed by evaporation to
dryness with Nj. The isolated sterol fractions were resuspended in 100 ul of toluene and
heated at 60°C for 1 h for silylation with 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 was determined by comparison of retention

times and mass spectra (111, 114)
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3 - Results
3.1 - Identification

During a screening to investigate Candida colonization and antifungal
susceptibility in 60 Brazilian HIV 1- infected children, we isolated Candida albicans-B
from a 5-year old HIV 1-infected child who acquired HIV vertically has been monitored at
the Pediatric Immunodeficiency Outpatient Service, University of Campinas’ State, Brazil.
The medical history of the patient indicated that the child had never received azole therapy
before. The child started started highly active antiretroviral therapy (HAART) in November
1999. In May 2001 the child presented an HIV viral load of 130 000 rep/ml,
CD4 lymphocyte count was 1315 cells/ml and CD8 lymphocyte count 1315 cells/ml.

The clinical isolate from the child was identified as C.albicans-B.

3.2 - Antifungal drug susceptibility tests

Antifungal susceptibility of the Candida albicans-B isolate was determined by
the microdilution method adopted by the National Committee for Clinical Laboratory
Standards(79). The antifungal susceptibility (MICgos) of the Candida albicans-B isolate

was tested and showed low susceptibility to all antufungal agents tested (Table 1).

3.3 - Growth inhibition studies

To investigate the possible cross-resistance to eleven antifungal drugs and one
protease inhibitor and the growth inhibition pattern on this clinical strain, the effect of the
several drugs on the specific growth rate was determined in aerobic batch cultures using a
Bioscreen C Analyser. Voriconazole, fluconazole, itraconazole, ketoconazole, miconazole,
econazole, clotrimazole, imidazole, amphotericin B, nystatin, 5-flucytosine and ritonavir
were tested. The Candida albicans-B isolate showed cross-resistance to several of the
azoles tested (Table 2). We determined the cell growth and inhibition of this isolate in the
presence of voriconazole, a recent antifungal agent used in the treatment of recurrent

oropharingeal candidiasis. At concentrations of 64 pg/ml of voriconazole and fluconazole,
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the cell growth of the clinical isolate were 15% and 34.6% of the untreated cells,
respectively, in contrast to the sensitive strain (ATCC 28516) where growth was totally
inhibited (Table 2). Amphotericin B concentrations of 16 pg/ml caused a 72% inhibition in
the growth rate of the clinical strain and total inhibition of growth in the sensitive strain.
At amphotericin B concentrations of 2 pg/ml, growth of the clinical strain was not inhibited
compared to the 19% inhibition observed for the sensitive strain. The C. albicans-B clinical
isolate gave a growth rate of over 20% at all concentrations tested with most of the
antifungal agents, even at high concentrations (> 32 pg/ml). The exceptions were
clotrimazole (18.5%), amphotericin B (17%), nystatin (11%) and (Table 2). The breakpoint
for 5-flucytosine was 0.25 pg/ml for both the C. albicans-B clinical isolate and
sensitive-fluconazole strain (ATCC 28516). Ritonavir was four-fold more effective at
inhibiting the cell growth of the sensitive-fluconazole strain (ATCC 28516) than the clinical

isolate, with inhibition observed at 1 and 4 pg/ml, respectively.

3.4 - Accumulation of [’H] fluconazole in Candida cells

In order to determine if cellular accumulation of fluconazole could be altered in
the clinical isolate, cells were incubated in the presence of [3H] fluconazole. The isolate
was exposed to [3H] fluconazole and intracellular fluconazole levels were determined at
several time intervals (Table 3). The clinical isolate (1-MAB) and sensitive-fluconazole
strains (ATCC 90028 and ATCC 28516) were found to differ in the rate of [*H] fluconazole
accumulation. The isolate from the HIV-infected child was found to accumulate
approximately half the amount of [3H] fluconazole (44.9 + 4.4) than the reference strains
(Table 3). [3H] fluconazole accumulation in the reference strain (ATCC 90028) was largely
unaffected by the presence of sodium azide. However, the C. albicans B isolate from the
HIV-infected child was found to accumulate approximately 1.5 times more [H]
fluconazole in presence of sodium azide. [3 H] fluconazole accumulation observed in the
isolate from the HIV-infected child indicated that the efflux of fluconazole from the strain
was an active, energy-dependent process, as sodium azide inhibits ATP formation required

for active transport.
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3.5 - Sterol analysis

Analysis of the sterol profile of the clinical strain in this study revealed that
ergosterol was the predominant sterol (Table 4), accounting for 76% of the total sterols and
4-desmethyl sterols (17%). Similar profiles were found for both fluconazole-sensitive
strains (ATCC 90028 and ATCC 28516), the ergosterol was the major sterol detected
showing 94% and 80%, respectively. In contrast, the resistant strain control
(erg3 fluconazole-and amphotericin- resistant mutant) had a different sterol composition,

accumulating ergosta-7,22 dienol (77%), and ergosta-7-enol (22%).
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4 - Discussion

The occurrence of azole cross-resistance in clinical C. albicans isolates has
been demonstrated in HIV-infected adults suffering recurrent oropharyngeal candidiasis
(104, 106, 107, 115). However, so far little attention has been paid to the clinical
significance of azole-resistance in pediatric patients (104). The oral Candida isolate from
the child in this investigation showed low susceptibility to all azoles tested as judged in
MICgs, fluconazole (> 64 pug/ml), miconazole (> 32 pug/ml), ketoconazole (> 16 pug/ml),
and itraconazole (> 8 pg/ml). The clinical isolate also showed low susceptibility to
amphotericin B (8 pg/ml). Eleven antifungal drugs and one protease inhibitor were tested to
investigate the possible cross-resistance in the clinical isolate. Voriconazole and fluconazole
caused 85 % and 65% growth inhibition, respectively, at a concentration of 64 pg/ml.
Amphotericin B at concentration of 8 pupg/ml inhibited 62% of cell growth.
The C. albicans-B clinical isolate gave a specific growth rate of over 20% at all
concentrations with most of the antifungal agents tested, even at high concentrations
(> 32 pg/ml) (Table 2). 5-flucytosine was effective at inhibiting cell growth of the
C. albicans-B clinical isolate at concentration of 0.25 pg/ml. S-flucytosine has been
successfully used in combination with amphotericin B in the treatment of several deep
mycoses (15). 5-flucytosine exhibits a low toxicity in contrast to amphotericin B.
The synergistic effect obtained by this drug combination provides an alternative therapy in
resistance cases (15, 46, 116, 117). Although we did not test the drug combination,
our results suggest that 5-flucytosine may be useful in the treatment of cross-resistant to
polyenes and azoles. The literature has attributed the significant reduction of oropharingeal
candidose in the HIV-infected patients to the direct effect of the antiretroviral protease
inhibitors (62). This compound has shown effect on aspartyl protease, which is an
important putative virulence factor of Candida spp.. Ritonavir, HIV protease inhibitor, has
been studied before by Migliorati et al. who reported that ritonavir actively effected only
part of the positive isolates which secrete aspartyl protease (62, 67, 118). The antifungal
effect of the protease inhibitors has been compared to fluconazole (62, 67, 118). However
few reports (119) have studied the Candida cell growth and susceptibility range in vitro of

the HIV protease inhibitors. C. albicans-B clinical isolate in this study showed low
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susceptibility to ritonavir with 39% inhibition at concentration of 4 pg/ml on the other hand
the sensitive-fluconazole strain (ATCC 28516) was inhibited 94%. Thus, one could
speculate that the long term use of ritonavir, as part of HIV therapy, could influence the
virulence of the clinical Candida isolate. In spite of the recent findings of the
non-conventional unexpected benefit (120) of the protease inhibitors against C. albicans
secreted aspartyl proteases further studies are needed to establish a possible

non-conventional use of the HIV protease inhibitors.

Several resistance mechanisms to the azole and polyene antifungal classes in
C. albicans have been reported (107, 115, 121). The relevant mechanisms consist of an
active efflux pump of the antifungal agents, target enzyme alterations and deficiencies in
C5-desaturase (111, 113). The clinical isolate had a similar ergosterol composition to the
sensitive strains and previous results (107). But with increased amounts of the sterol
intermediates this may well represent an intrinsic difference between the strains unrelated
to resistance. Similar profiles have been observed elsewhere (122) and the retention of
ergosterol at a high percentage of total sterols does not indicate specific mutation of the
enzymes involved in sterol pathway. Amphotericin is believed to interact with ergosterol to
mediate fungicidal effects, but no large scale sterol changes of the sort produced by polyene

resistance were evident (107, 111).

The accumulation of fluconazole from the clinical isolate, Candida albicans-B
isolate, was found to be an active process, as the presence of sodium azide caused an
increase in the intracellular levels of fluconazole. It is also true that in the sensitive
reference strain ATP-dependent pumps are operating, however no effect was observed when
sodium azide was added. Thus some evidence supporting resistance of this isolate to
antifungal azoles may to be in part due to an active transport efflux mechanism was
obtained and this is the most frequent molecular mechanism of azole resistance recently

described (106).

