Diversidade genética e suscetibilidade antifingica de cepas
ambientais e clinicas de Cryptococcus neoformans e

Cryptococcus gattii no Brasil

LUCIANA TRILLES

Tese submetida a Coordenagdo do Curso de Pos-
Graduacdo de Pesquisa Clinica em Doengas Infecciosas
— IPEC/FIOCRUZ, como parte dos requisitos para
obtencao do grau de Doutor.

Orientadores: Prof. Dra. Marcia dos Santos Lazéra
Prof. Dr. Wieland Meyer

Rio de Janeiro — RJ
2008



i

T829 Trilles, Luciana

Diversidade genética e suscetibilidade antifungica de cepas
ambientais e clinicas de Cryptococcus neoformans e Cryptococcus gattii
no Brasil / Luciana Trilles. - Rio de Janeiro, 2008.

viii, 121f.: il.; 30cm.

Tese (doutorado) - Instituto de Pesquisa Clinica Evandro Chagas,
Pesquisa Clinica em Doengas Infecciosas, 2008.
Bibliografia: f. 111-121

1. Cryptococcus neoformans. 2. Cryptococcus gattii. 3.
Epidemiologia molecular. 4. Suscetibilidade Antifungica. 5. “Rolling
Circle Amplification”. I. Titulo.

CDD 579.55




il

LUCIANA TRILLES

Diversidade genética e suscetibilidade antifingica de cepas
ambientais e clinicas de Cryptococcus neoformans e

Cryptococcus gattii no Brasil

Tese apresentada ao Curso de Pos-Graduagdao de
Pesquisa Clinica em Doencas Infecciosas —
IPEC/FIOCRUZ, para a obten¢ao do grau de Doutor.

Orientadores: Dra Marcia dos Santos Lazéra

Prof. Dr. Wieland Meyer
Aprovada em 12 de margo de 2008
Banca examinadora

e Dra. Rosely Zancopé Oliveira (presidente) — Instituto de Pesquisa Clinica Evandro
Chagas (IPEC) / FIOCRUZ

e Dra. Liane de Castro — Instituto de Pesquisa Clinica Evandro Chagas (IPEC) /
FIOCRUZ

e Ricardo Igreja — Hospital Universitario Clementino Fraga Filho (HUCFF) / UFRJ

e Cintia de Moraes Borba — Instituto Oswaldo Cruz / FIOCRUZ

e Armando de Oliveira Schubach - Instituto de Pesquisa Clinica Evandro Chagas (IPEC)
/ FIOCRUZ



v

Aos meus pais pelo apoio incondicional.

A Deus pelas oportunidades.



Agradecimentos:

A Marcia dos Santos Lazéra, apds todos esses anos trabalhando juntas, ndo a vejo somente
como orientadora, mas também como uma grande amiga, sabendo como ninguém orientar e

direcionar minha tese.

Ao Wieland Meyer, primeiramente agradeco pelo convite para realizar uma parte importante
da tese em seu laboratdrio, agradeco também pela amizade e paciéncia dispensada e por tentar
me ensinar mais do que biologia molecular. Agradeco também aos seus estudantes e técnicos
Alejandro, Sirada, Popchai, Krystyna, Nathalie e Clement pelo carinho, amizade e pela
valiosa ajuda nos trabalhos de bancada na parte de biologia molecular.

Ao Josep Guarro pela oportunidade de aprender sobre sensibilidade antifingica e realizar
parte da tese em seu laboratorio e, também, a seus estudantes Belkis, Montserrat Ortoneda e
Carolina Serena pela amizade e conhecimentos compartilhados.

Ao Bodo Wanke pelo carinho e pelos valiosos ensinamentos de todos esses anos.

A Marilia Martins Nishikawa pela realizagdo dos testes bioquimicos para a identificagdo dos

isolados, por estar sempre disposta a ajudar quando precisamos.

A Glaucia Gongalves Barbosa pelo apoio constante no laboratério, pela grande amizade e

paciéncia e, por aceitar a “queima de seus carmas” comigo.

A Claudia, Bernardina, Gabi e Erika, agradeco o apoio e amizade.

A Fundagdo CAPES pelo apoio financeiro.

A todos, minha sincera gratidao.



vi

RESUMO

A criptococose representa importante problema de saGide péblica no Brasil. E micose de
carater sistémico, causada por espécies do ‘“complexo Cryptococcus”: Cryptococcus
neoformans (Cn) e Cryptococcus gattii (Cg). Cn é cosmopolita, causando principalmente
meningoencefalite em hospedeiros imunodeprimidos. J& Cg causa meningite e pneumonia
fingica em hospedeiros imunocompetentes de areas tropicais e subtropicais, com expressiva
letalidade no Brasil (56%). Técnicas moleculares permitem identificar espécies e os principais
tipos moleculares destes agentes, VNI, VNII, VNIII, VNIV (Cn) e VGI, VGII, VGIII e VGIV
(Cg). O tipo VNI ¢ oportunista e predominante em todo mundo, associado a AIDS e outras
condi¢des de imunodepressao; VGI € o tipo molecular de Cg mais comum no mundo, porém
VGII parece ser o mais virulento, sendo o agente da unica epidemia de criptococose em
humanos e animais j4 relatada, e que ainda se encontra em evolu¢do no Canada. O objetivo
deste trabalho foi realizar estudo do perfil de sensibilidade antifiingica e genotipico de
isolados brasileiros de Cn e Cg. O método de microdiluicdo em caldo foi utilizado para os
testes de suscetibilidade antifungica de 30 Cn e 57 Cg frente a 9 drogas. A tipagem molecular
foi realizada por “PCR fingerprinting” e URA5-RFLP, o tipo sexuado foi determinado por
PCR com primers especificos do gene de feromonio, e isolados atipicos foram caracterizados
pela técnica de RCA (“Rolling Circle Amplification”). Cg demonstrou ser menos suscetivel
do que Cn frente a 7 das 9 drogas testadas. Testes in vitro de associa¢do de micafungina com
azois demonstraram potencializacdo da atividade das drogas com possivel aplicacdo em
esquemas terapéuticos combinados. No Brasil, de 320 isolados Cn analisados, VNI
predominou (88,4%), ocorrendo em todas as regides, principalmente associado a AIDS. Com
relacdo a 123 isolados Cg, predominou o tipo molecular VGII (74,8%), o principal agente da
criptococose primaria. J& o VGI, o mais comum no mundo, ocorreu somente nas regides S e
SE do pais (12,2%). Considerando a recente emergéncia do VGII em regides temperadas
(Canadd), torna-se necessario o continuo monitoramento regional dos tipos moleculares
circulantes no Brasil, bem como a identifica¢do de surtos de criptococose em humanos. Nova
técnica molecular RCA, permitiu a rapida identicagdo de Cn e Cg, bem como distingao de

alguns tipos moleculares e de isolados hibridos AD e possiveis hibridos AB.
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ABSTRACT

Cryptococcosis, an important public health problem in Brazil, is a systemic mycosis caused
by two species of the Cryptococcus neoformans complex: Cryptococcus neoformans (Cn) and
Cryptococcus gattii (Cg). While Cn is cosmopolitan, causing meningoencephalitis mainly in
immunocompromised hosts, Cg causes pneumonia and meningitis predominantly in
immunocompetent hosts in tropical and subtropical areas, exhibiting high lethality rates in
Brazil (56%). Both species and the 8 major molecular types, VNI, VNII, VNIII, VNIV (Cn)
and VGI, VGII, VGII, VGIV (Cg) can be identified by molecular techniques. VNI is
oportunistic and predominates worldwide, assocoiated to AIDS and other
immunodeficiencies; VGI is the most common Cg molecular type, but VGII seems to be the
most virulent and has been identified as the agent of the only reported human and animal
outbreak of this mycosis, which is still ongoing in the Vancouver Island, Canada. The aim of
this study is to determine the antifungal susceptibilities and the genotypes of Brazilian Cn and
Cg isolates. Antifungal susceptibility tests of 30 Cn and 57 Cg against 9 drugs were carried
out using the microdilution method. The molecular typing was performed by PCR
fingerprinting and URAS-RFLP techniques. PCR using pheromone specific primers identified
the mating types and atypical isolates were characterized by RCA (“Rolling Circle
Amplification”). Cg showed to be less susceptible than Cn against 7 out of 9 drugs tested.
Combination in vitro of micafungin with azoles showed synergy and thus, a possible
therapeutical applicability. Out of the 320 Brazilian Cn isolates analyzed, VNI predominated
(88.4%), occurring in all regions associated to AIDS. Among the 123 Cg isolates analyzed,
VGII predominated (74.8%), being the principal agent of primary cryptococcosis by Cg in the
N and NE regions of Brazil. Although VGI is the most common worldwide, it occurred only
in the S and SE regions of the country (12.2%). Considering the recent VGII emergence in
temperate climates (Canada), it is important to monitor continuously the regional pattern of
molecular types present all over the country, allowing the identification of outbreaks of
cryptococcosis. The new RCA molecular technique permitted quick identification of Cn and
Cg, as well as distinguishing some molecular types and some AD hybrid isolates and possibly

AB hybrids.
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1- INTRODUCAO

A criptococose representa importante problema de saude publica no Brasil. E doenga
geradora de problema social grave devido a seqiielas incapacitantes, como a perda ou redugao
da visao e hidrocefalia (Rozembaum e col.,, 1992, Netto e col.,, 1993). A falta de
conhecimento do espectro desta micose e as dificuldades laboratoriais levam a equivocos de
diagnostico ou diagnostico tardio. Por outro lado, a criptococose ndo esta sujeita a notificacao

compulsoéria o que implica no desconhecimento da magnitude do problema.

O presente trabalho ¢ uma continuagdo e aprofundamento da pesquisa que resultou na
Dissertacdo de Mestrado (Trilles, 2000), onde se iniciou a idéia de se aplicar ferramentas
moleculares para a tipagem dos agentes da criptococose. Neste segundo trabalho, analisamos
os dois agentes da criptococose, porém foi dada maior énfase a espécie C. gattii, pois a
mesma era considerada uma variedade dentro da espécie C. neoformans. Entretanto, muitas
diferencas sdo observadas entre os dois microrganismos, inclusive de resposta clinica a
tratamentos antifungicos. Por ser mais comum, C. neoformans quase sempre serve de modelo
de estudo da espécie, sendo que C. gattii permanence com o conhecimento restrito quanto a

patogenicidade, fatores de viruléncia e sensibilidade antifingica.

Desenvolvemos um estudo de enfoque nacional, para contribuir na melhor
compreensdo das caracteristicas fenotipicas que envolvam fatores de patogenicidade de cepas
clinicas e ambientais de C. neoformans e C. gattii de diversas regides do Brasil, incluindo
cepas de jovens e criancas da regido do semi-arido e de transi¢cdo para a Amazodnia (Piaui e
Maranhao) e identificar perfis de sensibilidade a varios antifungicos em testes in vitro, além
de comparar tais perfis fenotipicos aos genotipicos. Nossos trabalhos evidenciaram a presenga
de isolados ambientais de C. neoformans sorotipo D MATa relacionados a toca de tatu e a oco
de cassia no Piaui. Sao achados raros e inéditos, objetos de publicagdes recentes, (Trilles e

col., 2003; Nishikawa e col., 2003) e denotam peculiaridades regionais pouco conhecidas.

Optamos por apresentar a tese na forma de quatro artigos cientificos, dois como

primeira autora ¢ dois como co-autora. Os artigos estdo compilados dentro da formatagao



exigida por cada um dos periddicos cientificos em que foram publicados ou enviados para

publicacao.



2.- REVISAO DE LITERATURA

2.1- HISTORICO DA CRIPTOCOCOSE

A criptococose foi descrita pela primeira vez em 1894, a partir de caso humano com
historico de linfoadenomegalia e ulcera tibial. Apos visualizagdo de leveduras em corte
histologico, a doenga foi denominada Saccharomycosis hominis. O primeiro isolamento
ambiental do agente da criptococose ocorreu no mesmo ano. A levedura foi isolada de suco de
péssego por Sanfelice, que pensou que tais leveduras pudessem produzir tumores
cancerigenos, denominando o agente de Saccharomyces neoformans. Em 1896, Curtis
identificou a levedura como Megalococcus myxoides a partir de um caso humano de infecgao
na virilha e posterior 6bito por infecgdo do sistema nervoso central (SNC). Mais tarde, apds
experimentos com animais em laboratério, a levedura foi denominada S. subcutaneous
tumefaciens, por terem sido visualizadas lesdes granulomatosas em forma de tumores. Em
1901, Vuillemin renomeou o organismo como Cryptococcus hominis, pois ndo havia a
formagédo de ascosporos como em Saccharomyces spp. Stoddard e Cuttler (1916) descreveram
dois casos de meningite e, em analise de exames histopatoldgicos, foi visualizada regido clara
ao redor das leveduras, a qual foi interpretada como evidéncia de lise celular, o que fez com
que o agente fosse denominado Torula histolytica. Em 1935, Benham realizou estudos de
morfologia, fermentacdo, patologia e sorologia em numerosas leveduras, dentre as quais, 22
tinham sido identificadas como Cryptococcus, Saccharomyces e Torula. Tais leveduras foram
renomeadas e reunidas em um so género e espécie, C. hominis, com duas variedades. Evans,
em 1949, verificou diferengas na imunogenicidade de diferentes cepas, sendo identificados os
sorotipos A, B e C. Por volta do ano de 1950, Benham propds o nome C. neoformans como
nome conservandum, tanto para isolados ambientais como para clinicos, encerrando a
confusdo em torno da terminologia até¢ entdo usada para casos de criptococose, como doenga
de Busse-Buschke, blastomicose, torulose e saccharomicose. Em 1970, cepas atipicas de C.
neoformans foram identificadas como uma nova variedade por Vanbreuseghem & Takashio,

C. neoformans var. gattii. Até¢ 1950, os relatos de criptococose aumentaram, em parte devido



ao maior conhecimento sobre o patégeno, mas principalmente pelo aumento da populagao

imunocomprometida.