Several studies have investigated the multiplicity of mechanisms involved in
resistance to azole antifungal agents (108-110), (123) Three Candida albicans proteins,
namely the ATP-binding cassette (ABC) transporters Cdrlp and Cdr2p, respectively, and

the major facilitator protein Mdrlp were shown to be major mediators of azole resistance.
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These two super families of active multidrug transporters play an important role in
decreasing the intracellular fluconazole concentration of fluconazole-resistant C.albicans
isolates by active transport. These mechanisms do not give rise to amphotericin

cross-resistance hence the novelty of the findings here.

Previously an example of azole and amphotericin cross-resistance not related to
a defect in sterol biosynthesis was observed in Crypfococcus neoformans mutants isolated
in vitro (114) and similar mechanisms may be operating in the clinical C. albicans studied

here. Elucidating these will require molecular analysis.

This study also suggests that the different pattern of voriconazole effect on cell
growth in comparison to other azoles, and particularly to fluconazole, may indicate that
additional antifungal targets may be involved in the azole resistance. The presence of
cross-resistance to antifungal drugs in pediatric patients, including azoles not previously

used in children, does therefore occur.
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Table 1 - Drug susceptibilities of the C.albicans isolates (1-MAB, ATCC 90028, ATCC

28516, and erg3 fluconazole-and amphotericin- resistant mutant).

Drug 1-MAB ATCC 90028 ATCC 28516 Erg3
Drug concentration (MICgys, nug/ml)
FLC >64 <l <1 >64
VOR <8 <0.5 <0.5 >64
ITC >8 <0.5 <0.5 >64
KTZ >16 <1 <1 >64
MCZ >32 <l <1 <8
AMB 8 1 2 8
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Table 2 - Effect of antifungal drugs on the percentage on the specific growth rate (cell.h™)

of C. albicans isolates

Drug Drug Concentration (ug/ml)
64 32 16 8 4 2 0.5 0.25
Growth rate (%)
A S A S A S A S A S A S A S A S A S
VRC 153 0 16 07 173 25 187 36 196 153 204 192 223 19.1 46.1 427 876 43
FLC 346 0 369 07 492 27 50 38 723 03 725 05 726 85 100 44 100 45
ITC 1.7 0 307 0 38.6 0 373 035 363 12 446 42 52 122 531 375 70 6838
KTC 7 0 315 0 30 0 31.5 0 31,5 9.8 576 456 737 625 953 823 99 95
MIC 0 0 215 1 415 15 515 46 607 23 65 504 774 688 772 766 88 774
ECO 81 0 269 25 315 88 407 39 80 698 99 903 99 95 99 99 99 99
CLT 14 0 184 0 30.7 0 35.6 0 38.8 1 40 125 87.6 422 953 562 99 58
M 88 - 100 789 100 829 100 957 100 90.6 100 91.8 100 99 100 99 100 99
AMB 0 0 169 0 276 03 384 03 453 03 100 80.7 100 85 100 85 100 88
NYT 0 0 107 0 18.4 0 21.5 0 100 819 100 100 100 100 100 100 100 100
SFC 0 0 0 0 0 0 0 0 0 0 0.1 0 0.3 0 1.3 1 42 28
RT 1.2 - 41 23 4.1 2.5 46 53 613 6 637 145 835 351 862 74 856 87

A= 1-MAB, clinical isolate; S= ATCC 28516, sensitive isolate. VRC= Voriconazole, FLC= fluconazole, ITC= itraconazole,

KTC= ketoconazole, MIC= miconazole, ECO= econazole, CLT= clotrimazole, IM= imidazole, AMB= amphotericin B, NYT= nystatin,

SFC=5-flucytosine and RT=ritonavir. Growth rate is expressed as percentage of the control without drug.
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Table 3 - Accumulation of [’H] fluconazole (dpm/min) in presence of NaN3 in C. albicans

clinical isolates (1-MAB).

Strains [3H] fluconazole [3H] fluconazole + NaNj;
(MD = SD) (MD + SD)
1-MAB 449+44 117.5 £32.8
ATCC 90028 (S)* 80.5+12.8 87.5+31.6
ATCC 28516 (S)* 73.4+6 83+8

*Fluconazole-sensitive
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Table 4 - Sterol composition of C. albicans isolates.

Sterol identified Total Sterol fraction (%)
1-MAB ATCC 90028 ATCC 28516 erg3

Ergosterol 76 93.7 84.2 -
Ergosta-7,22 dienol 0.15 - 0.6 77
Ergosta-7-enol 0.7 - - 22

4-desmethyl sterols 17.3 - 32 -

4-methyl sterols 5.5 - 6 -

Unidentified - 6.3 6 1
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Abstract

This study investigated the prevalence of C. dubliniensis in a Brazilian family with an
HIV - infected child. A total of 42 oral isolates were obtained from eight family members.
The identification of C. dubliniensis was 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
azoles tested with MICgps of 0.125 and 0.5 pg/ml for voriconazole and fluconazole,
respectively. Accumulation of [*H] fluconazole in C. dubliniensis isolated from the
HIV-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.

Key words: Candida dubliniensis - antifungal agents - HI'V-infected children.
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Resumo

O presente estudo investigou a prevaléncia de C. dubliniensis em uma familia brasileira
com uma crianca infectada pelo virus HIV. Um total de 42 isolados orais foram obtidos de 8
membros da familia. A identificacdo de C. dubliniensis foi realizada por polymerase chain
reactions (PCR) usando primers contra a sequéncia especifica para o gene C. dubliniensis
cytochrome b. Apenas a crianga infectada pelo virus HIV e a av6 estavam colonizados por
C. dubliniensis. Neste estudo C. dubliniensis isolado da crianga infectada pelo virus HIV
exibiu alta susceptibilidade para azoles com concentracio minima inibitéria de 0.125 and
0.5 pg/ml para voriconazole and fluconazole respectivamente. Acimulo de [*H] fluconazol
intra-celular foi ligeiramente reduzido em C. dubliniensis isolado da crianca infectada pelo
virus HIV em comparagdo com a cepa referéncia sensivel ao fluconazole. Isolados de
C. dubliniensis neste estudo apresentaram niveis significantemente reduzido de ergosterol

da membrane celular em comparagdo com C. albicans.

Palavras-chave: Candida dubliniensis — agentes antifingicos - HIV.
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Introduction

C. dubliniensis is closely related to C. albicans phylogenetically and is found
commonly around the world (33, 34). In previous investigations C. dubliniensis was
isolated from the oral cavities of 27% of human immunodeficiency virus (HIV)-infected
subjects and 32% of AIDS patients with oral candidiasis (124, 125). C. dubliniensis has
also been recovered from the oral cavities of asymptomatic and symptomatic
immunocompetent individuals, although to a much lesser extent. Candida dubliniensis was
first described in South America by Rodero et al. (126). Transmission of genetically
indistinguishable strains of C. albicans between HIV-infected adult partners has been
reported previously (95). Little is known about the transmission of C. dubliniensis between
children and within families (95). The majority of C. dubliniensis clinical isolates tested to
date are susceptible to several antifungal agents (127). This study investigated the

prevalence of C. dubliniensis in a Brazilian family with has an HIV - infected child.
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Material and Methods
Subjects

One HIV-infected child who acquired HIV vertically is being monitored at the
Pediatric Immunodeficiency Outpatient Service, Medical School, State University of
Campinas. The child’s parents had deceased from HIV infection disease. The oral flora
from the HIV-infected child and his family members were investigated. A total of 42 oral

isolates were obtained from eight family members (Table 1).
Identification

All isolates (n=42) were identified according to the standard technique (75).
They were primarily cultured at 30°C for 48 hours on chromogenic agar
(CHROMagar® - France), (74) prior to growth on corn meal agar (DIFCO, USA),
supplemented with 1% tween 80, at 25°C for 7 days for chlamydospore production. Germ
tube formation was performed using calf serum (GIBCO BR, USA) at 37°C for 2 to 4
hours. In addition the isolatess were tested with Candida Check kit®
(latron laboratories, INC, Japan) (128) and ID32C® analytic profile index 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 a later time.
Candida dubliniensis isolates

C. dubliniensis isolates of IFM 48184 (F6583 isolated from a Japanese patient),
48313 (CBS 7978), 48314 (CBS 7988) and 49192 (S-34 isolated from a Brazilian patient)
were used as references, and isolates 73 and 390 were obtained from the Brazilian
HIV-infected child during 1998 and 1999 (34). The tested isolates were 2-MLA, 3-MLA
(grandmother) and 3-LPS (Brazilian HIV-infected child), collected during 2000 and 2001.
The Brazilian HIV-infected child received highly active antiretroviral therapy (HAART)
including nelfinavir, zidovudina and 3TC. The HIV-infected child received homecare from

the grandmother.
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Confirmation of C. dubliniensis by polymerase chain reactions (PCR)

The isolates were cultured on potato dextrose agar (PDA Difco, MO, USA)
slants at 30°C temperature for 48 hours. Extraction of DNA was performed using a DNA
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 (34, 129).
The primers used were Cdub-F (5'-TTCTCTGTAAGTAATCCTACAATACAGCGT-3") and
Cdub-R (5'-ACAATTGATGGAGGTGTCACCATTGGGTTT-3"). A positive result was
indicated by the presence of a 305 base product after resolution by electrophoresis in 1%
agarose. Comparison of DNA fingerprinting by random amplified polymorphic DNA
(RAPD) patterns. The isolates were 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 (34, 129).

Antifungal susceptibility tests

MICsps were performed using the broth microdilution method according to the
National Committee for Clinical Laboratory Standards (130). 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).

Accumulation of [’H] fluconazole in C. dubliniensis isolates

Accumulation of [3H] fluconazole in Candida cells was determined by a
filter-based assay adapted from Sanglard er al. (131). All experiments were repeated on
three separate occasions. Overnight cultures were grown in YNB containing 2% glucose at
30°C, 200 rpm to a density of 10° cells per ml. The cells were centrifuged at 4,000 rpm for
5 minutes and the pellet resuspended in YNB medium to the original cell density. A total of
20 pl of [*H] fluconazole (0.154 kBq), with a specific activity of 37 kBg/mmole, was added
to 1 ml of the cell suspension. The cells were incubated at 30°C with shaking at 200 rpm.

Samples of 100 ul were withdrawn at fixed time intervals, and mixed with 0.5 ml of cold
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YNB 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 cells was measured using a liquid scintillation analyzer (2500 TR-TRI carb,
Packard Bioscience Company). In a separated experiment cells were exposed to a
subinhibitory concentration of sodium azide (NaN3; 0.01 mM) (127) to establish whether

[*H] fluconazole accumulation was an active energy- dependent process.
Sterol analysis

C. dubliniensis cells were grown to saturation in YNB medium containing 2%
glucose. Cells (10® cells/ml) were harvested by centrifugation for 5 min at 3000 rpm,
transferred to glass tubes and 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 pl of 1 mg/ml cholesterol
was added to the control sample. The samples were saponified by heating at 90°C for 2
hours. Sterols were extracted using two 5 ml aliquots of hexane followed by evaporation to
dryness with N,. The isolated sterol fractions were resuspended in 100 ul of toluene and
heated at 60°C for 1 h for silylation with 20 pl 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 was determined by comparison of retention

times and mass spectra (111, 114).
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Results and Discussion

HIV-infected patients often suffer severe forms of oropharyngeal candidiasis,
mainly caused by Candida albicans, although over the last decade the reported incidence of
infections caused by other Candida species has increased significantly (57).
Candida dubliniensis is a recently identified yeast, (33, 34, 132) mostly isolated in
HIV-infected individuals with oral candidiasis. C. dubliniensis has also been recovered
from the oral cavities of asymptomatic and symptomatic immunocompetent individuals,
although to a much lesser extent. Transmission of genetically indistinguishable strains of
C. albicans between HIV-infected adult partners has been reported previously (95).
However, little is known about the transmission of the isogenic C. dubliniensis strain
between children and within families. The aim of this study was to investigate the presence
of C. dubliniensis among Brazilian family members.

Candida dubliniensis was first described in South America by Rodero et al.
(126). Oral flora from one Brazilian HIV-infected child and his family members were
investigated. 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
also 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. The oral flora of the family 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 candidiasis at the moment of the oral examination.
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.dubliniensis isolates (133). However, conclusive

differences must be assessed at the genetic level (134). Using the classical identification
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methods it was not possible to identify some isolates tested. The primary culture of
Candida 1solates 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 bands on the gel (Fig.2). The reference
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.dubliniensis isolates from the same family member revealed that the grandmother was
probably contaminated through the HIV-infected child (Fig. 3). Further epidemiological
studies for his environment, such as neighbors, classmates and relatives might be requested.
Recently Milan and collaborators (135) reported that Candida spp. colonization was 33%
of the AIDS household contacts in contrast with 14% of the HIV-negative control (135).
C. albicans was the most frequently isolated species. Our findings also reveal that
transmission through the family members is possible and perhaps represents a previously
under appreciated factor in families with or without HIV infection. Moreover,
the asymptomatic members, who have not received antifungal therapy, may also 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 occurs in the sharing of food, utensils, and toys.

MICgps for each antifungal agent were determined and all C. dubliniensis
isolates investigated were susceptible to the antifungal drugs tested (Table 2), with the
exception of nystatin. C. dubliniensis isolates exhibited MICsps values of 0.125 pg/ml for
voriconazole. C. dubliniensis isolates from Brazil in a previous study (87) reported high
susceptibility for azoles and similar results were described in the literature (125, 127, 136).
Non- dubliniensis isolates from the other members of the family were susceptible to all

drugs tested (data not shown).

Few studies have reported the sterol composition in C. dubliniensis isolates
(136). As it is known enzymes of the ergosterol biosynthetic pathway are important targets

of several classes of antifungals used to treat Candida infection (107, 111, 115).
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In this study sterol profile of C. dubliniensis isolates (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 (136). C. dubliniensis isolates
from the Brazilian HIV-infected child (3-LPS) presented several intermediate sterols
(Table 4). Interestingly other intermediate sterols were cholesta-8,24-dienol (14%) and
ergosta dienol (11%) in the 3-LPS isolate. It has previously been reported that altered
membrane composition can affect the function of efflux pumps and susceptibility to azole
antifungal agents (107, 115). Sterol composition has been extensively investigated for
C. albicans but very little is known about the sterol profile in C. dubliniensis. In this report
C. dubliniensis isolates showed a reduced ergosterol level in comparison to C. albicans
reference strains (ATCC 90028 and 28516). The ergosterol level has shown values up to
80% to both C. albicans reference strains (ATCC 90028 and 28516), these results are
similar to that described previously (107, 137). The sterol profile in this work suggests an
interesting difference between C. dubliniensis and C. albicans, in regarding that both
species are closely related phylogenetically further investigation about the sterol profiles in

other C. dubliniensis isolates is required.

Additionally because these C. dubliniensis clinical isolates showed different
ergosterol amount we decide to investigate if the alteration in the function of efflux pumps
could be presented in these isolates. To determine if alterations in cellular permeability to
fluconazole could be different in both C. dubliniensis isolates, from HIV-infected child
(3-LPS) and his grandmother (2-MLA), cells were incubated in the presence of [*H]
fluconazole and the intracellular accumulation of this compound was determined. These
isolates were exposed to [3H] fluconazole and intracellular fluconazole levels were
determined at several time intervals (Fig. 4). The two clinical isolates were found to differ
with regard to fluconazole accumulation. The isolate from the HIV-infected child was
found to accumulate half the amount of [3H] fluconazole than the isolates from
grandmother and IF 48313 reference strain (Table 3) however no significant difference.
It is also true that in the reference strain (IF 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
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approximately 1.5 times more [°H] fluconazole in the presence of sodium azide. [*H]
fluconazole accumulation observed in the isolates from the HIV-infected child and
grandmother indicate that the efflux of fluconazole from these two strains was an active,
energy-dependent process, as sodium azide inhibits ATP formation required for active
transport. The most frequent molecular mechanism of azole resistance recently described
has been the upregulation of efflux pumps (138). Reports have demonstrated resistance in
C. dubliniensis 1isolate 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 involved in resistance to azole antifungal
agents (108, 127, 138). Three Candida albicans proteins, namely the ATP-binding cassette
(ABC) transporters Cdrlp and Cdr2p, respectively, and the major facilitator protein Mdrlp
were shown to be major mediators of azole resistance. These two super families of active
multidrug transporters play an important role in decreasing the intracellular fluconazole
concentration of fluconazole-resistant C.albicans isolates by a mechanism of active drug
efflux pump. Drug-efflux-mediated resistance mechanisms in yeasts provide a further
therapeutic target for the future. Therefore the differences in the membrane sterol
composition may influence the basic biology of these two closely related species, including

virulence factors and antifungal drug targets, which requires further investigation.

The acquisition of C.dubliniensis and resistant strains by an asymptomatic
HIV-infected patient has important clinical implications (36) and may result in the new
presentation of oral candidiasis refractory to initial azole therapy. Therefore risks for

intrafamilial transmission should be included in infection control programs.
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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 Male

MLA grandmother 55 white Female

LA aunt 25 white Female
PA uncle 20 white Male
CA uncle 21 white Male
CHA cousin 2 white Male

CAMA cousin 7 white Female

JA cousin 6 mulatto Female

*months
Capitulos

110
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C.glabrata
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C.tropicalis
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Fig. 1 - Diagram of the species identified amongst the isolates from the family members of
the HIV-infected child.[] LPS (HIV-infected child); + (HIV-infected mother) and

++ (HIV-infected father) both are deceased. Kindred of the HIV-infected child
(MLA, CA, PA, LA, CHA, JA and CAMA).
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Fig. 2 - The gel image of amplification of C.dubliniensis specific gene in cytochrome b.
Marker, 1 line; 2, IFM 48184; 3, IFM 48313; 4, IFM 48314; 5, IFM 49192; 6, 73;
7,390; 8, 2-MLA; 9, 3-MLA; and 10, 3-LPS.
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Fig. 3 - The gel image of RAPD fingerprinting patterns of C.dubliniensis isolates.
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.
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Table 2 - MICs for antifungal drugs in C. dubliniensis isolates

Drug 3-LPS 2-MLA IFM 48313
MIC (pg/ml)

VOR 0.125 0.125 0.125
FLCZ 0.5 0.125 0.25
ITCZ 1 1 0.125
KTZ 0.03 0.03 0.03
MCZ 2 2 2
CLTZ 0.06 0.06 0.06
AMPH 2 2 2
NYS 16 4 8
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Table 3 - Accumulation of [*H] fluconazole (dpm/min) in presence of NaN3 in clinical C.