Progressivamente identificada como causa de pneumonia, meningoencefalite, assim
como outras formas disseminadas, a criptococose foi reconhecida como importante infec¢ao
oportunista, relacionada a transplantes renais, linfomas e outras condi¢des de imunodepressao
celular (Rozenbaum & Gongalves, 1992; Kwon-Chung e col., 1994), o que fez com que, na
década de 80, a Organiza¢do Mundial de Saide (OMS) considerasse a idéia de que a presenca

de meningite criptocdcica seria suficiente para diagnosticar a AIDS (WHO, 1986).

A incidéncia da criptococose aumentou drasticamente nas ultimas décadas como
conseqiiéncia da Sindrome da Imunodeficiéncia Adquirida (AIDS), a qual tem contribuido
para aproximadamente 80 a 90% dos casos de criptococose. Antes da introducdo da terapia
HAART, a criptococose ocorria em cerca de 5 a 30% dos casos de AIDS como infec¢do
oportunistica e como importante causa de letalidade, ao lado de toxoplasmose, pneumocistose
e micobacterioses (Kovacs e col., 1985; Kwon-Chung & Bennett, 1992, Igreja e col., 2004). O
historico foi baseado em uma coletdnea de dados dos seguintes livros: Kwon-Chung &

Bennett, 1992; Casadevall & Perfect; 1998; Cox & Perfect 1998.

2.2- TAXONOMIA

A sistemdtica bem como a taxonomia dos fungos patogé€nicos possui grande
importancia, tanto académica quanto pratica, pois a posi¢ao exata dos fungos na classificagao
informa as caracteristicas do microrganismo, permitindo encaminhar com maior
confiabilidade o melhor esquema terapéutico ou profilatico a ser utilizado. Porém, as opinides

diferem quanto a definicao de espécie.

2.2.1- Conceitos de espécie

Tem havido muitas controvérsias quando o assunto ¢ a quantidade de espécies dentro
de C. neoformans, uma, duas, trés ou até mesmo oito espécies, dependendo da opinido do
taxonomista quanto a defini¢do mais apropriada de espécie. Os conceitos de espécie mais

comumente utilizados sdo: Conceito morfologico (fenotipico) de espécies (MSC); conceito



biologico de espécies (BSC); e conceito filogenético de espécie (PSC). A realidade ¢ que
todos os conceitos possuem vantagens ¢ desvantagens. Na pratica, o conceito mais utilizado
para classificagdo dos fungos ¢ o MSC, o qual se baseia na descrigdo das caracteristicas
morfoldgicas ou outras caracteristicas fenotipicas, como termotolerancia, producdo de
metabolitos secundarios, presenca de pigmentos. Utilizando MSC, as espécies podem ser
reconhecidas mais facilmente, tanto organismos sexuados quanto assexuados, além de poder
ser aplicada na identificagdo de espécies extintas. BSC define espécie como populagdes que
se reproduzem entre si e sdo isoladas reprodutivamente dos outros grupos. Este conceito pode
ser muito util para o estudo de genética de populagdo, porém, ¢ aplicado apenas nos
organismos com reproducdo sexuada conhecida. PSC define espécie como menor
agrupamento de individuos que estdo interconectados por relacdes genéticas. PSC ¢é o
conceito que se aproxima mais do conceito evolucionario de espécies (ESC) que ¢ definido
pelo grupo de organismo que corresponde a uma linhagem monofilética, ou seja, que possui
uma unica origem evolucionaria. PSC utiliza seqiiéncias de DNA, que ¢ a caracteristica mais

confidvel, porém se torna subjetivo dependendo da regido do DNA utilizada (Taylor e col.,

2000; Kwon-Chung & Varma, 2006).

2.2.2- Complexo de espécies Cryptococcus neoformans

O agente etiologico da criptococose, Cryptococcus neoformans (San Felice) Vuill.,
apresenta-se como levedura saprofita, haploide, usualmente uni ou bibrotante, com forma
esférica a oval, capsulada (Kozel, 1995) e produtora de melanina (Ikeda e col., 1993), ambos
importantes fatores de viruléncia e patogenicidade (Kwon-Chung & Rhodes, 1986).
Classicamente, sdo reconhecidas duas variedades dentro da espécie C. neoformans - C.
neoformans var. neoformans (sorotipos A, D e AD) e C. neoformans var. gattii (sorotipos B e
C) - as quais possuem diferencas fiosioldgicas, bioquimicas, epidemioldgicas, soroldgicas e
morfologicas (Kwon-Chung & Bennett, 1984). Tanto na forma parasitdria como na forma
saprofitica, C. neoformans ¢é observado na sua fase vegetativa, normalmente haploide,
reproduzindo-se por brotamento (White & Armstrong, 1995). O estado perfeito de C.
neoformans foi reproduzido in vitro, descrito como Filobasidiella neoformans por Kwon-
Chung (1978) e incluido na familia Filobasidiaceae. Devido a semelhangas na composigdo de
acidos graxos e em outras caracteristicas fenotipicas, foi identificada uma relacdo taxonomica

entre os géneros Cryptococcus e Tremella (Smit e col., 1988). Tal semelhanga entre os grupos



também foi verificada a partir do sequenciamento dos genes ribossomais 16S-like, 26S e 58S,
onde espécies do género Filobasidiella eram mais proximas da familia Tremellaceae do que

com os outros membros da familia Filobasidiaceae (Casadevall & Perfect, 1998).

A partir de experimentos in Vitro realizados na década de 1980, foi sugerido a
ocorréncia de recombinantes férteis obtidos por cruzamento entre C. neoformans var.
neoformans (sorotipo D) e var. gattii (sorotipo B), indicando que tais organismos fossem
variedades e ndo espécies distintas (Kwon-Chung, Bennett & Rhodes, 1982; Schmeding, Jong
& Hug, 1981), além do que, foi identificada grande similaridade entre 0 RNA ribossomal das
duas variedades (Fan e col., 1994). Por outro lado, a taxa de reassociacio DNA-DNA
observada entre as duas variedades (55-63%) refletiu divergéncia genética intraespecifica

(Aulakh, Straus & Kwon-Chung, 1981).

Recentemente, estudos genéticos e moleculares propuseram que as duas variedades
deveriam ser reconhecidas como espécies distintas, C. neoformans (correspondendo aos
sorotipos A, D e AD) e C. gattii (correspondendo aos sorotipos B e C) (Kwon-Chung e col.,
2002). A proposta também se baseou nas diferengas morfologicas da fase teleomorfica, F.
neoformans e F. bacillispora e pelas diferencas bioquimicas da fase anamorfica (vide quadro
1). Apesar da forma dos basididésporos das duas espécies serem diferentes, a morfologia da
fase de levedura nao possui diferencas marcantes. Além do mais, o cruzamento entre C.
neoformans e C. gattii pode gerar diploides hibridos, mas ndo recombinantes verdadeiros
haploides (Kwon-Chung & Varma 2006). Independente da seqiiéncia utilizada na correlacao
genética, pelo menos dois grandes e distintos grupamentos sdo claramente observados, um
contendo os sorotipos A, D e AD, e outro com os sorotipos B e C (Fell e col., 2000; Xu e col.,

2000; Diaz e col., 2006).

A diversidade observada entre os diferentes sorotipos de C. neoformans também gera
discussdes com relacdo a taxonomia. Grupamentos monofiléticos de cepas do sorotipo A e do
sorotipo D geralmente se apresentam em grupamentos distintos, o que sugere que possam ser
classificados em duas variedades — sorotipo A como var. grubii e sorotipo D como var.
neoformans (Franzot e col., 1999). Porém, a classificagdo ndo confere quando analises
filogenéticas sao feitas utilizando a técnica de AFLP (Amplified Fragment Length
Polimorphism) ou sequenciamento de IGS+5S / RNAr+IGSII (Kwon-Chung & Varma, 2006).

Além do mais, existe um nimero consideravel de isolados hibridos no mundo que sdo



sorotipo AD, que ocorrem a partir do cruzamento do sorotipo A com sorotipo D (Kwon-

Chung & Varma, 2006).

Quadro 1. Classificagdo dos agentes da criptococose (Hibbett e col., 2007).

Reino: Fungi

Sub-reino: Dikarya

Filo: Basidiomycota
Sub-filo: Agaricomycotina
Classe: Tremellomycetes
Ordem: Tremellales
Familia: Filobasidiaceae

Género: Filobasidiella

Teleomorfo Anamorfo
Filobasidiella neoformans Cryptococcus neoformans
Filobasidiella bacillispora Cryptococcus gattii

Em resumo, a classificagdo das duas espécies de C. neoformans tem se baseado no
conceito de espécie fenotipico, bem como o bioldgico, os quais sdo confirmados pelo conceito

filogenético de espécies.

2.2.3- Especiacao

A especiagdo natural se inicia quando ha o isolamento reprodutivo de uma
subpopulagdo dentro de uma espécie, ocorrendo a diferenciacdo genotipica dos grupos. Ha
trés modelos principais do processo evolutivo de especiacao
(pt.wikipedia.org/wiki/Especiacdo;www.icb.ufmg.br/Ibem/aulas/grad/evol/especies/especie8.

html):



- Especiacdo Alopatrica > Ocorre quando a popula¢do se divide e se isola
geograficamente por mudangas geoldgicas e geomorfoldgicas, como vulcdes, cursos

d’4gua e cadeias montanhosas.

- Especiacao Parapatrica = Nao ha isolamento geografico completo, sendo mantido

algum fluxo génico entre as duas populagdes.

- Especiac¢ao Simpatrica = As populag¢des divergem enquanto ocupam ainda a mesma
area por adaptacdo a ambientes/nichos distintos, sendo que surge uma barreira
biolégica ao intercruzamento. Além do mais, a poliploidia e a hibridagdo ou

hibridizacao de espécies diferentes podem levar a formagdo de fen6tipos distintos.

Existem poucos trabalhos que utilizam métodos estatisticos de filogenia de fungos,
incluindo estimativa de tempo de divergéncia. Hibrida¢do parassexual ja foi proposto para
micorrizas do grupo Zygomycota e¢ para Allomyces (Chytridiomycota) (Kohn, 2005). Em
ascomicetos, alguns mecanismos influenciam no fluxo génico das populagdes como
diferencas do hospedeiro, domesticacdo, perda da habilidade de reproduzir sexuadamente e
fungicidas. E dificil assegurar como o isolamento reprodutivo se desenvolve, pois a
especiacdo € um processo lento e de dificil observagdo experimental. Nos fungos, esse
isolamento pode ser pré-zigotico, no reconhecimento de gametas, ou poOs-zigético, na
viabilidade dos hibridos resultantes do cruzamento. Le Gac e colaboradores (2007) realizou
estudo experimental de isolamento reprodutivo utilizando o basidiomiceto fitopatogénico
Microbotryum violaceum e verificou que a distancia genética ndo influenciou a freqiiéncia de
conjugacdo (isolamento pré-zigoético), porém, com aumento da distdncia genética foi
observada a diminuicdo da viabilidade dos hibridos (isolamento po6s-zigotico), fato também

verificado em grupos de plantas e animais (Le Gac e col., 2007).

2.2.4- Hibridacéo

O termo hibridagdo natural, ou hibridizacdo natural, pode ser definido como o
cruzamento de duas populacdes que podem ser identificadas baseadas em uma ou mais

caracteristicas hereditarias e, hibridos, os individuos de tal cruzamento. Podem estar incluidos



nesta defini¢do os hibridos que surgem de cruzamentos inter e intra-especificos e aqueles que

surgem de uma fusao vegetativa (Olson & Stenlid, 2002).

Os fungos possuem um forte sistema genético para restringir a troca genética, tanto
sexuada, como assexuada. O alo-reconhecimento permite que individuos com diferentes
combinagdes dos alelos de incompatibilidade vegetativa sejam reconhecidos como “non-self”,
desencadeando uma forte reacdo de incompatibilidade, que pode causar a morte celular. O
sistema de tipo sexuado permite a existéncia de dois nucleos com tipos sexuados
complementares, o que impede o autocruzamento e mantém a variagdo genética na populacao.
Tipos sexuados com caracteristicas parecidas podem ser encontrados em diferentes espécies,
0 que nao impede a hibridagdo. Os resultados variam de uma F1 estéril a uma nova linhagem
que pode se propagar sexuadamente, sendo que pode ser produzido um novo taxon (Olson &
Stenlid, 2002). Um exemplo de hibridagdo e formacdo de novo tdxon foi relatado por
Newcombe e colaboradores (2000). Foi realizado melhoramento genético do alamo, arvore
utilizada para producao de celulose em regides temperadas, com o objetivo de produzir
linhagens resistentes ao fitopatdgeno Melampsora occidentalis, alguns anos depois surge um
novo patdogeno com caracteristicas morfologicas e patogénicas de M. occidentalis e M.

medusae, sugerindo ser um hibrido natural das duas espécies.