dubliniensis 1solates

Strains [*H] fluconazole [*H] fluconazole + NaN;
(MD £ SD) (MD £ SD)
3-LPS 46 £ 11.5 70.3 £20.7
2-MLA 94.6 +26.1 179.4 £ 64.7
IFM 48313 96.2 £17.5 107.7£45.5
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Table 4 - Sterol profile of C. dubliniensis clinical isolates (3-LPS, 2-MLA)

Sterol Profile Total sterol fraction (%)
3-LPS 2-MLA  IFM"48313  ATCC" ATCC"
90028 28516
Cholesta-8,24-dienol 14 13.1 19.1 - 4
Ergosterol 45.4 50 49.5 93.7 80.2
Ergosta-7,22-dienol 34 2.8 3.7 - 0.6
Ergosta-dienol 10.9 104 9.6 - 3.7
Methylfecosterol 1.5 - 1.8 - 3
Obtusifoliol 4.7 5.6 6.1 - 25
Eburicol 0.3 - - -
4.4-dimethylcholesta-dienol 6.6 5.8 - -
Unidentified 12.3 12.3 9.6 6.3 6

3C. dubliniensis and °C. albicans reference strains
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Abstract

Declining incidence of oropharyngeal candidoses and opportunistic infections over recent
years can be attributed to the use of highly active anti-retroviral therapy (HAART).
Infection with C. albicans generally involves adherence and colonization of superficial
tissues. During this process, budding yeasts are able to transform to hyphae and penetrate
into the deep tissue. Using the biocell tracer system, hyphal growth of C. albicans was
dynamically observed at the cellular level. Ritonavir was effective in the inhibition of
hyphal growth with growth rate of 0.8 um/min. This study showed the effect in vitro of HIV

anti-retroviral drug on the growth rate of the C. albicans single hyphae.

Keywords: Candida, hyphal, protease inhibitor
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Efeito da droga Anti-retroviral HIV-1 no Crescimento de Hifas de C. albicans

monitoradas pelo sistema Bio cell tracer

Resumo

Declinio na incidencia de candidose orofaringea e infeccoes oportunistas associadas a
infeccao HIV tem sido atribuido a introducao da terapia antiretroviral combinada
(HAART). Infeccao por C. albicans envolve aderencia e colonizacao da mucosa superficial.
Durante este processo leveduras sao capazes de transformar-se na forma de hifas e penetrar
nos tecidos mais profundos. Usando o sistema biocell tracer, crescimento de hifas de
C. albicans foi observado dinamicamente a nivel celular. Ritonavir, inibidor de protease
HIV, foi efetivo na inibicao do crescimento de hifas com media de 0.8 pm/min.
O presente estudo demonstrou o efeito in vitro de um agente antiretroviral-HIV sobre o

crescimento de hifas de C. albicans.

Palavras-chave: Candida, hifa, inibidor de protease
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Introduction

Oropharyngeal candidoses 1s a frequent opportunistic mycosis in
immunocompromised patients. The main causative agent of this infection is C. albicans.
(139) C. albicans is a dimorphic fungus with ability to transform between yeast and hyphal
cells. Both forms are invariably present in lesions. Evidence suggests that the mycelial form
is important in the pathogenesis of candidoses.(139) Putative virulence factors of
C. albicans include cell wall adhesions, phenotypic switching, hyphal formation,
thigmotropism and secretion of proteases and others hydrolytic enzymes.(140)
Production of extracellular proteases in Candida was first reported by Staib (1969).(141)
C. albicans has the ability to secrete proteases facilitating the invasion of mucosal
tissue.(142) Declining incidence of oropharyngeal candidoses and opportunistic infections
over recent years can be attributed to the use of highly active anti-retroviral therapy
(HAART), including HIV protease inhibitor (PI), in the treatment of HIV-infected patients.
(46, 61, 62, 143) This has been attributed to Candida proteases belonging the same protease
class as HIV protease. Recent studies suggest a correlation exist between high protease
secretion and reduced susceptibility to some azoles by C. albicans isolates from
HIV-infected patients before HAART. (24, 119, 144, 145) Kretschmar et al. (1999) (146)
demonstrated that both germ tubes and protease activity correlated with tissue damage in
C. albicans infection. However little is known about the effect of HIV protease inhibitor on
Candida hyphal growth. The main treatment of Candida infections has been based on azole
and polyene therapy (147). Azoles have also been showed to interfere with respiration
process, inhibition of the hyphal formation and activity of membrane-bound enzymes.(148)
This study investigated the effect of an HIV protease inhibitor on the growth rate of
Candida single hyphal by a bio-cell tracer system.
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Material and Methods
Organism. C. albicans ATCC 90028 reference strain.
Materials

Amphotericin B (AMB) (Bristol-Myers Squibb), reagent grade was dissolved in
dimethyl sulfoxide solvent (DMSO). Ritonavir (RT) (Abbott Co., UK) was dissolved in
methanol. Other chemicals used included poly-L-lysine (Sigma Chemical Co., Ltda.,
St. Louis, Mo., USA), fetal calf serum 5% (GIBCO, Laboratories), and RPMI-1640
medium  (Nissui  Pharmaceutical Co., Japan) which was buffered with

morpholinepropanesulfonic acid (MOPS; Sigma Chemical Co.).
Antifungal Susceptibility Test

To determine the MIC of the strain, antifungal susceptibility tests were
performed as previously described by the National Committee for Clinical Laboratory

Standards (NCCLS 1997).(149)
Cellular yeast growth

Ritonavir and amphotericin B were tested at concentration ranging from 0.125
to 64 ug/ml. Single colonies of C. albicans ATCC 90028 strain was inoculated into 10-ml
aliquots of YNB (yeast nitrogen broth, Difco) medium containing 2% glucose.
These were incubated at 30°C for 24 h with shaking at 250 rpm. Cells were harvested by
centrifugation at 3500 rpm for 5 min, at 4°C, washed twice with YNB medium and
resuspend in 10 ml YNB medium. Cells densities were adjusted spectrophotometrically to
an optical density (ODgpp) with value of 0.42 at 600 nm and then diluted to a final
concentration of 2 x 10° cells/ml in YNB medium containing 2% glucose. Preparation of
antifungal drugs and dilution schemes were performed in accordance with the National
Committee for Clinical Laboratory Standards (NCCLS, 1997). Specific growth rates
(cells.h'l) of the strain were determined in aerobic batch cultures at 37°C, 48 h using a

Bioscreen C Analyser.(112)
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Monitoring of single hyphal growth by the Biocell-Tracer system

Cells were pre-cultured in RPMI-1640 medium at 37°C with shaking at 150
rpm for 24h. Cells were washed 3 times with saline solution by centrifugation at 2000 rpm
and cell count adjusted to approximately 1 x 10° cells/ml. Plastic tissue culture dishes
(35 x 10 mm, Nunc, Denmark) were used as culture vessels. The inner surface of this vessel
was covered with 0.01% poly-L-lysine. Cells suspension (I ml) was inoculated onto the
culture vessel and kept for 1 hour at room temperature. Using this procedure, cells not
adhered to the poly-L-lysine on culture dishes were removed and 1 ml RPMI 1640
supplemented with 5% fetal calf serum was added. The culture vessel was set on the
microscope chamber stage at 35°C to get up to 90% hyphal growth. Fifteen to twenty
hyphal tips were selected and monitored by the biocell tracer system
(BCT, Hidan Co., Ltd, Chiba Japan). This automatic system consists of a miscroscope
(Olympus;IMT-2) and a digital image analyser (Flovel) using a computer program that
traces individual hyphal tips. The analytical precision was 0.01 pm.min"'. The apparatus
can trace growing hyphal tips at speeds in the range of 0.5 to 20 um.min"' . Growth rates of
hyphal tips were measured for 10 min intervals. After stable growth, approximately 1 hour,
the medium from the culture vessel was removed and fresh RPMI medium containing the
drug to be tested was added or control no drug added. The drugs were tested in separate sets
in which AMB was used at concentration of ¥4 MIC, 0.0125 pg/ml, and Ritonavir at

concentration of 58 ug/ml. The growth rate was monitored for 2-4 h.

Results and Discussion

Protease inhibitors (PI) caused a revolution in treating HIV infection when they
were introduced in 1996. The introduction of highly active antiretroviral therapy (HAART)
including PI has been accompanied by a reduction in the frequency of many of the
secondary infections caused by HIV infection, including oral lesions.(143, 150-153)
Infection with C. albicans generally involves adherence and colonization of superficial
tissues.(142, 146, 154) During this process, budding yeast cells are able to transform to

hyphae and penetrate into the deep tissue.(155)
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In the present study the antifungal susceptibility tests for the ATCC 90028 strain
gave a MIC to AMB of 1 ug/ml. The effect of the drugs on the yeast growth rate (cells.h™)
of the ATCC 90028 strain was determined in aerobic batch cultures using a Bioscreen C
Analyser. Ritonavir and amphotericin B were tested at concentration ranging from
0.125 to 64 pg/ml (Fig. 1). AMB inhibited 80% of growth at a concentration of 1pg/ml and
was fungicidal at a concentration >lpg/ml (Fig. 1). In contrast Ritonavir showed a
progressive inhibitory effect on the yeast growth rate at higher concentrations, inhibiting
85% of the cell growth at concentrations of 2 pg/ml. However, at concentrations of

64 pg/ml, Ritonavir was not fungicide.