Estudo recente analisou molecularmente isolados sorologicamente reativos para os
sorotipos B ¢ D do complexo de espécies C. neoformans e verificou que sdo na verdade

isolados diploides hibridos das duas espécies C. neoformans e C. gattii (Bovers e col., 2006).

23- CICLO DE VIDA DO COMPLEXO DE ESPECIES CRYPTOCOCCUS
NEOFORMANS.

As espécies do complexo C. neoformans sio heterotalicos e possuem um sistema de
sexualidade bipolar com um locus e dois alelos, Mat a e Mat alfa. Estas leveduras
representam o estado anamorfico de Filobasidiella neoformans e F. bacillispora. A fase
teleomorfica ¢ obtida através do cruzamento de duas cepas compativeis Mat a e Mat alfa.
Neste processo (Figura 1), hd conjugacdo das duas células, alongamento e formagdo de
micélio dicaridtico com grampo de conexdo e septo tipo doliporo, caracteristico do filo

Basidiomycota. Na extremidade da hifa, ocorre dilatagdo e formagao do basidio, onde apos a
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meiose sao formadas quatro cadeias de basidiésporos hapléides recombinantes (Kwon-Chung
e col., 1982; Moore & Edman, 1993). Até o momento, a forma sexuada foi produzida somente

in vitro em meio apropriado sendo jamais identificada em tecidos parasitados ou em natureza.

Existe um predominio marcante de Mat alfa sobre o Mat a (30 a 40 vezes mais
freqliente) em isolados clinicos e ambientais em diferentes regidoes do mundo (Kwon-Chung e
col., 1978, Madrenys e col., 1993), sendo ocasionalmente encontrados isolados diploides
auto-férteis (tipo sexuado alfa/a). O tipo sexuado alfa ¢ o mais virulento em estudos animais,
portanto, por sua relagdo com a viruléncia, torna-se importante a analise do ciclo sexuado
deste fungo (Steenbergen & Casadevall, 2003). Sistemas de regula¢ao vinculados ao
cruzamento sexuado e capacidade de filamentagdo tem sido estudados como alvos potenciais
futuros para terapéutica ou profilaxia da criptococose. Verificou-se que a producdo de
feromonio expressa por C. neoformans Mat alfa ¢ fundamental para a ocorréncia do ciclo

sexuado entre cepas compativeis (Steenbergen & Casadevall, 2003).
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Figura 1. Desenho esquematico do ciclo sexuado de C. neformans e C. gattii
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Por outro lado, em condigdes in vitro de deplecdo de nitrogénio e baixo teor de agua,
pode ocorrer filamentagdo e produgdo de basidios e basididosporos na auséncia do outro tipo
sexuado. Este fendomeno ¢ denominado de frutificacdo haploide ou monocaridtica (Kwon-
Chung e col., 1978), descrito para muitos basidiomicetos superiores, mas dentre o0s
basidiomicetos inferiores, foi observado apenas em certos isolados de C. neoformans Mat alfa
e Mat a, sendo independente do tipo sexuado, e controlada pelos genes STE12 e STE20
(Tscharke e col., 2003; Wickes e col.,, 1996). Tais genes codificam proteinas-kinase
envolvidas na via de sinalizagdo de producdo de feromdnio (Lengeler e col., 2000). Além do
mais, esses genes, em determinadas condic¢des, regulam a expressdao de outros cujas fungdes
sdo importantes para a viruléncia, como produ¢do de melanina e de cépsula (Chang e col.,
2001). Kwon-Chung e colaboradores (1999) realizaram sucessivos cruzamentos in vitro com
cepas de C. neoformans Mat a e Mat alfa e foi observado que, ao contrario da taxa 1:1
esperada entre as progénies, a cada cruzamento, as progénies possuiam um caridtipo mais
similar ao caridtipo parental Mat alfa, além da habilidade para o cruzamento declinar
progressivamente. A oitava geracdo se tornou quase estéril, produzindo apenas basidios sem
esporos. Tais achados levaram os autores a sugerirem que o ciclo de vida meidtico ndo é o
principal meio de propagagao do fungo. Além do mais, estudo ambiental recente realizado na

Colombia demonstrou a grande predominancia do Mat a em relagdo ao Mat alfa em cepas de

C. gattii (96.6%) (Escandén e col., 2006).

2.4 - PATOGENIA

Propagulos de C. neoformans e C. gattii do meio ambiente sao inalados pelo mamifero
hospedeiro e podem atingir os alvéolos pulmonares. Acredita-se que os propagulos
potencialmente infecciosos sdo leveduras ressecadas, ou basididsporos produzidos no ciclo
sexuado, que possuem em torno de 3 um de diametro, pois particulas maiores de 5 um de
diametro sao normalmente retidas na arvore bronquica, ndo atingindo os alvéolos pulmonares,
além dessas duas formas serem resistentes as condigdes ambientais (Zimmer e col., 1984). A
doenca pulmonar ¢ mais freqiiente em individuos imunocompetentes € os sintomas variam de

quadros assintomaticos a pneumonias graves com insuficiéncia respiratéria (Lazéra e col.,
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2005). A partir dos alvéolos pulmonares, os propagulos podem disseminar via hematogénica
para qualquer 6rgdo ou sistema, desencadeando infec¢do sistémica regressiva subclinica ou
doenga, sendo que os agentes possuem um tropismo pelo sistema nervoso central (SNC)
(Currie e col., 1994). Os quadros leves ou regressivos da infec¢do sdo provavelmente
freqlientes devido a constante exposicdo do homem a esses agentes, porém ndo estdo
disponiveis testes cutaneos ou outros marcadores para a avaliacao da infecgao em populagdes
(Mitchell & Perfect, 1995). Por outro lado, no curso da infec¢do primdria, pode ocorrer
também a reativacdo tardia de focos quiescentes. O quadro clinico da criptococose mais
freqlientemente diagnosticado e principal causa de o6bito da doenca é a meningoencefalite,
sendo que a infec¢do nao se limita as meninges, podendo atingir também o cortex cerebral,
tronco cerebral e cerebelo. Em seguida a meningoencefalite, pneumonia ¢ a forma clinica

mais diagnosticada e, com menor frequéncia, lesdes de pele (Perfect, Magee & Magee, 1989).

2.5 - EPIDEMIOLOGIA E ECOLOGIA

A criptococose disseminada ¢ freqlientemente diagnosticada em pacientes com
comprometimento do sistema imunoldgico, principalmente AIDS, linfomas, leucemias e uso
de corticoides, sendo C. neoformans sorotipo A o principal agente observado. O sorotipo A ¢
cosmopolita e predomina como agente de doenga oportunista, enquanto que C. neoformans
sorotipo D ¢ menos freqiiente, sendo que apresenta prevaléncia significativa algumas regides

da Europa Central (Nurnburg e col., 1989; Dromer ¢ col., 1996).

A prevaléncia da criptococose associada a AIDS varia desde 5 a 7% nos Estados
Unidos e Europa, 10 a 15% no Brasil, até atingir 30% em paises da Africa Central (Cooney,
2002). Como primeira infec¢@o oportunista em AIDS, a prevaléncia da criptococose no Brasil
varia de 23 a 48% (Pappalardo & Melhen 2003). Uma vez instalada, a infec¢do comporta-se
neste grupo como doenga de elevada morbi-mortalidade. Entretanto, a epidemiologia da
criptococose associada a AIDS mudou consideravelmente nos grupos e paises que tém acesso

a terapia anti-retroviral combinada (Cooney, 2002).

C. neoformans ¢é encontrado em varios substratos organicos, tendo sido estudado
principalmente em ambientes urbanos, onde ¢ classica sua relagdo com habitat de aves. Ja foi

encontrado em suco de péssego, leite, frutas, vegetais, madeira em decomposi¢do e fezes de
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aves, principalmente pombos (Gezuele e col., 1993; Lazéra e col., 1998). Estudos realizados
na Africa (Swinne e col., 1994) e no Brasil (Passoni e col., 1998) evidenciaram elevados
indices de contaminacdo da poeira domiciliar e peridomiciliar (13 a 50%), sugerindo que a
exposicdo do homem ao fungo seja freqiiente e faga parte de seu cotidiano. O habitat original
da espécie tem sido objeto de investigagdo, principalmente aquele relacionado ao saprofitismo
de substratos vegetais. C. neoformans e outros basidiomicetos foram encontrados em madeira
parcialmente delignificada em florestas temperadas do Chile (Gonzales e col., 1989). Nos
ultimos anos, tem sido demonstrado que ocos de arvores vivas também representam bidtopos
naturais para C. neoformans, que coloniza a madeira em decomposicdo desses
microambientes, integrando uma sucessao de leveduras neste processo, podendo essa
colonizacdo ser um processo tempordrio ou permanente ao longo de pelo menos 15 anos
(Lazéra e col., 1996; Barbosa e col., 2007). A fenol oxidase, enzima produzida por esta
levedura, foi identificada como uma lacase (Willianson, 1994) e, lacases de basidiomicetos
sao implicados no processo de mineralizagao da lignina, importante polimero de carbono

componente da madeira (Thurston, 1994).

C. ogattii foi originalmente isolado em 1972, identificado em caso de
meningoencefalite na Africa Central, em menino sem evidéncia de imunodepressio. Desde
entdo observaram-se casos de localizagdo extrapulonar com meningoencefalite, lesdes O0sseas
e cutdneas em quadros associados ou ndo, causados por C. gattii sorotipo B. Esses
hospedeiros ndo apresentam evidéncia clara de imunodepressdo celular e, sdo nativos de areas
tropicais e subtropicais (Kwon-Chung & Bennett, 1992). O habitat natural de C. gattii era
desconhecido até 1990, quando foi isolado pela primeira vez de restos vegetais de Eucalyptus
camaldulensis em floragdo na Australia e posteriormente na California (Ellis & Pfeiffer, 1990,
Pfeiffer & Ellis, 1992). A positividade correlacionava-se com o periodo de floragdo destas
arvores, que foram consideradas hospedeiras do fungo e Uinicas fontes ambientais conhecidas.
No Brasil, vérios estudos em diferentes regioes demonstram que arvores tropicais nativas ou
adaptadas de diferentes géneros (oiti, ficus, cassia, guettarda, tento) sao habitats naturais de C.
gattii, e também que ambas as espécies ocorrem em uma mesma arvore, colonizando ocos
com madeira em decomposi¢ao (Lazéra e col., 2000, Fortes e col., 2000; Trilles e col., 2003,
Nishikawa e col., 2003). Estes microambientes representam um tipo de habitat natural onde
ambas as espécies podem ocorrer em natureza, aspecto novo no conhecimento da ecologia

deste fungo (Lazéra e col., 1996, 1998 e 2000).
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No Meio-Norte (Maranhao e Piaui) do Brasil, um estudo retrospectivo de 124 casos de
criptococose no Hospital de Doengas Infecto Contagiosas (HDIC), Teresina (PI), revelou que
a grande maioria dos casos (88%) foi observada em hospedeiros imunocompetentes da regido,
com predominio de C. gattii (92,5%). Neste grupo, chama a atengdo a clevada letalidade
(40,6%) e a ocorréncia da micose em criangas ¢ adolescentes até 19 anos (26%) (Martins,
2003). No Para, a criptococose ocorre em menores de 13 anos, sem fator predisponente em
24% dos casos diagnosticados, com letalidade de 56% (Corréa e col., 1999). Em Manaus,
Amazonas, 18,7% dos casos foram diagnosticados em criancas de até 12 anos. Estes casos
ndo estdo relacionados a AIDS e, a grande maioria dessas criangas ¢ nativa da regido,
moradora de dareas rurais (Santos, 2000). Em Roraima e Bahia, ha dados indicando a
ocorréncia de criptococose primaria, em criancas (Darzé e col., 2000; Fortes, 2001). Esses
dados indicam que a criptococose por C. gattii ocorre de forma endémica na regido amazonica

estendendo-se até o semi-arido nordestino em nosso pais.

Ocasionalmente, C. neoformans é encontrado como comensal em humanos, mas ¢
freqlientemente isolado da cavidade nasal de animais nativos e domésticos na Australia, como
cdes, gatos ¢ koalas. Por outro lado, C. gattii ainda ndo foi encontrado como comensal em
humanos e, somente é encontrado como colonizador da cavidade nasal de caes com infecc¢ao
ativa (Vilcins e col., 2002), mas também ja foi encontrado como comensal em koalas na
Australia (Krockenberger e col., 2002). No Piaui, foi isolada uma cepa de C. gattii do bago de
tatu aparentemente sadio em doenca clinica (Trilles e col., 2003; Lazéra — comunicacio
pessoal). Tais animais podem estar funcionando como reservatérios e ajudando na

disseminagado do fungo.

Existem alguns registros de epidemias de criptococose animal devido ao C. gattii,
epidemias essas que infectaram animais como cabras na Espanha (Bard, 1998) e psitacideos
em Sao Paulo, Brasil (Raso, 2004). Porém, a inica epidemia humana e animal de criptococose
teve inicio em 1999, na Ilha de Vancouver, no Canada. Até 2006, foram diagnosticados mais
de 100 casos humanos, com 6 6bitos, e também um grande niimero de caes, gatos, furdes,
lhamas e cetaceos (Stephen e col., 2002; Lindberg e col., 2007). Em sua grande maioria, sao
hospedeiros sem imunodepressao evidente, sendo C. gattii sorotipo B o agente das infecgdes.
A ocorréncia de tal epidemia numa regido temperada, indica a ocorréncia de uma mudanga na
distribuicdo de C. gattii, antes observado apenas em areas tropicais e subtropicais (Kidd e

col., 2004).
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2.6 - FATORES DE VIRULENCIA

Viruléncia € a caracteristica microbiana expressa apenas em hospedeiros susceptiveis.
Apesar de nao ser um parasita obrigatorio, C. neoformans possui importantes fatores de
viruléncia como cépsula polissacaridica, produ¢do de melanina e a habilidade de crescer e
multiplicar-se a 37-39°C, que sdo essenciais para a patogenicidade do fungo em mamiferos
em geral. Diferentemente de muitas bactérias, o complexo Cryptococcus nao produz
substancias toxicas que influenciem diretamente nos sinais e sintomas da criptococose (Kozel,
1995). Estudo realizado com nematodio (Caenorhabditis elegans) e com ameba
(Acanthamoeba castellani) identificou um possivel mecanismo pelo qual, a necessidade de
sobreviver frente a predadores ambientais, resultou na aquisicdio e manutengdo de
caracteristicas que funcionam como fatores de viruléncia em animais (Steenbergen &

Casadevaall, 2003).

A capsula do complexo C. neoformans possui trés principais componentes:
manoproteinas, galactoxilomananas e glucuronoxilomanas (GXL), as quais definem os
sorotipos de acordo com o tipo de ligacao entre os acglicares manose ¢ xilose. A capsula de C.
neoformans, além de possuir propriedades antifagociticas, pode ser liberada pelo fungo em
forma de vesiculas no interior de macrofagos, podendo causar lise celular pela toxidade
(Vecchiarelli e col., 2000). O antigeno polissacaride GXL ¢ o principal constituinte em termos
de abundancia e reatividade antigénica, acumula em fluidos corporais como soro, urina e
liquido céfalo-raquidiano (LCR), cuja detecgdo € utilizada para diagnostico da micose através
de testes como aglutinagdo por particulas de latex e ELISA (ensaio de imunoabsorbancia
enzimatica) (Richardson & Warnock, 1997). O polissacarideo galactoxilomanana, é por sua
vez constituido de manoproteinas e polimeros de galactoxilose, sendo encontrado em menor
escala. Foi verificado que, ao transferir células de C. neoformans de cultivos in vitro para o
estado parasitario, a parede celular e a cdpsula aumentam de tamanho, ocorrendo também
aumento de atividades enzimaticas, e.g., fosfatase alcalina, que ¢ detectada na capsula in vivo,
mas ndo in vitro (Takeo e col., 1973). O grau de aumento da espessura capsular, quando em

parasitismo, varia de acordo com o o6rgdo infectado, sendo essas mudangas de espessura
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reversiveis (Rivera e col., 1998). As células do fungo produzem grande quantidade de cépsula
em resposta a caréncia de ferro e a presenca de alta concentragdo de CO, (Vartivarian e col.,
1993), sendo que, normalmente, C. neoformans em natureza e em meio de cultura possui uma
fina cépsula. Alguns genes relacionados com a produgdo de capsula foram identificados e
caracterizados; CAP1, CAP2, CAS31, CAS1, UXS1, CAS32, CAS33, CAP64, CAP60, CAP59
e CAP10 (Jung e col., 2006). A delecdo de um desses genes pode resultar na produgdo de
cepas acapsuladas e avirulentas (Chang & Kwon-Chung, 1994; Chang e col., 1996; Chang &
Kwon-Chung, 1998).

Foi verificado que o glicolipideo glicosilceramida (GlcCer), presente na parede
celular, citoplasma e no interior de vesiculas, é essencial para o crescimento de C. neoformans
em pH alcalino, tanto in vitro como in vivo, e esta associado a viruléncia na criptococose
pulmonar. Os cerebrosideos fingicos, por serem extremamentes conservados, representam um
alvo em potencial para o desenvolvimento de novos agentes terapéuticos frente a C.

neoformans (Rodrigues e col., 2007).

O complexo Cryptococcus sintetiza a melanina na presengca de polifendis ou
diaminobenzenos, como L-DOPA, dopamina e epinefrina. A fenol-oxidase, enzima que
cataliza o processo oxidativo na biossintese da melanina de C. neoformans, foi caracterizada
como uma lacase e ¢ codificada pelo gene unico CNLACL, que tem a transcricdo induzida
pela caréncia de glicose (Willianson, 1994). A melanina ¢ um radical livre estdvel que ¢
insoluvel em solventes fisioldgicos e resistente a degradacdo 4cida. Esté localizada na parede
celular do fungo e protege a célula dos danos causados pela oxidagdo no interior dos
macrofagos. Além do mais, o neurotropismo de C. neoformans pode ser, em parte, explicado
pela habilidade do fungo utilizar neurotransmissores, como epinefrina ¢ dopamina, como
substratos para producdo de melanina (Williamson e col., 1994). A melanina também pode
influir nos resultados terapéuticos, ja que células de C. neoformans com melanina sdo mais
resistentes as drogas caspofingina e anfotericina B (van Duin e col., 2002). Além do mais,
estudo recente verificou que as defesas antifungicas das células hospedeiras de camundongos
podem reduzir a efetividade da lacase de atingir a localizagdo correta na parede celular
durante a infeccdo pulmonar, mas ndo durante a infec¢do no cérebro, o que pode contribuir

para uma atividade mais eficaz e predominante da enzima no 6rgao (Waterman e col., 2007).

A habilidade de crescer e multiplicar-se a 37-39°C ¢ essencial para a infec¢do do

hospedeiro humano e envolve um conjunto de caracteristicas que estdo presentes em todos os
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fungos invasivos. Essas caracteristicas podem ser alvos potenciais para o desenvolvimento de
drogas antifungicas. No entanto, outros fatores de viruléncia, como producao de manitol e
proteinas de estresse térmico (HSP), vém sendo estudadas. A maioria das espécies de
Cryptococcus e varias cepas de C. neoformans ndo sdo capazes de crescer a temperatura
fisiolégica humana, sendo, portanto, avirulentas. Em recentes trabalhos, foram identificadas
as proteinas RASI e calcineurina como responsaveis, através de vias distintas, pelo

crescimento de C. neoformans a altas temperaturas (Alspaugh e col., 2000).

Ja foram identificados outros fatores de viruléncia em C. neoformans que sdo
importantes para a infec¢do e patogenia. A fosfolipase, produzida pelo gene PLB1, hidroliza
as ligagoes éster, destruindo a membrana fosfolipidica do hospedeiro (Ghannoum, 2000). As
proteinases degradam proteinas do hospedeiro como colageno, elastina e imunoglobulinas.
Estudos em modelos animais sugerem que cepas MATalfa sejam mais virulentas que cepas
MATa, bem como apresentem maior resisténcia in vitro (Madrenys e col., 1993), porém os

fundamentos moleculares para essa diferenca sao desconhecidos.

Foram identificadas vias de sinalizacdo que regulam a viruléncia e a morfogénese de
C. neoformans: A via cAMP-PKA regula a producdo de capsula, de melanina e a reproducgio
sexuada; a via MAP-kinase esta relacionada com a ativagdo de feromonio. O funcionamento
de ambas as vias de sinalizacdo dependem de uma proteina receptora chamada proteina G,

que ¢ produzida pelo gene GPA1 (Steenbergen e col., 2003).

O gene CIR1 (Cryptococcus ferro-regulador) influencia fungdes de homeostase e
transporte de ferro, e regula de forma positiva ou negativa diversos genes relacionados aos
fatores de viruléncia, como produ¢ao de capsula, de melanina, da fosfolipase e biossintese de

esterois (Jung e col., 2006).

2.7 - SUSCETIBILIDADE ANTIFUNGICA

Existem controvérsias a respeito da utilidade dos testes de suscetibilidade antiflingica
na pratica clinica. A maioria dos especialistas concorda que os testes ndo devem ser realizados
em todos os casos. Outros especialistas afirmam que os testes deveriam ser realizados em

todos os isolados de micose sistémica, principalmente naqueles isolados de hemocultura ou de
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biopsias de 6rgdo internos e, rotineiramente dos isolados oriundos de pacientes com falha

terap€utica ou que receberam tratamento prévio com antifungicos (Gadea e col., 2007).

2.7.1 - Drogas antifungicas

Existem importantes inconvenientes para o desenvolvimento de drogas antifungicas
eficazes, sendo o principal deles o fato de que tanto o fungo como os tecidos do hospedeiro

sdo constituidos de células eucariotas com caracteristicas bioquimicas similares.

A maioria dos antifngicos, comercializados ou em fase de experimentacdo, possui
como alvo de acdo o ergosterol, o qual é o composto majoritario da membrana fingica.
Entretanto, existem outros componentes estruturais da célula que sdo utilizados como alvo de

acdo de varios antifingicos, como manana, quitina ou a B-(1,3)-D-glucana.

Uma das possiveis formas de classificar os diferentes compostos antifingicos ¢ pela

sua estrutura quimica.

Derivados poliénicos: Sdo antifingicos produzidos por varias espécies de
Streptomyces. O alvo desses compostos € o ergosterol da membrana fingica. A interacdo dos
polienos pelas ligacdes hidrofobicas com os esterois induz a formagdo de poros, o que leva a
uma alteragdo da permeabilidade das células fungicas com a perda de componentes
citoplasmaticos, o que compromete a viabilidade do microrganismo. Um dos principais
problemas no uso deste grupo de antifingicos ¢ sua elevada toxidade renal e hepdtica

(Girmenia e col., 2002).

Os compostos mais representativos desta familia sdo a nistatina e a anfotericina B. A
anfotericina B ¢é obtida a partir de Streptomyces nodosus e foi comercializada para uso clinico
em 1958. As leveduras possuem uma taxa de resisténcia baixa a este composto. Apesar de ser
um composto de referéncia para o tratamento das micoses sist€émicas, sua nefrotoxidade limita

sua administragdo (Hsieh e col., 1998).

Para contornar o problema associado a sua toxidade, foram criadas formulagdes
lipidicas: anfotericina B em complexo lipidico (Abelcet™) e Anfotericina B lipossomal
(AmBisome®). Estas formas lipidicas podem ser administradas a concentragdes mais elevadas
do que a formula tradicional, o que representa uma grande vantagem terapéutica (Stevens e

col., 2000).
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Compostos azoélicos: Os azdis constituem uma das familias de antifingicos mais
numerosas. Atuam como fungistaticos na célula fingica, impedindo a sintese de ergosterol ao
inibir a enzima lanosterol desmetilase. Com isso, ocorre um acumulo dos precurssores do
ergosterol, alterando a estrutura e a fun¢do da membrana plasmatica. Entretanto, antes do seu
uso terapéutico, por reduzir a sintese de colesterol, deve ser levado em conta seus efeitos
sobre o sistema endocrino e reprodutor, toxidade hepatica e renal, interagdo com multiplos
medicamentos, como rifampicina e antiretroviral e, contra-indicacdo na gravidez. Outra
limitagdo do uso deste grupo de drogas ¢ a aquisi¢do de resisténcia e as baixas concentragdes

plasmaticas nos pacientes submetidos ao tratamento com os azois.

Analogos de precursores de acidos nucleicos: 5-fluorocitosina penetra na célula
fingica através de uma permease e, uma vez no citoplasma ¢ alterada enzimaticamente se
transformando em acido 5-fluorodilico, que se incorpora no RNA interrompendo a sintese
protéica. S-fluorocitosina também pode ser transformada em S-fluorodeoxiuridina
monofosfato, inibidor da sintese de DNA e da divisdo celular. Nao pode ser usado como
monoterapia devido a resisténcia primdria e secundaria, mas seu uso ¢ indicado em
combina¢do com anfotericina B como esquema de primeira escolha frente a meningite

criptococica (Mayanja-Kizza e col., 1998, Harrison, 2000).

Derivados peptidicos: Estes compostos possuem baixa toxidade, ja que atuam
inibindo a sintese de mananas, quitina ou [B(1-3)-D-glucana, as quais nao se encontram
presentes nas células eucariotas humanas. Um exemplo desse grupo de antifingicos ¢ a
nicomicina Z, ou polioxina, que sdo nucleosidios que atuam inibindo a enzima quitina
sintetase. Entretanto, seu espectro de agdo se reduz a Candida spp e Aspergillus spp. Outros
representantes do grupo, como a caspofungina (Merck Research Laboratoires) e micafungina
(Fujisawa Healthcare Inc.), sdo seus analogos sintéticos e possuem espectro de agdo

semelhante (Del Poeta e col., 1997).