Ritonavir shows mean maximum concentrations in serum (CpaxS) of
0.058 mg/ml after oral administration doses of 100 mg/day. Using the BCT system, cell
culture after 1h showed up to 90% hyphal growth then the hyphal tips were exposured to
58 ug/ml of ritonavir. Figures 2 to 4 show time measurement in minutes and the growth rate
(pm.min‘l) of single hyphae. In the post-exposure period the hyphal growth rate in the
presence of Ritonavir was 0.8 + 0.33 pm/min. In contrast AMB at a subinhibitory
concentration (0.125 pg/ml) caused only a slight reduction in hyphal growth (Fig. 2) with a
growth rate of 2.8 £ 0.6 um/min. The mean growth rate of the untreated hyphae was
constant at approximately 2.5 pum/min at 37°C. Therefore the hyphal growth was
progressively reduced after the Ritonavir had been added, indicating hyphal sensitivity to
Ritonavir. Several antifungal susceptibility tests such as microdilution (NCCLS),
agar diffusion (156) and flow cytometry are designed to work primarily with yeasts and
yeast-like fungi. However, for filamentous fungi or hyphal invasion, these standard
antifungal susceptibility tests do not accurately determine the effectiveness of a drug as an

antifungal agent.

The main treatment of Candida infections has been based on azole and polyene
therapy.(147) Although amphotericin B shows high toxicity, it is still the drug of choice for
systemic mycosis. Amphotericin B act at the level of ergosterol by binding to this molecule.
Azoles such as fluconazole, itraconazole or voriconazole inhibit the cytochrome P450
responsible for the 14a demethylation of lanosterol (CYP51) and thus block ersgosterol
biosynthesis. Inhibition of ergosterol biosynthesis in C. albicans causes a variety of

functional alterations in the cell membrane such as permeability changes, leakiness and
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disruptive interactions with non-sterol and lipid components. Ergosterol biosynthesis is
more sensitive to azoles in mycelial cultures than yeast cultures, and this observation has

been used to justify the efficacy of azoles in vivo.(142, 157, 158)

Recent studies in vitro suggest that HIV- protease inhibitors cause inhibition of
growth with Pneumocystis carinii, (150) Candida albicans, (62) and Toxoplasma gondii.
(153) Indinavir caused an insignificant inhibitory effect in line with that of AZT and
Saquinavir was only lethal to Toxoplasma at concentrations cytotoxic to the human host
cells. Nelfinavir and Ritonavir, however, blocked parasite growth at concentrations that
were sub-lethal to human host cells. The main mechanism of pathogenicity in Candida
infection is by hyphal growth. (82, 158) The major treatment of Candida infections has
been the use of azole and polyene drugs (147) which inhibit hyphal growth and therefore
prevent candidoses development. The effect of HIV protease inhibitors on Candida hyphal

growth is unclear.

In studies using scanning and transmission electron microscopy, some
antifungal drugs caused inhibition of growth and morphological changes in C. albicans and
A. fumigatus. (46, 159, 160) These structural alterations were attributed to depletion of
ergosterol. (161) Hyphal-deficient mutants are known to be avirulent in
infections.(142, 154) C. albicans extracellular proteolytic activity due to secreted aspartic
proteases has been purposed as putative virulence factor during the tissue invasion process
by hyphal cells. Felk et al. (2002) (4) showed that strains that produced hyphal cells but
lacked hyphal-associated proteases were less invasive. Thus the hyphal morphology per si
seems not make the fungus invasive.(142) Several studies (62, 67, 162) showed inhibitory
effects of Indinavir and Ritonavir on the yeast growth of Candida albicans.
They established that a particularly virulent form of C. albicans associated with HIV
infection produces a secretory aspartyl protease. This protease is inhibited by the HIV PlIs.
Using an experimental mouse model of vaginal candidoses, De Bernardis et al. 1999 (163)

demonstrated that the PIs had a therapeutic efficacy comparable to that of fluconazole.

The present study was succeeded in showing the inhibitory effect of ritonavir
on a single hyphae tip growth of C. albicans. Our findings suggest that ritonavir was

effective in the inhibition of hyphal growth therefore explaining in part the reduction of oral
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candidoses prevalence. The mechanism of PI action in controlling virulence factors
associated with hyphal formation and growth is not known and requires further

investigation.
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O presente estudo analisou a influéncia do uso de Inibidores de Protease sobre a
flora oral de criancas infectadas pelo HIV-1, comparando as espécies de leveduras
identificadas antes e ap0s terapia HAART. A incidéncia de infec¢des por fungos em
pacientes infectados pelo HIV tem diminuido apds a introdu¢@o dos inibidores de protease
do HIV (10, 150). Estudos in vitro sugerem que inibidores de protease do HIV podem
mostrar atividade inibitoria para Preumocystis carinii (150), C. albicans e Toxoplasma

gondii (153, 164).

A mudanga do perfil da flora oral nos dois momentos, nesta investigacao,
foi avaliada através do teste estatistico McNemar. Associacdo entre as varidveis
(classificacao clinica e imunoldgica, espécies identificadas, coloniza¢do por leveduras e
manifestacdo oral) estudadas foi verificada através do teste exato de Fisher, nivel de

significancia a 5%.

Isolados do grupo I (antes do uso de IP) foram identificados e as criangas em
sua maioria (80%) estavam colonizadas por C. albicans e apenas 2 criangas nao

apresentaram isolados de Candida oral.

Na identificacdo a nivel de espécies dos isolados de criancas infectadas pelo
HIV-1 (n=52), do grupo I, 92.3% dos isolados eram C. albicans-A. Apenas 5 espécies
Nao- albicans foram identificadas representando uma baixa diversidade. Espécies menos

comuns como C. sake e C. dubliniensis foram isoladas.

A variabilidade das amostras de levedura das criangas infectadas pelo HIV-1,
do grupo 11, diferiu significantemente daquela do grupo I (p=0.005). No grupo II 51.9% das
criancas (n=27) foram colonizadas apenas por C. albicans e 28.8% das criancas (n=15)
apresentaram colonizacdo mista (isolados de C. albicans e Nao - albicans).
Portanto quando comparamos os grupos 1 e 1II, apés o uso de IP houve uma importante
reducdo no percentual de colonizacdo por C. albicans de 80% para 51.9%, sugerindo um
relevante efeito dos IP do HIV sobre a colonizagdo oral. O presente estudo também
demonstrou a inibi¢do in vitro de hifas de Candida pelo ritonavir através do sistema bio cell
tracer, portanto enfatizando o efeito de inibidor de protease em um dos fatores de viruléncia

da Candida. Alguns dos agentes causadores de infeccdo flingica sofrem transformacgao
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morfolégica de suas formas saprofiticas de levedura-/ike para micélio (forma parasitica)
no tecido do hospedeiro. Este fendmeno de dimorfismo € um dos fatores mais importantes
da patogenicidade de alguns fungos. Fagocitose de C. albicans por granuldcitos ocorre
durante os estdgios iniciais da infec¢@o e durante os estdgios tardios a sua morte ocorre pela
atividade de macrofagos. Demonstrou-se que o camundongo nu/nu é mais susceptivel do
que o nu/+, indicando que a fagocitose tem relevante papel durante o inicio da infecc¢do e a
imunidade mediada por célula durante a fase tardia. A defesa no camundongo nu/nu
consiste principalmente de uma fase, fagocitose por granuldcitos. Deste modo, é provével
que a candidose em individuos infectados pelo HIV-1 pode ser causada por varios fatores:
interacdo direta entre as proteinas do envelope e C. albicans; alteracdes nos mecanismos

especificos e inespecificos de defesa do hospedeiro e viruléncia das cepas.

A protease do HIV pretence a mesma classe da protease aspartato de Candida,
que ¢ um importante fator de viruléncia da mesma (165, 166). Alteracdo na producdo de
protease de Candida também foi associada 4 ligagdao das proteinas do envelope do HIV a
superficie da célula fungica (22). Candida protease tem importante participa¢do nas etapas
iniciais da invasdo fuingica e na degradacdo da superficie epithelial (167, 168).
Considerando que C. albicans ¢ da mesma classe de protease do virus HIV a terapia com IP
parece estar afetando diretamente um dos fatores de viruléncia da Candida e
consequentemente modificando o perfil de colonizacdo oral. Este fato também se reflete na
sensivel reducdo da prevaléncia de manifestacdes orais associadas a AIDS, sobretudo na
candidose oral. Os dados desta investigacdo sdo compardveis aqueles observados em

adultos infectados pelo HIV sob terapéutica com IP (46).

Destaca-se portanto os resultados estatisticamente significativos da correlacao
entre isolados identificados nos grupos GI e GII, particularmente com aumento da
incidéncia de isolados Nao - albicans (p=0.005). No GI haviam 8 criancas que estavam
colonizadas por espécies Nao - albicans e no G2 haviam 20 criancas colonizadas com
1solados Nao - albicans. Entre as 8 criancas do GI quando avaliadas apds a introducao do IP
3 delas deixaram de carrear isolados Nao - albicans e 5 mantiveram a colonizagdo.
Quarenta e quatro criancas do G1 ndo estavam colonizados por isolados Nao - albicans e

29 destas criancas mantiveram o perfil ndo colonizados por Nao — albicans, e apds o uso de
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IP 15 criancas tornaram-se portadores de isolados Nao - albicans. Portanto do percentual
daqueles colonizados por ambas espécies (albicans e Nao — albicans) houve um acentuado

aumento (p=0.005) de 9.6% para 28.8%.

A presenca de isolados Nao-albicans pode ser conseqiiéncia da
imunodeficiéncia e da terapéutica com drogas. O estado de imunossupressdo pode facilitar
a colonizagdo por espécies menos virulentas, pois a capacidade de invasdo das mesmas €

facilitada (169).

Do total de 9 (17.3%) amostras de C. tropicalis 2 isolados (50%) estavam
prevalentes na categoria imunoldgica 1 (p=0.04). A literatura tem descrito que C. tropicalis
¢ uma das espécies patogé€nicas mais virulentas portanto a presenga de C. tropicalis em

criancas infectadas pelo HIV-1 mesmo em fases iniciais da doenga deveria ser monitorado.

De 52 criancas infectadas pelo HIV-1, sob terapia HAART, 230 isolados foram
obtidos de swab oral e cultivado em meio cromogénico. Quatorze espécies de Candida
foram identificadas no G2 e apenas 6 espécies no G1, mostrando um aumento significativo
da incidéncia de espécies Nao- albicans assim como alta diversidade. A segunda espécie
mais frequente era a espécie C. tropicalis (n=9, 17.3%) seguida da C. parapsilosis
(n=8, 15.4%). Uma observacdo interessante foi a auséncia de colonizacdo por espécie de
C. glabrata que € frequentemente isolada em pacientes HIV positivo. Enquanto o
1solamento de C. dubliniensis, espécie recentemente descrita e associada a infec¢do pelo
HIV (170), foi de baixa prevalécia 1.9% bastante baixa quando comparada com dados
europeus. A mais alta diversidade de espécies de Candida no G2, com identificacdo de
espécies raras, enfatiza uma possivel influéncia do uso de IP sobre fatores de viruléncia
particularmente na colonizacao por Candida. O uso de IP também parece estar associado ao
aumento da incidéncia de espécies Nao-albicans que apresentam baixa suscetibilidade a
antifiingicos, assim como aquisi¢do de novos isolados pelas criangas e comprometimento
do estado imunolégico. Portanto a mudanca no perfil de coloniza¢do por Candida no
grupos G1 a G2 enfatiza o provével efeito de HAART. A recorréncia de candidose oral

pode estar associada a espécies menos comuns que tém mostrado altos valores de MIC.
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Considerando serotipo de Candida albicans foi observado resultado
estatisticamente significativo (Teste McNemar p=0.005) no qual o serotipo-A foi o mais
frequente em ambos grupos. Antes do uso do IP haviam 48 criancas colonizadas com
Candida albicans-A e ap6s o uso de IP foi reduzido para 37 criangas, portanto uma reducio
de 92.3% para 71.2%. Interessantemente o serotipo-B foi encontrado apenas em 10 criancas

do GII.

A menor viruléncia dos isolados de C. albicans sorotipo B tem sido sugerida
(167, 171). O fato parece estar ligado a menor expressdo de Candida protease € menor
potencial de adesdo e invasao do epitélio da mucosa. O uso prévio de agentes antifliingicos
parece aumentar a capacidade de adesdo celular dos fungos (169), conseqiientemente

aumentando o potencial patogénico destes isolados.

A andlise da manifestacdo oral foi realizada apenas no G2. Todas as 20 criangas
estavam colonizadas por C. albicans e apenas 11 (55%) delas apresentavam cultura mista.
Alta prevaléncia de cultura mista sugere uma sensivel predisposicdo ao desenvolvimento de
candidose oral. Estes dados estdo de acordo com aqueles reportados por Moniaci et al.
(172) onde os autores relacionaram a recorréncia de candidose oral a mudanca do perfil de
colonizagdo por outras espécies de Candida diferentes da colonizac¢ado original. Embora nao
tenha sido comprovado algumas hipéteses tém sido sugeridas para a aquisi¢do de outras
espécies dentre elas re-infeccdo exdgena, selecdo de amostras resistentes a drogas
antifiingicas e adicionalmente espécies diferentes podem representar vdrias expressoes
fenotipicas do mesmo gendtipo. Estas variagdes fenotipicas podem ser devido a mudangas
na resposta imune local, varia¢des fisico-quimicas resultantes de terapia por drogas ou por
variacOes envolvendo a ecologia oral (173). Entretanto quando compara-se a prevaléncia de
candidose oral, da presente investigacdo aos dados descritos em estudos anteriores na
terapia HAART destaca-se uma acentuada reducdo de valores em torno de 80-90% na
prevaléncia de candidose oral em estudos prévios, contrastando aos 38.4% revelados em

nosso estudo.

Vinte oito criangas (53.8%) nao mostraram manifestacio oral, entretanto destas
28 criangas 19 eram colonizadas por Candida. Apenas 4 criangas mostraram manifestacao

oral ndo associada a Candida e entre aquelas 3 eram portadoras de Candida.
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Nas criangas sem nenhuma manifestacdo oral associada a Candida, 57.1%
(n=16) carreavam Candida albicans-A. Das criangas com candidose oral 90% (n=18) eram
portadores de isolados Candida albicans-A (p=0.033). A candidose oral ainda continua
sendo a manifestacdo oral mais frequente. Parece que o monitoramento de portadores de
isolados Candida albicans-A deveriam ser indicados para preven¢do do desenvolvimento

de candidose oral assim como provével progressdao da doenga.

Os resultados obtidos na correlac@o entre categoria imunoldgica e colonizacao
por Candida sugerem uma mudanca significativa na coloniza¢do ap6s o uso de inibidores
de protease particularmente para a categoria 3. Esta mudanca se reflete no aumento da
incidéncia de criancas (n=11, 21.1%) colonizadas por espécies Nao - albicans. Basicamente
a prevaléncia de colonizacdo por C. albicans nao variou entre os grupos GI e GII para as 3
categorias imunoldgicas. Mesmo criangas pertencentes as categorias 1 e 2 mostraram
colonizag¢do por Nao - albicans. Criangas pertencentes a categoria 3 apresentaram maior

susceptibilidade a candidose oral.

Portanto deve-se considerar que além das modificacdes na composi¢do da
microbiota associadas ao uso dos antiretrovirais, também foram reportadas alteracdes nos
fatores de viruléncia (174, 175). Isolados de Candida oriundos de pacientes infectados pelo
HIV (que nao estavam sob terapéutica com inibidores de protease) apresentavam maior
atividade de protease do que isolados de individuos ndo infectados pelo HIV (70). Portanto,
a terapéutica antiretroviral com inibidores de protease pode ter exercido efeito antifingico
sobre as espécies produtoras de protease e reduzido seu potencial de viruléncia,
possibilitando a emergéncia de espécies nao produtoras de protease como a

C.krusei, C. parapsilosis, C. guilliermondii (168).

Apesar da alta sensibilidade dos isolados as drogas testadas no presente estudo,
4.4% (n=2) exibiram resisténcia ao fluconazole sendo que um dos isolados (C. albicans-B)
demonstrou resisténcia cruzada a 9 agentes antifingicos e foi sensivel apenas ao
voriconazol. O presente resultado sugere a necessidade de investigacdo mais extensa dos
diferentes mecanismos de resisténcia que podem estar envolvidos. Segundo histéria médica

da crianga a mesma ndo recebeu tratamento com quaisquer com azoles previamente.
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A maioria dos isolados C. albicans-A foi susceptivel aos azoles testados exceto
para o miconazole para o qual 9 isolados de C. albicans-A mostraram ser resistentes.
Susceptibilidade antifingica em isolados Nao - albicans varia significantemente em
contraste com C. albicans. Algumas espécies sdo resistentes primariamente como 75% dos
isolados C. krusei, 35% de C. glabrata, 10-25% de C. tropicalis e C. lusitaniae (48).
Neste estudo entre os isolados Nao - albicans a maioria apresentou sensibilidade as drogas
testadas. Entretanto um isolado de C. tropicalis foi resistente ao fluconazol
(MIC > 64 ul/ml). Um isolado de C. norvegensis mostrou baixa sensibilidade aos azoles
testados. Considerando que a recorréncia de candidose oral pode estar associada a espécies
menos comuns que tem apresentado altos valores de MIC portanto a presenca de espécies
raras em criangas infectadas pelo HIV-1 mesmo em fases iniciais da doenca deve ser
cuidadosamente monitorado. Muitos estudos sobre colonizagdo e manifestagdes orais
associadas ao HIV-1 tém sido realizados em adultos, apenas um pequeno numero de
estudos avaliam a patologia oral em criangas. Esta investigacdo potencialmente mostrou a
influéncia do uso de terapéutica com Inibidores de Protease sobre a colonizag¢do oral por
Candida em criancas infectadas pelo HIV-1. O presente estudo também revelou a
emergéncia evidente de espécies Nao - albicans que tem sido fortemente associada a
quadros de recorréncia de candidose oral e resisténcia de isolados de Candida oral.
Também foi evidente a reducdo da prevaléncia de manifestagdes orais associadas a

colonizagdo por Candida ap6s a introdugdo dos Inibidores de Protease.
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O presente estudo revelou mudanga significativa na coloniza¢do oral por
Candida em criancas infectadas pelo HIV-1 sob terapia HAART incluindo

inibidores de protease.