Alilaminas: Sua acdo se deve ao bloqueio da sintese do ergosterol pela inibigdo da
esqualeno epoxidase. O representante mais importante dessa familia ¢ a terbinafina (Novartis
Pharmaceuticals). Por sua natureza altamente lipofilica, distribui-se principalmente no tecido
cutaneo, adiposo e nas unhas (Elewski, 1998.), sendo utilizado principalmente no tratamento

de dermatomicoses.
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Com o aumento da prevaléncia das infecgdes fungicas, houve uma busca mais intensa
por novos agentes antifungicos. O tratamento da criptococose ainda ¢ baseado em anfotericina
B, associada ou ndo a 5-fluorocitosina, para tratamento de indugdo e, fluconazol ou
itraconazol para tratamento de manuten¢@o. O uso prolongado de fluconazol como terapia de
manutengdo em pacientes com AIDS tem gerado discussdo sobre a possibilidade do
surgimento de cepas menos susceptiveis (Brandt e col., 2001). Ultimamente, para contornar
os problemas de ndo resposta clinica frente aos tratamentos com os antifungicos
classicamente utilizados, novas drogas antifiingicas estdo sendo estudadas, como posaconazol,
voriconazol, ravuconazol e albaconazol, sendo que os dois ultimos ainda estdo em fase de

desenvolvimento.

2.7.2 - Métodos de Suscetibilidade Antifungica

Em 1982, o “National Comittee for Clinical Laboratory Standard” (NCCLS), EUA,
hoje CLSI (“Clinical and Laboratory Standard Institute”), criou um subcomité para a
padronizac¢do dos testes de sensibilidade a antifingicos com o objetivo de unificar os critérios
metodoldgicos, primeiro com as leveduras (documento M27-A2, 2002) e mais tarde com os
fungos filamentosos (documento M38-A, 2002). Ambos os documentos propdem o método de
microdilui¢ao em meio liquido e estabelecem as variaveis experimentais criticas para os testes
in vitro. Os protocolos do CLSI sdo aceitos universalmente como método de referéncia para

testes de susceptibilidade fingica.

Além de estudos epidemiologicos, os testes de sensibilidade antifungica in vitro tém
como objetivo ajudar na escolha da melhor alternativa terapéutica em curto espaco de tempo.
Em 2004 foi publicado documento pelo CLSI o qual descreve metodologia para testes de
difusdo em agar para Candida spp, metodologia esta mais rapida e simples que a metodologia
de diluicio em caldo. Entre os métodos comerciais que podem ser empregados num
laboratdrio clinico estdo os métodos de difusao em disco ou fita como o NeoSensitabs (A/S
Rosco) e o E-test (AB Biodisk). Também existem alguns kits comerciais que adaptaram a
técnica de microdiluicdo em caldo como o Fungitest (Bio-Rad), Sensititre YeastOne (TREK

Diagnostic Systems Ltd.), ATB Fungus 2 (BioMérieux) e o PASCO (Becton-Dickinson).

Nao hé ainda consenso a respeito de quais devem ser os pontos de corte para

considerar uma cepa de Cryptococcus sp. sensivel ou resistente aos diferentes compostos
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antifingicos, pois existem poucos estudos que correlacionem estudos in Vitro com resposta
terapéutica in vivo. Acredita-se que uma cepa sensivel in vitro ndo significa éxito terapéutico,
entretanto, aceita-se que um valor elevado de CIM (Concentracao Inibitéria Minima) de um
determinado antifungico pode indicar uma possivel falha terapéutica (Rex e col., 1993). Os
pontos de corte para interpretagdo de resultados s6 foram estabelecidos para algumas drogas,
como fluconazol, itraconazol e fluorocitosina para espécies de Candida spp (documento M27-

A2).

Classicamente, a criptococose ¢ conhecida por atingir principalmente hospedeiros
imunocomprometidos. Provavelmente por esse motivo, a maioria dos estudos, tanto
fenotipicos como genotipicos, dos agentes da criptococose se concentra na espécie C.
neoformans, sendo que muitas vezes a espécie (C. neoformans ou C. gattii) ndo ¢ determinada
no laboratério clinico. C. neoformans e C. gattii possuem diferengas bioquimicas,
epidemioldgicas, fisioldgicas e ecologicas. Além do mais, tem-se observado que criptococose
por C. gattii tem maior tendéncia a formagao de criptococomas e um maior indice de recaidas
do que infec¢des por C. neoformans (Lazéra e col., 2005; Harrison, 2000). Apesar das
diferencas, a primeira escolha no tratamento para criptococose por ambas as espécies € o
mesmo, anfotericina preferencialmente associado a 5-flucitosina na fase de indugdo e

fluconazol na de manutencao.

A grande maioria dos trabalhos de suscetibilidade antifingica ou correlacdo clinica
esta voltada para isolados clinicos ou ambientais de C. neoformans (Dannaoui e col., 2006;
Dias e col., 2006; Larsen e col., 2007; Aller e col., 2007). Existem poucos estudos que
retratam a sensibilidade antifingica de C. gattii, sendo que trabalhos mais recentes
determinaram a suscetibilidade de C. gattii frente a novas drogas como albaconazol e

voriconazol (Morera-Lopez e col., 2005; Khan e col., 2007).

2.8 - EPIDEMIOLOGIA MOLECULAR

Estudos moleculares vém sendo utilizados para ajudar na maior compreensao do fungo
e seu comportamento. Durante a década de 80, as técnicas moleculares complementaram a
anatomia, morfologia, embriologia e fisiologia comparativa, incluindo a analise de

componentes quimicos e, principalmente a caracterizagdio de macromoléculas. O
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desenvolvimento de marcadores moleculares, os quais sdo baseados em polimorfismos
encontrados em proteinas ou DNA, contribuiu para a pesquisa em varias disciplinas como
taxonomia, filogenia, ecologia e genética (Weising e col., 1995). Nas ultimas décadas, a
molécula de DNA tem sido o principal alvo de estudo quando se necessita de informacdes a
respeito de polimorfismos, pois a seqiiéncia € Unica para cada individuo e essa seqiliéncia pode
ser explorada para estudo de diversidade genética e correlagdo entre individuos (Weising e

col., 1995).

A técnica que utiliza eletroforese em campo pulsado permite a separagao de
macromoléculas, facilitando o estudo dos cromossomos. Com isso, foi visto que C.
neoformans tem aproximadamente 23Mb. O ntimero de cromossomos de C. gattii varia de 9 a
14, tendo como nimero mais freqiiente 13 cromossomos. O nimero mais encontrado em C.
neoformans ¢ de 12 cromossomos, podendo variar de 9 a 15 (Wickes, Moore & Kwon-Chung,
1994). C. neoformans e C. gattii possuem mecanismos que permitem alteragdes
cromossomiais na natureza, possibilitando uma instabilidade continua do genoma (Perfect e
col., 1993). Tais alteracdes podem ser conseqiiéncia de ndo-disjuncdo cromossomial dando
origem a aneupléides. O sequenciamento do genoma completo de C. neoformans demonstrou
grande quantidade de transposons em todo genoma, sendo a maioria deles localizada em
regides centroméricas, o que pode levar a instabilidade cariotipica e fenotipica (Loftus e col.,

2007).

O uso de ferramentas de biologia molecular para estudos epidemiologicos ¢ importante
para a compreensdo da dinamica de um microrganismo patogénico na popula¢do humana,
para decifrar a complexa relagdo entre comensalismo e infecgdo, identificar a origem de uma
infec¢do, monitorar o surgimento de cepas resistentes a antifingicos e mesmo para identificar

novos alvos antigénicos para ac¢do de futuras vacinas (Soll, 2000).

Técnicas moleculares tém sido utilizadas para o estudo da epidemiologia do complexo
de espécies C. neoformans com bons resultados, como DNA-fingerprinting, RFLP
(“restriction fragment length polymorphisms”), cariotipagem (Wickes e col, 1994) e

sequenciamento de regido intergénica do RNAr (IGS) (Diaz e col., 2000).

Estudo realizado com cepas provenientes do Rio de Janeiro (RJ) e de Belo Horizonte
(MG) e, cepas de Nova York, com as técnicas de cariotipagem, RFLP e sequenciamento do

gene URAD, sugere uma dispersdo global, predominantemente clonal, de cepas de sorotipo A,
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apontando para a ocorréncia de isolados de ambos os paises bastante similares do ponto de
vista genético (Franzot e col., 1997). Este carater mundial de dispersao clonal do principal
sorotipo relacionado a formas oportunistas da criptococose foi observado em outros trabalhos
(Meyer e col., 1999 e 2003, Boekhout e col., 1997). Foi realizado um estudo de diversidade
dos isolados brasileiros de origem clinica e ambiental, principalmente isolados de ocos de
arvores, de C. neoformans e C. gattii utilizando a técnica de DNA-fingerprinting, o qual
reafirmou a dispersdo clonal de C. neoformans, entretanto, demonstrou uma maior
heterogeneidade entre os isolados de C. gattii. O trabalho também identificou genoétipos
idénticos entre isolados clinicos ¢ ambientais sugerindo o oco de arvore como possivel fonte

de infec¢dao humana nas regides estudadas (Trilles, 2000).

O uso da técnica de AFLP (“Amplified-Fragment Length Polymorphism”) tem
demonstrado bastante eficiéncia em estudos de diversidade genética e de taxonomia de
bactérias, fungos, plantas e animais. Em resumo, a técnica consiste no corte do DNA total
com enzimas de restricdo, seguido pela amplificacdo pré-seletiva dos fragmentos ligados a
adaptadores e de uma segunda amplificagdo mais seletiva do que a anterior (Borst e col.,
2003). Apesar de inicialmente mais laboriosa do que outra técnica baseada em PCR, a
quantidade de informagdes pode ser estendida com a utilizagdo dos multiplos pares de primers
(iniciadores) que podem ser usados em uma mesma reacdo digestdo/ligacao, além da alta

reprodutibilidade do método (Lopes e col., 1999).

Boekhout e colaboradores (Boekhout e col., 2001), utilizando a técnica de AFLP,
identificaram seis linhagens distintas, trés para C. neoformans ¢ trés para C. gattii. Em cada
um desses grupos, uma das linhagens aparentemente representa cepas hibridas, mas nao foram
encontrados perfis recombinantes entre as variedades, reafirmando a idéia de trabalhos
anteriores de que pelo menos duas espécies fazem parte deste complexo que engloba grupos
monofiléticos distintos, sem fluxo génico entre si. Quanto ao modo reprodutivo, diferente dos
trabalhos anteriores, este grupo sugeriu que tanto a recombinacdo como a expansao clonal
fazem parte da estratégia de reproducdo e adaptacdo do fungo. Em trabalho recente de nosso
grupo em colaboragcdo com Dr. Boekhout, CBS, Holanda (Trilles e col., 2003), no qual foi
utilizada a técnica de AFLP para a andlise da diversidade de cepas isoladas de ocos de
arvores, foi verificado que a expansdo clonal de C. neoformans pode ocorrer numa tnica
arvore e que isolados de arvores vizinhas podem ser geneticamente similares, sugerindo que a

populacao de Cryptococcus pode ser clonalmente dispersada na regido. Tanaka e col. (2003),
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realizaram estudo de variabilidade na populacao F1 resultante do cruzamento de cepa sorotipo
D MATa e cepa sorotipo A MATalpha. Em tal estudo nao foi observada recombinagao de tipo
sexuado com sorotipo, sugerindo que ambos estdo vinculados a genes que se encontram no

mesmo cromossomo. Entretanto, estes sdo dados preliminares, pois F2 ndo foi analisada.

Esses aspectos da reproducgdo, gerando variabilidade, seja por recombinacao sexuada,
parassexualidade ou mutagdo, sdo fundamentais para o entendimento da producdo de

genotipos virulentos, da suscetibilidade a drogas e da relag@o parasita-hospedeiro.

Sorotipagem j& foi amplamente utilizada para estudos epidemioldgicos de C.
neoformans ¢ C. gattii (Nishikawa e col., 2003), porém, a falta de kit comercial no mercado
fez com que houvesse aumento na utilizagao de ferramentas moleculares. Estudos de tipagem
molecular dos agentes da criptococose tém utilizado diferentes métodos em amplas séries de
isolados de origem humana, animal e ambiental, como PCR-fingerprinting (com iniciador
M13 e [GACA]s) e RFLP dos gene URAS e PLB1 segundo Meyer e col. (1999, 2003) e,
AFLP, segundo Boekhout e col. (2001). Comparados, estes métodos mostram boa
correspondéncia entre si, bem como relagdo com sorotipos: C. neoformans (VN1/AFLPI,
sorotipo A; VNII/AFLP1A, sorotipoA; VNIII/AFLP3, sorotipo AD; VNIV/AFLP2, sorotipo
D); C. gattii (VG1/AFLP4, VGII/AFLP6. VGIII/AFLP5, VGIV/AFLP7, sorotipos B ou C)
(Kidd e col., 2004).