Alta diversidade de espécies de Candida, com emergéncia de espécies

Nao- albicans apds o uso de inibidores de protease.

Manifestagao oral associada a colonizacdo mista por espécies de Candida.

Variabilidade na susceptibilidade aos agentes antifungicos testados.
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ANEXOS 1

Caracterizacao da Flora Oral de Criancas fazendo uso de Inibidores de Protease

HC: DATA: / / NLAB:
Nome: CIPED
Natural.: (_)|DataNasc.:_/ __/___Idade(___) |Sexo Mo Fo |Cor: Bo No Po Oo

CDC: Alo A20 A30 C40 Deso

CDC: Blo B2o B30 B4o

CDC: Clo C20 C30 C4o

HISTORIA ODONTOLOGICA - PRIMEIRA CONSULTA

So No NSo Algum problema na boca? Qual?
So No NSo Ja sofreu doenca bucal? Qual?
So No NSo Tipo de HBucal? Vezes/dia____ ?Como_____?
Aprendeu com: Familiao Dentistao Outroso.
So No NSo Vai regularmente ao dentista?
Quantas vezes por ano? ___.
Ultima visita foia____meses.
Qual foi o motivo?
So No NSo Queixas Orais? Sente boca seca?

Doengas Oportunistas:

DATA PROTOZOARIOS | FUNGOS VIRUS INFECCOES
Criptosporidiasep Histoplasmosep Citomegalovirusp TRS: Otites p
P.carinii p Criptococosep Herpes simplesp Sinusites p
Isosporiasep Candidose Oralp Herpes zosterp Amigdalites p
Toxosplamosep Cand.Esofagianap | Leucoplasia pilosap TRI: Pneumonias p
outrosp Varicela p Outros Micobacteriasp

DATA Outras Doencgas

MEDICACAO UTILIZADA:

So No NSo Faz uso de medicamentos

So No NSo Toma medicagdo com supervisio

So No NSo Toma medicagdo sem supervisio
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MEDICAMENTOS:

DATA/2000

DOSE

DATA/1999

DOSE

DATA/1998

DOSE

MD 1:

MD 2:

MD 3:

MD 4:

MD 5:

MD 6:

MD 7:

MD 8:

Caracterizacio da Flora Oral de Criancas fazendo uso de Inibidores de Protease

M

DATA

DATA

DATA

DATA

DATA

CDh3

CDh 4

CD 8

CV log

Copias/ml

Hemograma:

DATA

DATA

DATA

DATA

DATA

Hb g/dl

VCM

LEU

NT

LINF

PLQ

Swab Oral

data

I/

CHROMagar P1:

CHROMagar P2:

Contagens

Placa 1:

Placa 2:

Total:

Média:

Resultado:

UFC’s/ml de saliva
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DATA

SAMPLE Numero LAB

CHROMagar
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AVALIACAO DA MUCOSA BUCAL-

Afta menorp

Amigdala lingual hipertréficap

Anquiloglossiap

Aumento inespecifico de glandula salivarp

Candidose eritematosap

Candidose hipertréficap

Candidose pseudomembranosap

Despapilagio lingual acentuadap

Despapilag@o lingual localizadap

Eritema gengival linearp

Estomatite dlceronecrosantep

Gengivite tlceronecrosantep

Glossite romboidal medianap

Hemangiomap

Herpes simples recorrentep

Herpes zosterp

Hiperplasia fibrosa néo associada a PT(fibroma)p

Infeccdo bacteriana Actinomycesp

Infecgdo bacteriana - Enterobacterp

Infeccido bacteriana Escherichia colip

Infeccdo bacteriana Klebsiella pneumoniaep

Infeccdo bacteriana Mycobacterium aviump

Infecgdes flingicas (exceto Candida) p

Leucoedemap

Leucoplasia pilosap

Linfoma nao-Hodgkinp

Lingua fissuradap

Lingua geograficap

Lingua pilosap

Lingua saburrosap

Liquen planop

Molusco contagiosop

Neuropatatia do trig€miop

Papilomap

Parestesiap

Parotidite recorrentep

Periodontite Ulcero Necrosantep

Pigmentagdo exdgena na mucosa bucalp

Pigmenta¢do melanica (Addison/MD)p

Pigmentagao melanica idiopaticap

Pigmenta¢do melanica racialp

Purpura trombocitopénicap

Queilite angularp

Queratose reacional (traumatica)p

Sarcoma de Kaposip

Sinusitep

Toro mandibularp

Toro palatinop

Ulcera inespecificap

Ulcera inespecifica do HIVp

Ulcera por CMVp

Ulceragao traumadticap

Xerostomiap

Outrasp (citar)
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ANEXOS 2

PESQUISA CLINICA
TITULO: Caracterizacdo da Flora Oral de Criancas fazendo uso de Inibidores de Protease

PESQUISADORES: Nadja Rodrigues de Melo e Maria Marluce dos Santos Vilela - Faculdade de
Ciéncias Médicas (FCM) - UNICAMP

LOCAL: FCM e Centro de Investigacao Pediatrica (CIPED) - UNICAMP

1. INTRODUCAO: As informacgdes a seguir descreverdo esta pesquisa e o papel que vocé terd
como participante. Os pesquisadores responsdveis pelo estudo responderdo a quaisquer perguntas
que vocé possa ter sobre este termo e sobre o estudo. Por favor, leia-o cuidadosamente, e nao hesite

em perguntar qualquer coisa sobre as informagdes abaixo.

2. PROPOSITO: Vocé estd sendo convidado a participar de uma pesquisa clinica cujo objetivo é
caracterizar a flora bucal de criancas HIV+ fazendo uso de inibidores de protease. determinar os
fatores locais e sistémicos em pacientes HIV+, associados a presenca de diferentes espécies de
Candida na saliva, assim como a quantidade, permitindo uma provavel identificagdo dos pacientes
mais predispostos ao desenvolvimento de candidose, facilitando a prevengdo e tratamento desta
freqiiente infeccdo. Para vocé decidir se deseja ou ndo participar deste estudo de pesquisa, vocé
deve entender o suficiente para fazer uma decisdo consciente. Este processo é conhecido como

consentimento informado.

3. RETROSPECTIVA: Candidose bucal e faringea é a infec¢dio oportunista mais comum em
pacientes HIV+. Embora a candidose bucal ndo seja uma condi¢do que per si defina o estado do
paciente HIV+, ela reflete uma queda do sistema imune e o agravamento da doenca. Candidose
pode apresentar-se como uma lesdo vermelha ou branca evidente e pode causar importante
desconforto bucal. O portador assintoméatico do HIV pode ser cultura positiva para Candida, ainda
que ndo apresente sinais clinicos e sintomas da infec¢do. Em individuos imunocomprometidos a
candidose bucal pode conduzir a envolvimentos extensivos e infec¢do sistémica resultando até em
morte. Devido a importancia e prevaléncia da candidose, o diagnéstico e o controle da infecc¢io sdo

essenciais.
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4. DESCRICAO DO ESTUDO: Irio participar deste estudo, aproximadamente 100 pacientes, que
estdo sendo acompanhados pelo Grupo de Pesquisa em DST (GPD) da UNICAMP. Os pacientes
que concordarem participar da pesquisa foram examinados clinicamente, entrevistados e foram
coletadas amostras de saliva total. As coletas e exames foram realizados mensalmente, por um ano,
durante as visitas de rotina ao GPD, ndo interferindo nos atendimentos médicos e nio exigindo
visitas adicionais. Cada coleta de saliva total durard cerca de 5 minutos e o método de coleta
utilizado nao € invasivo e nem acarreta qualquer dor, risco, custo ou dano imediato ou tardio ao
paciente. Outros métodos de coleta possiveis de saliva sdo mais desconfortdveis e demorados. Nao
foram realizadas intervencdes terapéuticas durante o periodo de estudo, exceto as realizadas pela

equipe médica.

5. DESCONFORTO, RISCOS E BENEFICIOS ESPERADOS: O método de coleta salivar
utilizado e o exame clinico aos quais os participantes da pesquisa foram submetidos sdo
atraumaticos, ndo invasivos e ndo acarretam qualquer dor, risco, custo ou dano imediato ou
potencial ao participante. Por outro lado oferecem elevada possibilidade de gerar conhecimento para
compreensio, diagndstico, prevencdo ou alivio desta infec¢do fingica, que afeta o bem-estar e a
sobrevida dos participantes desta pesquisa e de outros individuos. Uma identificagdo precoce de
pacientes predispostos ao desenvolvimento de candidose, através da correlagdo entre quantificagdo,
identificacdo das espécies, manifestacdo oral e marcadores laboratoriais associados ao HIV, podera
permitir o diagndstico em fases iniciais, possibilitando o tratamento e até mesmo a prevencgdo desta
freqiiente infec¢do, resultando em beneficio na qualidade de vida e sobrevida dos participantes da

pesquisa e de outros pacientes com perfil imunolégico similar.

6. ALTERNATIVAS: Outros métodos possiveis de coleta salivar ndo permitiriam ou dificultariam
sobremaneira a determinacdo do fluxo salivar, como por exemplo o uso do lavado bucal ou swab
(cotonete), ou seriam mais desconfortiveis e dispendiosos, como por exemplo a coleta com

aparelhos especialmente desenvolvidos para coletas de parétida ou pipetas.