Existem alguns trabalhos de tipagem molecular utilizando as metodologias citadas
acima, sendo que os tipos VNI (para C. neoformans) e VGI (para C. gattii) predominam no
mundo como agentes de criptococose (Ellis e col., 2000). Porém, na América Latina, a
distribui¢do e ocorréncia de tipos moleculares de C. gattii mostra-se diferente dos demais
continentes (Meyer e col., 2003; Trilles e col., 2003). Estudo realizado com isolados de paises
iberoamericanos identificou o tipo molecular VGIII como sendo o tipo circulante mais
comum de C. gattii na América do Sul (Meyer ¢ col., 2003). Igreja e colaboradores (2004),
em estudo de isolados seriados com a utilizagdo de PCR-fingerprinting e RAPD, verificaram
que ¢ rara a infeccdo devido a mais de uma cepa, sendo a criptococose persistente
conseqiiéncia de recaida na grande maioria das vezes, porém foi identificado um caso de
infecgdo multipla por C. neoformans e C. gattii. Estudos mais recentes no Brasil identificaram
em amostras clinicas os tipos VNI e VNII, e em amostras ambientais VNI e VGI (Abegg e

col., 2006; Matsumoto e col., 2007). Foi verificado que o agente da epidemia da Ilha de



25

Vancouver, Canada, ¢ o VGII, sendo que os isolados, tanto clinicos como ambientais da

regido, apresentam grande similaridade genética (Kidd e col., 2004).

Apesar da tipagem VN/VG estar sendo bastante utilizada nos ltimos anos, ainda nao
ha um método de genotipagem universalmente aceito, o que ¢ fundamental para conseguir um

prognostico preciso da emergéncia de cepas altamente virulentas no mundo.

Uma metodologia reprodutivel e com grande poder de identificar polimorfismos ¢ o
SSRs (“Short Tandem Repeats™) ou microsatélites. SSRs ¢ capaz de detectar seqiiéncia de
repeticdes de 1 a 6 pares de bases, sendo que o numero de repetigdes freqlientemente varia
entre individuos, dentro de uma mesma populagdo ou entre espécies diferentes (Karaoglu e
col., 2005). Outra metodologia recente com alto grau de especificidade e que favorece a
genotipagem e a deteccdo de mutagdes ¢ o “Rolling Circle Amplification” (RCA) com a
utilizagdo de sondas “Padlock™, as quais possuem dois segmentos nas extremidades
complementares a seqiiéncia alvo, que sdo conectadas por uma ligase (Nilsson e col., 1994;
Demidov, 2002). Tal metodologia tem grande potencial para o diagndstico e tem sido
utilizada para a identificacdo das espécies de Trichophyton spp., apesar da pouca variagdo

genética entre elas (de 3 a 4 pares de bases na regido ITS) (Kong e col., 2008).
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3.- OBJETIVOS

1. Avaliar e comparar a atividade in vitro dos antifingicos tradicionais e dos novos azdis,
como voriconazol, ravuconazol e albaconazol, frente a cepas clinicas e ambientais de C.
neoformans e C. gattii.

2. Avaliar a suscetibilidade de varias espécies de Cryptococcus spp. frente a micafungina
associada a anfotericina B e a azdis.

3. Avaliar a aplicagdo de nova técnica molecular, “rolling circle amplificatiom” (RCA), na
identificagdo C. neoformans e C. gattii.

4. Determinar o tipo sexuado (gene de feromédnio) de Filobasidiella neoformans, como fator
de viruléncia, de casos humanos de criptococose e de diferentes fontes saprobias
ambientais deste agente no Brasil.

5. Analisar a variabilidade genética das cepas brasileiras de C. neoformans e C. gattii
relacionando-as com os padroes determinados.

6. Caracterizar os gendtipos e correlaciond-los com diferentes fenotipos, biotopos, fontes

ambientais e regides geograficas no Brasil.
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4 - ARTIGO |

In vitro antifungal susceptibility of Cryptococcus gattii.

Publicado na revista Journal of Clinical Microbiology em outubro de 2004, vol. 42 (10), p.
4815-4817.

Este primeiro artigo retrata os perfis de sensibilidade de C. gattii frente a varios
antifingicos em testes in Vvitro, antifingicos como anfotericina B, fluconazol, itraconazol,
flucitosina, cetoconazol, voriconazol, ravuconazol, albaconazol e micafungina. Além de

realizar uma comparagdo da sensibilidade entre C. neoformans e C. gattii.
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Abstract

We have determined the in vitro susceptibilities of 57 strains of Cryptococcus gattii to
nine antifungal agents and have compared the MICs for these strains with those for C.
neoformans. MICs were determined by a microdilution reference method. Albaconazole
and ravuconazole (MICs of 0.04 and 0.05 pg/ml, respectively) showed the best activities.
Micafungin showed no activity (MIC of > 128 pg/ml). In general, C. gattii was less
susceptible than C. neoformans to all drugs tested, with the exception of amphotericin B

and flucytosine.

Cryptococcosis is a relevant human infection generally associated with high mortality.
Cryptococcus neoformans, the responsible agent, has been traditionally classified into two
varieties, C. neoformans var. neoformans and C. neoformans var. gattii. However, recent
molecular studies have indicated that the two varieties should be recognized as separate
species, C. neoformans and C. gattii (4, 8). Although both affect the lungs and central nervous
system, the infections caused by the two species have important differences in
epidemiologies, clinical presentations, and therapeutic outcomes (7, 18). C. neoformans
causes infections worldwide, mainly in immunocompromised hosts. By contrast, C. gattii is
geographically restricted to tropical and subtropical regions and affects mainly
immunocompetent hosts (3, 19). In the north and northeast regions of Brazil, C. gattii is
endemic, prevailing in 62.7% of the cryptococcosis cases (14). Also, infections caused by C.
gattii seem to have poorer responses to antifungal therapy than those caused by C.
neoformans (22). Despite these differences, only C. neoformans has been included in the
guidelines of the National Committee for Clinical Laboratory Standards (NCCLS) (13) for



29

testing yeast. Some studies on the in vitro antifungal susceptibility of C. neoformans have
been performed (11, 16, 21), but scarce data exist on the other species. Only a few strains of
C. gattii have been tested up to now. Also, the results of these studies have been very
contradictory (1, 12, 22). The aim of our study, therefore, was to determine the in vitro
activities of nine agents against a large number of isolates of C. gattii from clinical and
environmental origins and to compare the results with those for C. neoformans.

Eighty-seven strains of Cryptococcus spp. were selected for testing. Among these were
57 strains of C. gattii (52 of clinical origin and 5 of environmental origin) and 30 of C.
neoformans (23 of clinical origin and 7 of environmental origin). The clinical strains were
from patients with cryptococcal meningitis and were isolated in the north, northeast,
southeast, and central regions of Brazil and maintained at FIOCRUZ (IPEC/INCQS) Culture
Collection, Rio de Janeiro, Brazil. Species identification was performed by using standard
methods (9). All isolates were maintained in 20% skim milk at -20°C until the study was
performed. Prior to testing, each isolate was subcultured on Sabouraud dextrose agar (SDA)
to ensure optimal growth. Candida parapsilosis ATCC 22019 and Candida krusei ATCC
6258 were used as quality control strains and included each time that a set of isolates was
tested. MIC ranges were within the control limits recommended by the NCCLS (13). Ranges
of MICs of albaconazole (ABC) and micafungin (MFG) were as follows: 0.1 and 16 to >16
ug/ml, respectively, for C. parapsilosis and 0.06 to 0.125 and 2 to 4 ug/ml, respectively, for
C. krusei.

ABC (J. Uriach & Co, S.A., Barcelona, Spain), amphotericin B (AMB; E. R. Squibb &
Sons, Barcelona, Spain), flucytosine (5FC; Hoffmann-La Roche, Basel, Switzerland),
fluconazole (FLC; Pfizer, Madrid, Spain), itraconazole (ITC) and ketoconazole (KTC;
Janssen Research Foundation, Beerse, Belgium), MFG (Fujisawa Pharmaceutical Co. Ltd.,
Osaka, Japan), ravuconazole (RVC; Bristol-Myers Squibb Company, New Brunswick, N.J.),
and voriconazole (VRC; Pfizer, Madrid, Spain) were obtained as assay powders. Stock
solutions (all drugs) were prepared in dimethyl sulfoxide, with the exception of those of SFC,
FLC, and MFG, which were prepared in water. Serial twofold dilutions were performed as
described by the NCCLS (13). Final dilutions were made in RPMI 1640 medium buffered to
pH 7.0 with 0.165 M morpholinepropanesulfonic acid buffer (Sigma, Madrid, Spain).
Aliquots (100 pl) of each antifungal agent at twice the final concentration were dispensed into

the wells of microdilution trays. The microplates were stored at -70°C until used. The final
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concentrations of the drugs ranged from 0.25 to 128 pg/ml for MFG, from 0.125 to 64 pg/ml
for SFC and FLC, and from 0.03 to 16 pg/ml for all remaining agents.

A broth microdilution method for MIC determination was carried out as described in
NCCLS document M27-A2 (13). Stock inoculum suspensions were prepared from 48-h-old
cultures grown on SDA at 35°C. The suspensions were adjusted to a cell density that ranged
from 1.0 X 10° to 5.0 X 10° cells/ml. Each suspension was diluted 1:50 and further diluted
1:20 in RPMI 1640 medium. An aliquot of 0.1 ml was added to each well of the microdilution
tray to obtain a final inoculum concentration of 0.5 X 10° to 2.0 X 10° CFU/ml, as
demonstrated by quantitative colony counts on SDA. Growth and sterility control wells were
included for each isolate tested. The microplates were incubated at 35°C. The MIC endpoints
were read after 48 and 72 h of incubation. The MIC of AMB was defined as the lowest
concentration that produced 100% inhibition of growth, and the MICs of the other antifungal
drugs were defined as the lowest concentrations that produced an 80% reduction in growth.
After the MIC was measured, the minimum fungicidal concentration (MFC) was determined
as described by other authors (5, 15). The microplates were shaken, and 10 pl from each well
that showed complete inhibition (100% inhibition or an optically clear well) relative to the
last positive well and the growth control (drug-free medium) was cultured on SDA plates at
35°C. The MFC was defined as the lowest drug concentration at which there was either no
growth or fewer than three colonies. This parameter represents killing of approximately 99%
of the original inoculum. Both on- and off-scale MICs and MFCs were included in the
analysis. The high off-scale results were converted to the next highest concentration, and the
low off-scale results were left unchanged. To facilitate the comparison of the activities of the
drugs, geometric mean MICs and geometric mean MFCs were determined for each drug-
isolate combination. Also, to determine the difference between in vitro fungistatic and
fungicidal activities, each MFC was compared to the corresponding MIC for each isolate-drug
combination. Comparisons of proportions were performed by using the Wilcoxon test or the
Mann-Whitney test as appropriate and the statistical SPSS package (version 10.0). P values of
<0.05 were considered statistically significant.

All isolates produced clearly visible growth only after 72 h of incubation. We could
not read the MIC endpoint clearly at 48 h because the growth in all isolates was insufficient.
Table 1 shows the MICs of the drugs tested. When all the strains of the two species were

considered together, the widest ranges of MICs were those of SFC (0.5 to >64 ug/ml) and
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FLC (1 to 64 pg/ml) and the narrowest range was that of the MICs of AMB (0.25 to 2 pg/ml).
Although AMB, ITC, KTC, and VRC showed good activity, the two new triazoles ABC and
RVC (MICs of 0.04 and 0.05 pg/ml, respectively) were more active than the other drugs
tested (P < 0.05). On the other hand, MFG was the least active (MIC of >128 pg/ml). In
general, C.gattii was less susceptible than C. neoformans to all the drugs tested (P < 0.05).
The only exceptions were for AMB and 5FC, because the results between the two species
were not significantly different. Table 2 shows the MFCs of the eight antifungal agents for 87
strains tested. For all isolates, the MFCs of AMB were either the same as or less than two
dilutions higher than the MICs. In contrast, the MFCs of the other drugs for all isolates were
much higher than the MICs, which may indicate that the other antifungal agents have
fungistatic activity.

Because infections caused by C. gattii often have a worse prognosis than those caused
by C. neoformans (18), and because in general these infections are not well studied, there is a
critical need to determinate the in vitro susceptibility of C. gattii mainly to the new antifungal
agents. To our knowledge, this is the first time that more than 21 strains of C. gattii have been
tested.

Currently, AMB alone or in combination with SFC remains the drug of choice for the
treatment of cryptococcal meningitis, although FLC and ITC are also frequently used (17). In
our study, we did not observe strains that were apparently resistant to AMB; in general, MICs
for all isolates tested were <1 pg/ml (MICs for only two strains were 2 pg/ml). Similar results
have been obtained by other authors (6, 11, 24) also using RPMI 1640 medium as the culture
medium. However, strains resistant to AMB have been detected using antibiotic medium 3
(10). Although it is well known that FLC is more effective in vivo than ITC, several in vitro
studies have reported opposite results (6, 16, 20). In our case, FLC also showed higher mean
MICs than ITC (7.07 and 0.20 pg/ml, respectively) for all isolates. In general, ABC and RVC
were the most active drugs tested. VRC also showed good in vitro activity, as has been
reported by other authors (21, 23). In this study, we have compared the antifungal
susceptibilities of clinical and environmental isolates. When all the strains of the two species
were considered together, we did not find any statistically significant differences associated
with origins (P < 0.05). Our results are in agreement with those obtained by other authors (6,
12), who also demonstrated that antifungal susceptibility is not dependent on the origin of the

isolates tested. Comparative studies to determine the differences between the in vitro
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susceptibilities of the two species are scarce, and the results obtained are contradictory. For
example, using a microdilution method, Calvo et al. (1) compared the activities of AMB,
FLC, ITC, and 5FC against 89 isolates of C. neoformans and only 11 isolates of C. gattii.
They obtained verysimilar MICs for both species. Similar results were obtained by Moraes et
al. (12), who tested the same drugs by a macrodilution method, and by Chen et al. (2), who
tested by a microdilution method. However, the results of these two studies disagree with
those of the study of Yee-Chun et al. (22), who demonstrated that C. gattii is less susceptible
than C. neoformans to SFC and AMB. By contrast, our results indicated that C. gattii was as
susceptible as C. neoformans to SFC and AMB. However, C. gattii was more resistant than C.
neoformans to the other antifungal agents tested.

New drugs such as posaconazole have been reported to possess fungicidal activity
against C. neoformans (16). In this study, we have determined the MFCs of the nine
antifungal agents but only AMB showed fungicidal activity.

In summary, we have demonstrated that there are some differences in the antifungal
susceptibilities of the two species of Cryptococcus. However, further in vivo studies are

needed in order to ascertain the predictive value of these in vitro data.
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TABLE 1. Minimum inhibitory concentrations of nine antifungal agentes against 87 isolates of Cryptococcus spp.
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Species (n° tested) MIC

MIC (pg/ml)

parameter® ABZ AMB ITZ 5-FC FCZ  MCF KTZ RVZ VCZ

C. gattii (57) Range <0.03-0.5 0.25-2 0.03-0.5 0.5->64 1-64  >128 <0.03-0.5  <0.03-0.5 <0.03-1
GM 0.06 0.59 0.28 6.16 954  >128 0.10 0.10 0.15
MICyy 0.125 1 0.5 16 32 >128 0.25 0.25 0.25

C. neoformans (30) Range <0.03-0.5 0.25-2  <0.03-0.5 2-16 1-32 64->128 <0.03-0.25 <0.03-0.125 <0.03-0.25
GM 0.02 0.51 0.11 5.12 3.89  >128 0.04 0.02 0.06
MICyy 0.06 1 0.25 8 8 >128 0.125 0.06 0.125

Total (87) Range <0.03-0.5 0.25-2  <0.03-0.5 0.5->64 1-64  64->128 <0.03-0.5 <0.03-0.5 >0.03-1
GM 0.04 0.55 0.20 5.75 7.07  >128 0.07 0.05 0.11
MICyy 0.125 1 0.5 16 32 >128 0.25 0.25 0.25

4 GM, geometric mean MIC; MIC9(, MICs at which 90% of isolates were inhibited



TABLE 2. MFCs of eight antifungal agentes against 87 isolates of Cryptococcus spp.
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Species (n° tested) MIC MIC (pg/ml)
parameter” ABZ AMB ITZ 5-FC FCZz KTZ RVZ vVCzZ

C. gattii (57) Range <0.03-16  0.25-8  0.03-0.5 8->64  0.25->64 0.03->16 0.03->16 0.06->16
GM 1.22 1.04 2.46 >64 46.65 1.90 2.17 291
MICyy >16 2 >16 >64 >64 >16 16 >16

C. neoformans (30) Range 0.03->16  0.5-8 0.06->16  4-16 2->64  0.03->16 <0.03-0.125  <0.03-0.25
GM 2.28 1.02 2.46 >64 18.81 1.58 2.64 3.07
MICyy >16 2 16 >64 >64 >16 >16 >16

Total (87) Range 0.03->16  0.25-8  <0.03-0.5 4->64 1-64 0.03->16 <0.03-0.5 >0.03-1
GM >16 2 >16 >64 >64 >16 16 >16
MICyy >16 2 >16 >64 >64 >16 >16 >16

8The MFC of MFG was not determined (MIC, >128 ug/ml). GM, geometric mean; 90%, MFCs at which 90% of isolates tested were

killed.
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5-ARTIGO II

In vitro Interactions of micafungin with other antifungal drugs against clinical Isolates

of four Species of Cryptococcus.

Publicado na revista Antimicrobial Agents and Chemotherapy em julho de 2005. Vol. 49(7),
p- 2994-2996.

Ainda com o objetivo de caracterizar a suscetibilidade antifungica de Cryptococcus
spp., este segundo artigo busca novas opcdes de tratamento para a criptococose com a
avaliagdo In vitro da suscetibilidade de varias espécies de Cryptococcus spp. frente a

micafungina associada a anfotericina B e a azdis.
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Abstract

The combination of micafungin (MFG) with amphotericin B (AMB), fluconazole,
itraconazole, voriconazole, or ravuconazole was evaluated against 37 strains of
four species of Cryptococcus by the checkerboard method. Antagonism was
never seen. Synergy was observed for some isolates for each combination and
was most frequent with MFG-AMB.

Cryptococcosis is, despite aggressive antifungal therapy, an important cause
of morbidity and mortality in immunocompromised patients, especially those with
AIDS (4, 6, 12). Apart from Cryptococcus neoformans, other species of this genus
are commonly involved in human infections, e.g., C. gattii and, less frequently, C.
albidus and C. laurentii (13, 15, 16). The treatment of choice for cryptococcosis is
amphotericin B (AMB), with or without flucytosine (5FC) and fluconazole (FLC) (24).
The toxicity of AMB and 5FC and the increasing isolation of FLC-resistant strains (5,

25) underline the need for improved treatments and the use of new strategies.
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Combined therapies can be useful for this purpose (17). Several studies have
evaluated the interactions of AMB or 5FC with other drugs or with each other against
Cryptococcus (1, 2, 3, 10, 20, 21, 26), but little is known about the interactions
between echinocandins and AMB or azoles (10, 23). We have evaluated the activity
of micafungin (MFG) in combination with four other drugs against strains of the four
species of Cryptococcus mentioned above.

We tested a total of 37 clinical isolates (Tables 1 and 2). Antifungal agents
were obtained as pure powders. AMB, voriconazole (VRC), itraconazole (ITC), and
ravuconazole (RVC) were diluted in dimethyl sulfoxide. MFG and FLC were diluted in
sterile distilled water. For all drugs, the MIC was defined as the lowest drug
concentration that produced 100% inhibition of visible fungal growth after 72 h of
incubation. Antifungal agents were placed in rows or in columns of the trays to test all
possible combinations; the highest concentrations were 4 ug/ml for AMB, 8 pug/ml for
ITC, VRC and RVC, and 32 ug/ml for FLC and MFG. Drug interactions were
assessed by a checkerboard microdilution method (8). The MIC of each drug alone
was determined according to the NCCLS (19). The fractional inhibitory concentration
index (FICI) was used to classify drug interactions (14). The procedure, conservation
of the strains, and quality controls have all been detailed previously (22, 28).
Approximately 80% of the tests were repeated, and interactions mainly showed the
same tendencies (data not shown).

Table 1 shows the in vitro interactions between MFG and AMB or FLC against
clinical isolates of C. neoformans and C. gattii. Due to the low MICs of ITC, VRC, and
RVC for the strains of C. neoformans and C. gattii tested (<0.12 pug/ml in all cases),
we could not evaluate the in vitro interactions of MFG with these azoles against these
species. MFG-AMB showed the highest percentage of synergistic interactions (70%
for C. neoformans and 80% for C. gattii). MFG-FLC showed a lower percentage of
synergistic interactions (30% for C. neoformans and 20% for C. gattii).

Table 2 shows the in vitro interactions between MFG andAMB or azoles
against clinical isolates of C. albidus and C.laurentii. MFG in combination with AMB
showed synergy for five isolates of C. albidus (50%) and five of C. laurentii (71%).
Synergistic interactions between MFG and FLC were observed for four isolates of C.

albidus (40%) and three isolates of C. laurentii (15%). For the two species, MFG
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combined with ITC showed similar percentages of synergistic interactions, i.e., 30
and 29%, respectively. Interactions between MFG and VRC were highly dependent
on the species tested. With six isolates of C. albidus (60%), this combination showed
synergy, whereas for all isolates of C. laurentii tested, the results were indifferent. A
high number of synergistic interactions were observed with MFG in combination with
RVC for both species tested (60% for C. albidus and 71% for C. laurentii).

Antagonism was not detected for any of the antifungal combinations assayed,
although in 14% of the cases MICs were higher than the highest concentrations used
to detect any interaction.

In our study, AMB generally showed low MICs against all the isolates tested.
AMB alone or in combination with 5FC is commonly used in the treatment of C.
neoformans and C. gattii infections (24), but its toxicity limits its usefulness. FLC is an
alternative regimen for colonization and mild to moderate pulmonary disease in the
immunocompetent host and constitutes a consolidation therapy for severe and
progressive pulmonary and central nervous system disease (24). However, in our
study we observed a wide range of FLC MICs, with a predominance of MICs of 64
ug/ml. ITC can be an alternative to FLC in C. neoformans infections (24). In our study
this drug showed low MICs for C. neoformans, C. gattii, and C. laurentii strains, but
MICs as high as 16 ug/ml were obtained for 3 of the 10 isolates of C. albidus,
suggesting a lack of activity. No clinical reports exist on the use of ITC for the
treatment of C. laurentii and C. albidus infections. The high toxicity of AMB, the
variable activity of FLC, and the poor experience in the management of C. laurentii
and C. albidus infections have led to the testing of new therapeutic approaches.
Combined treatments seem to be good candidates for this purpose. In a preliminary
study (data not shown), we observed a higher percentage of synergistic interactions
with MFG-azole or MFG-AMB than with AMB-azole combinations. Echinocandins are
inactive against C. neoformans (7), and data showing their in vitro activities against
other Cryptococcus spp. are scarce (9, 28, 29). In this study, MFG alone was also
inactive against all of the 37 isolates tested. However, when MFG was combined with
other antifungals, especially AMB, MFG MICs often went down by as much as 10
dilutions, and in many cases they went below peak plasma levels achieved by this

drug in humans (7) and experimental infection (11). Although combinations of MFG
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with azoles have also frequently resulted in synergistic interactions, MICs were
generally over the therapeutic values.

MFG combined with AMB or azoles has also demonstrated synergy and
efficacy in animal model infections of Aspergillus fumigatus (18) and Trichosporon
asahii (27). The good results obtained in this study encourage us to perform further
studies with animal models to confirm the potential of these combinations for the

treatment of cryptococcosis.

We thank C. Sanmarti for technical assistance. This work was supported by a
grant from the Fondo de Investigaciones Sanitarias from the Ministerio de Sanidad y
Consumo of Spain (P1 020114).
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TABLE 1. Interactions of MFG with AMB and FLC against isolates of C. neoformans and C. gattii

Species (n) and MIC (ug/ml) FICI" for MIC (ng/ml) FICIb for
. a

isolate” tested AMB MFG AMB-MFG s B MEG FLC FLC-MFG FLC MEG
C. neoformans (10)

FMR 8393 1 64 0.25/16 0.5 16 16/64 2
FMR 8398 1 64 0.25/16 0.5 32 32/64 2
FMR 8400 0.5 64 0.12/8 0.4 16 16/64 2
FMR 8401 0.5 64 0.12/8 0.4 8 2/2 0.3
FMR 8408 0.25 64 0.12/4 0.6 2 2/64 2
FMR 8409 0.5 64 0.12/16 0.5 1 1/64 2
FMR 8411 1 64 0.25/2 0.3 32 4/0.25 0.1
FMR 8415 0.5 64 0.25/4 0.6 8 8/64 2
FMR 8416 0.5 64 0.12/16 0.5 8 8/64 2
FMR 8420 0.25 64 0.12/8 0.6 4 1/16 0.5
C. gattii (10)

FMR 8402 0.5 64 0.12/16 0.5 64 64/64 2
FMR 8403 0.06 64 0.06/0.06 1 32 32/64 2
FMR 8404 0.5 64 0.12/0.25 0.2 64 64/64 2
FMR 8405 0.25 64 0.12/2 0.6 64 64/64 2
FMR 8406 0.5 64 0.12/0.5 0.2 32 32/64 2
FMR 8407 0.25 64 0.06/16 0.5 64 64/64 2
FMR 8410 0.25 64 0.06/16 0.5 32 8/16 0.5
FMR 8412 0.25 64 0.06/16 0.5 8 2/16 0.5
FMR 8413 0.25 64 0.06/16 0.5 32 32/64 2
FMR 8414 0.5 64 0.12/0.25 0.2 32 32/64 2

a FMR, Faculty of Medicine, University of Rovira i Virgili, Reus, Tarragona, Spain.
b FICI scores: 0.5, synergistic; >0.5 and <4, indifferent; >4, antagonistic (14).