7. EXCLUSOES: Nio hi critérios de exclusdo no grupo desta pesquisa. Eventuais exclusdes foram

realizadas pelo GPD, por razdes relacionadas com o préprio protocolo de pesquisa MK-639.

8. COMPENSACAO: Nio existem danos imediatos ou futuros previsiveis decorrentes da pesquisa,
e portanto a mesma nao inclui a possibilidade de indenizagdo, sendo esta prevista apenas no

protocolo MK-639 e por razdes exclusivas do mesmo, como ja foi referido no item anterior.
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9. CONFIDENCIALIDADE DOS REGISTROS: Vocé tem direito a privacidade e toda
informacao que for obtida em relacdo a este estudo permanecerd confidencial nos ambitos possiveis
da lei, assegurando protecdo de sua imagem, sigilo e respeitando valores culturais, sociais, morais,
religiosos e éticos. A menos que a revelacdo seja exigida por acdo legal ou regulatéria, todos os
esforcos foram feitos para protegé-lo de ser identificado pessoalmente. Como condi¢do de sua
participacdo nesta pesquisa, voc€ permite acesso aos dados obtidos durante o estudo, aos
pesquisadores envolvidos neste estudo, aos membros da Comissio de Etica responsdveis pela
andlise do projeto e a agéncia financiadora. Os resultados deste projeto de pesquisa poderdo ser
apresentados em congressos ou em publicacdes, porém sua identidade ndo foi divulgada nessas

apresentacoes.

10. DIREITO em PARTICIPAR, RECUSAR ou SAIR: Ao participar, vocé concorda em
cooperar com os procedimentos que foram executados e que foram descritos acima, ndo abrindo
mao de seus direitos legais ao assinar o termo de consentimento informado. Sua participa¢io neste
estudo € voluntdria e vocé€ poderd recusar-se a participar ou poderd interromper sua participacao a
qualquer momento sem penalidades ou perda dos beneficios aos quais de outra forma tenha direito.
O pesquisador tem o direito de desligd-lo do estudo a qualquer momento que julgar necessério. Se
vocé sair voluntariamente ou for retirado pelo pesquisador, podera ser solicitado que volte para

eventuais coletas de amostras de saliva.

11. CONTATOS: Se ainda houver qualquer duvida sobre o estudo vocé poderd receber mais
esclarecimentos falando o Prof. Jacks Jorge por telefone (019) 430.5313, por e-mail
admfop @turing.unicamp.br ou por carta: caixa postal 52, CEP 13414-018, Piracicaba - SP. Vocé
poderd também discutir seus direitos como paciente de pesquisa com o presidente da Comissdo de

Etica da FOP/UNICAMP, o Prof. Anténio Bento de Moraes, pelo telefone (019) 430.5275.
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CONSENTIMENTO DO PACIENTE

Li a descricao do estudo de pesquisa clinica, que foi explicado dentro da minha
compreensdo e também conversei sobre este estudo com o pesquisador até minha completa
satisfacdo. Compreendo que minha participagdo é voluntdria e que posso sair a qualquer
momento do estudo, sem prejudicar ou influenciar os resultados. Confirmo também que
recebi cOpia deste termo de consentimento.

Autorizo a liberacdo dos dados obtidos neste estudo aos pesquisadores, aos
membros da comissdo de ética e a comissdo cientifica da FAPESP, assim como a
publicacdo em revistas cientificas especializadas e apresentagdo em congressos e jornadas

cientificas.

*Nao assine este termo se ndo tiver tido a oportunidade de fazer perguntas e tiver recebido

respostas satisfatorias a todas elas.

Assinatura do Paciente - Data / / 1998

PESQUISADORES:

Nadja Rodrigues de Melo

Maria Marluce dos Santos Vilela

Faculdade de Ciéncias Médicas (FCM) - UNICAMP
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S"C). COMITE DE ETICA EM PESQUIS:
— =) Caixa Postal 611
N 13083-970 Campinas, S
LUNICAMP ' (0 19) 3788-893

fax (0__19) 3788-892

B cepdnezd.fcm.unicamp.t

CEP, 19/02/02
(Grupo I1I)
PARECER PROJETO: N°350/2001

I-IDENTIFICACAO:

PROJETO: “IDENTIFICACAO DE LEVEDURAS DE CAVIDADE ORAL DE
CRIANCAS INFECTADAS PELO HIV-1, ANTES E DURANTE O USO DE
INIBIDOR DE PROTEASE”

PESQUISADOR RESPONSAVEL: Maria Marluce dos Santos Vilela
INSTITUICAO: Centro de Investigagdo Pediatrica (CIPED) FCM - UNICAMP

APRESENTACAO AO CEP: 30/11/2001

I - OBJETIVOS

Isolar e identificar a espécie da coloniza¢do fungica da cavidade oral de criangas
infectadas por transmissdo vertical, antes ¢ apos o tratamento com inibidor de
protease.Isolar e identificar leveduras da cavidade oral em criangas infectadas pelo HIV-1,
antes e durante o tratamento HAART (highly active antiretroviral therapy).Avaliar a
capacidade de killing dos granulocitos de criangas infectadas pelo HIV-1 para espécies
patogénicas de Candida isoladas da cavidade oral Relacionar a colonizagdo com o uso de
drogas antiretrovirais e com 0S marcadores de evolugdo da infecgdo pelo HIV-1, tais como:
hemograma, carga viral e contagem de células T-CD4+. Avaliar o efeito in vitro dos agentes

antifitngicos, em espécies de Candida isoladas da cavidade oral.

Il - SUMARIO

Criancas infectadas pelo HIV-l.em tratamento antiretroviral no Setor de
imunologia-Alergia ¢ Pneumologia do Depto. De Pediatria da FCM UNICAMP. Os
pacientes serdo divididos em dois grupos. a saber: Grupo I — material coletado antes do u
so do inibidor de protease e grupo II - Material coletado durante o uso de IP.Os isolados
clinicos a serem usados neste estudo serdo obtidos atraveés de swab oral das criangas.O
método da coleta salivar utilizado e o exame clinico aos quais os participantes da pesquisa

serio submetidos sao atraumaticos, ndo invasivos ¢ nao acarretam qualquer dor, risco, custo

ou dano imediato ou potencial ao paciente.

IV - COMENTARIOS DOS RELATORES
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A metodologia ¢ adequada e bem elaborada, assim COIMY ds CULUILUES UC 1CaliLayay
do estudo. O projeto apresenta boa estrutura € tem justificativa adequada. O termo de

~onsentimento ¢é elucidativo e claro para os participantes.

V - PARECER DO CEP

O Comité de Etica em Pesquisa da Faculdade de Ciéncias Médicas da UNICAMP,
apOs acatar 0s pareceres dos membros-relatores previamente designados para o presente
~acq e atendendo todos os dispositivos das Resolugdes 196/96 e 251/97, bem como ter
aprovado o Termo do Consentimento Livre e Esclarecido, assim como todos 0s anexos
ncluidos na Pesquisa, resolve aprovar sem restricdes o Protocolo de Pesquisa supracitado.

vl - INFORMACOES COMPLEMENTARES

O sujeito da pesquisa tem a liberdade de recusar-se a participar ou de retirar seu
-onsentimento em qualquer fase da pesquisa, sem penaliza¢do alguma e sem prejuizo a0
seu cuidado (Res. CNS 196/96 — Item IV.1.f) e deve receber uma copia do Termo de

~onsentimento Livre e Esclarecido, na integra, por ele assinado (Item IV.2.d).
Pesquisador deve desenvolver a pesquisa conforme delineada no protocolo

iprovado e descontinuar o estudo somente apos analise das razdes da descontinuidade pelo
CEP que o aprovou (Res. CNS Item TIL.1.z). exceto quando perceber risco ou dano ndo
yrevisto ao sujeito participante ou quando constatar a superioridade do regime oferecido a
1m dos grupos de pesquisa (Item V.3.).

O CEP deve ser informado de todos os efeitos adversos ou fatos relevantes que
Jterem o curso normal do estudo (Res. CNS Item V.4.). E papel do pesquisador assegurar
nedidas imediatas adequadas frente a evento adverso grave ocorrido (mesmo que tenha
ido em outro centro) e enviar notificagao ao CEP e a Agéncia Nacional de Vigilancia
sanitaria — ANVISA — junto com seu posicionamento.

Eventuais modificacdes ou emendas ao protocolo devem ser apresentadas ao CEP
le forma clara e sucinta, identificando a parte do protocolo a ser modificada e suas
ustificativas. Em caso de projeto do Grupo I ou Il apresentados anteriormente a ANVISA,
y pesquisador ou patrocinador deve envia-las também a mesma junto com O parecer
iprovatorio do CEP, para serem juntadas ao protocolo inicial (Res. 251/97, Item II1.2.e)

Relatorios parciais e final devem ser apresentados ao CEP, de acordo com 0s prazos

stabelecidos na Resolugdo CNS-MS 196/96.
Atencio: Projetos de Grupo I serdo encaminhados a CONEP e s6 poderio ser

niciados apés Parecer aprovatério desta.

/T1 - DATA DA REUNIAO

Homologado na IT Reunido Ordinaria do CEP/FCM, em 19 de fevereiro de 2002.

Profa. Dra. QM Bertuzzo

VICE-PRESIDENTE do COMITE DE ETICA EM PESQUISA

e I TTARTITA ALY
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