TABLE 2. Interactions of MFG with AMB and various azoles against isolates of C. albidus and C. laurentii
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Species (n) and MIC (ug/ml) FICI® for MIC (ug/ml)  FICIfor MIC (ug/ml) FICI MIC (ug/ml) FICI MIC (ug/ml) FICI for
isolate® tested AMB MFG FLC AMB FLC FLC- FLC ITC ITC-MFG for VRC VRC- for RVC  RVC- RVC-
MFG MFG MFG ITC- MFEG VRC- MFEG MFG
MFG MFG
C. albidus (10)
IHEM 4786 0.5 64  0.25/8 0.6 64  64/64 2 16 16/64 2 16 16/64 2 16 8/32 1
IHEM 2740 025 64  0.06/16 0.5 64  64/64 2 1 1/64 2 2 2/64 2 1 0.25/16 0.5
IHEM 3267 0.5 64  0.12/16 0.5 64  64/64 2 025 025/64 2 8 2/8 0.4 8 1/8 0.2
IHEM 5516 0.5 64  0.25/8 06 64 16/16 05 05 0.1216 05 0.5 0.12/025 02 1 0.25/16 0.5
IHEM 6283 025 64  0.12/8 06 32 16/0.06 0.6 4 1/8 0.3 16 4/0.06 0.2 16 8/8 0.6
IHEM 6286 0.5 64  0.25/4 0.6 64  64/64 2 16 16/64 2 16 16/64 2 16 16/24 2
IHEM 6699 025 64  0.06/0.25 04 64  16/4 0.3 05 02516 2 2 0.5/16 0.5 025  0.06/0.06 0.2
IHEM 6723 1 64  0.25/16 0.5 64  64/64 2 16 16/64 2 16 16/64 2 16 16/64 2
IHEM 6895 0.5 64  0.12/16 0.5 64 16/05 0.2 1 0.25/16 0.5 1 0.25/16 0.5 2 0.5/16 0.5
IHEM 10432 025 64  0.12/1 0.6 16  4/025 02 0.25 0.122 0.6 025 0.06/16 0.5 0.25 0.06/16 0.5
C. laurentii (7)
IHEM 8060 0.5 64  0.12/16 0.5 16 16/64 2 1 0.25/16 0.5 025 025/64 2 2 0.06/16 0.5
IHEM 8061 0.5 64  0.12/8 0.3 4 4/64 2 4 4/64 2 2 2/64 2 2 1/16 0.5
IHEM 8062 0.5 64  0.12/16 0.5 32 16/0.06 0.6 1 0.25/16 0.5 0.5 2/64 2 2 0.12/8 0.6
IHEM 8063 0.5 64  0.12/16 0.5 2 1/0.06 0.6 025 025/64 2 2 1/64 2 2 0.06/16 0.5
IHEM 8064 025 64  0.12/64 0.7 64  64/64 2 0.12 0.12/64 2 2 0.12/64 2 2 0.5/64 2
FMR 8123 025 64  0.06/0.06 0.2 32 32064 2 0.5 0.5/64 2 2 0.25/64 2 2 0.12/64 2
FMR 8515 0.5 64  0.12/16 0.5 64  16/0.06 0.2 05 0.12/16 05 05 02516 0.7 0.7 0.5/64 2
a FMR, Faculty of Medicine, University of Rovira i Virgili, Reus, Tarragona, Spain; IHEM, Scientific Institute of Public

Health, Louis Pasteur Institute, Brussels, Belgium.
b FICI scores: <0.5, synergistic; >0.5 and <4, indifferent; >4, antagonistic (14).
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6 - ARTIGO Il

Rolling circle amplification as a rapid and sensitive method for species identification

within the Cryptococcus species complex.

O artigo foi enviado para a revista “Eletrophoresis” em dezembro de 2007.

Este artigo descreve uma nova técnica molecular, “rolling circle amplificatiom” (RCA), sendo
aplicada pela primeira vez no complexo de espécies C. neoformans para ser utilizada na
identificagdo C. neoformans ¢ C. gattii, incluindo a identificagdo dos tipos moleculares ¢ de

hibridos, de uma forma rapida e com alta sensibilidade.
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ABSTRACT

The Cryptococcus species complex contains two closely related basidiomycetous yeast
species: Cryptococcus neoformans and C. gattii, which cause cryptococcosis in humans and
other animals. The currently recognized species and varieties are characterized, by different
clinical, epidemiological, biochemical and molecular features. The currently used
identification methods are either time consuming or not anymore commercially available.
However, a rapid, sensitive and robust assay for the detection of these fungal pathogens is
vital for early diagnosis and appropriate treatment decisions. To overcome those limitations
four padlock probes targeting species-specific single nucleotide polymorphism at the internal
transcribed spacers (ITS) of the RNA gene locus were developed and applied during
isothermal rolling circle amplification (RCA). The probes were tested against 99 samples,
including 94 clinical cryptococcal cultures, three closely related Cryptococcus species, and
two clinical specimens. The use of the padlock probes and the combination of probe signal
amplification by RCA provided a quick and sensitive assay for the accurate identification of
C. neoformans var. grubii, C. neoformans var. neoformans and C. gattii. RCA was also useful
to detect hybrids, when they were heterozygous at the ITS region of the rRNA locus. The
RCA results were in agreement with the previous genotyping data based on PCR

fingerprinting, AFLP and ITS sequencing.

INTRODUCTION
The Cryptococcus species complex contains basidiomycetous encapsulated yeasts, which are

currently classified into two species with five serotypes, C. neoformans (serotype A, D and
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AD) and C. gattii (serotype B and C) [1]. Both species are the causative agent of life-
threatening infections in humans and other animals [2].

The first species in this species complex, C. neoformans, is an opportunistic human
pathogen, causing infections mainly in immunocompromised patients, and occurs globally
[3]. This species contains two varieties, which are separated based on their serological and
molecular differences. C. neoformans var. grubii, containing isolates of serotype A, being the
most prevalent strains globally [4], and C. neoformans var. neoformans, containing isolates of
serotype D, being more geographically restricted to Europe and Latin America [3]. In addition
to the two varieties this species also contains hybrid isolates between the two varieties, those
showing an AD hybrid serotype [5].

The second specie in this species complex, C. gattii, was recently raced to species
level based on biochemical, clinical, ecological and molecular features [1], it contains isolates
of the serotypes B and C [6]. This species is a primary pathogen causing infections manly in
immunocompetent patients and was thought to be geographically restricted to tropical and
subtropical climate zones [2, 7]. However, since 1999 isolates of a specific molecular type
(VGII) of this species are the cause of an ongoing outbreak of cryptococcosis on Vancouver
Island BC, Canada, indicating a strong shift in its ecological niche [8, 9]. In addition
infections caused by C. gattii tent to be more severe than the ones caused by C. neoformans
resulting in pulmonary mass lesions after prolonged asymptomatic infections, which than
need to be treated often much longer [10]. It is now clear that both species are substantially
different in their clinical manifestations, treatment out disease outcome, which makes it
necessary to develop rapid, sensitive and robust assay for the detection of these fungal

pathogens to obtain an early diagnosis and make appropriate treatment decisions.
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Based on molecular features the strains of the Cryptococcus species complex have
been divided by PCR-fingerprinting [11], amplified fragment length polymorphism (AFLP)
[12], URAS5-[11] and PLB1-RFLP [13] analysis into eight major molecular types: isolates of
C. neoformans var. grubii serotype A correspond to VNI/AFLP1 and VNII/AFLP1A; isolates
of C. neoformans var. neoformans, serotype D correspond to VNIV the AD hybrid isolates
correspond to VNIII/ALFP3; and all isolates of C. gattii independent of their serotype B or C
correspond to VGI/AFLP4, VGII/AFLP6, VGIII/AFLPS5 and VGIV/AFLP7. Recently there
are a number of reports on additional hybrids between the two species namely the serotypes D
and B. The Dutch BD hybrids are characterised by the AFLPS8 pattern [14]. Work currently
underway showed that South American BA hybrids show mixed RFLP patterns, which reflect
the VNI and the respective VG type involved in the hybrid [Meyer & Trilles, personal
communication].

Traditionally, the identification of these fungi has been based largely on culture-based
growth characteristics, subsequently confirmed by biochemical and serological assays [2].
These analyses can become cost-, labour- and time-expensive for accurate diagnosis. In
addition the Crypto check kit (Iatron, Tokyo, Japan) for serotyping is no longer commercially
available, making it necessary to develop alternative methods to identify the species and
varieties within the Cryptococcus species complex. While the most sensitive tests available
for the molecular detection and separation of Cryptococcus species complex involve the use
of PCR fingerprinting [11, 15, 16], AFLP [12] and restriction fragment length polymorphism
(RFLP) of URA5- and PLB1- RFLP analysis [11, 13], they are time consuming and sensitive
to contamination, which can result in non-specific amplification products. Therefore

alternative methods are needed to provide rapid, and reliable detection and confirmation.
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Molecular padlock probe technology is a combination of pathogen-specific molecular
recognition and universal amplification, which offers an alternative platform that can be
handled by individuals without specialized training to detect pathogens quickly and
accurately. Padlock probes are long oligonucleotides of ~100 bases, and comprise two
sequences complementary to the 5’ and 3’ terminal of the target sequence joined by genetic
linker region. When they hybridize, head to tail, to the target, the 5* and 3’ terminals of the
probe are juxtaposed, forming a closed, circular molecule following incubation with a DNA
ligase [17]. The ability of padlock probes to accurately identify single nucleotide
polymorphism (SNP)s has been demonstrated, and the intensity of the signal generated by the
circularized probe can be increased, exponentially, by rolling circle amplification (RCA)
(Figure 1) [18]. This technology has been used for the detection of human pathogenic viruses
[19] and bacteria [20]. In this study, we investigate the use of padlock probes used in
combination with RCA for high throughput rapid identification and differentiation of isolates

of the Cryptococcus species complex.

MATERIALS AND METHODS

Cultures

A total of 99 isolates and specimens, including 94 cryptococcal cultures, three closely related
species: C. albidus, C. curvatus and C. luteolus, and two routine clinical specimens were
investigated (Table 1). These cultures are maintained at the Australian Medical Fungus
Collection at Westmead Hospital, Sydney, Australia. All strains studied have been previously

identified by conventional biochemical and molecular methods.

Padlock probe design
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We selected internal transcribed spacers regions of the ribosomal RNA sequences [16] as the
target for the specific probe design. This gene has been used extensively for the phylogeny
and diagnostic identification of medical fungi, and also a large number of sequences are
available for comparison. Relevant sequences [16] were downloaded from GenBank and
aligned using Clustal X [21]. Four padlock probes, recognizing a specific SNP at position 110
and 223 of ITS (Figure 2), were designed as previously described [22]. The padlock probe
RCAI1-ITS targets a “T” at position 110, RCA2-ITS targets an “A” at position 110, RCA3-
ITS targets an “A” at position 223 and finally RCA4-ITS targets a “G” at position 223 (Figure
2 and Table 2). To ensure the efficiency of padlock probe binding, the padlock probes were
designed with minimum secondary structure as well as 5° end probe binding arm Tm close to
or above ligation temperature (60°C in the study, see below). To increase 3’ end binding
specificity, 3’ end bind arm was designed with Tm 10°C-15°C below ligation temperature.
The genetic linker region was also carefully designed to minimize any similarity to any
known species after BlastN search against GenBank. In addition, the primers which were used
to amplify the specific padlock probe signal during RCA, RCA-ITS-Crypto-F and RCA-ITS-
Crypto-R (Table 2), were designed specifically to bind to the linker regions of the above

designed padlock probes with a Tm of about 55°C.

DNA extraction and ITS PCR amplification
Genomic DNA was extracted as described previously [11]. The ITS1-5.8S-ITS2 region was

amplified in a 50 Ul reaction volume containing 30 ng of DNA, 1x PCR buffer (Applied
Biosystems, USA), 0.2 mM of each dATP, dCTP, dGTP,and dTTP and 25 ng of each of the
two primers SR6R (5’AAGTAAGAAGTCGTAACAAGG3’) and LR1 (5’

GGTTGGTTTCTTTCCT 3’) (23) and 2.5 U Taq DNA polymerase (Applied Biosystems,
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USA) as described previously [16]. The amplicons were then purified with the PCR

purification kit (Invitrogen, USA) according to the manufacturers instructions.

Padlock probe ligation

The ligation of the padlock probe to the amplified PCR products was performed in a 10 pl
reaction mixture, containing 0.5-2pmol of PCR product, 2 U of pfu DNA ligase (Stratagene,
Integrated Sciences) and 0.2 UM of the padlock probe in 20 mM Tris-HCI (pH 7.5), 20 mM
KCl, 10 mM MgCl12, 0.1% Igepal, 0.01 mM rATP, 1 mM DTT. The ligation reaction was
conducted with one cycle of 3 min denaturation at 94°C followed by 5 min ligation at 65°C
for probes RCA3-ITS and RCA4-ITS, and with 3 cycles of the same conditions for probes

RCAI1-ITS and RCA2-ITS.

Exonucleolysis

Exonucleolysis is necessary to remove non-circularised padlock probe and excess PCR
product template and to reduce subsequent ligation-independent amplification. It was
performed in a 20 pl volume by adding 2 pl of 1x digestion buffer and 10 U each of
exonuclease I and III (New England Biolabs) to the ligation mixture. The mixtures were then

incubated at 37°C for 30 min, followed by 94°C for 1 min to inactivate the exonuclease.

Hyperbranched rolling circle amplification (HRCA) reaction.

RCA reactions were performed in a 50 pl volume by adding 30 pl reaction mixture containing
8 U of Bst DNA polymerase (New England Biolabs), 400 uM deoxynucleoside triphosphate
mix, 10 pmol of each RCA-ITS-Crypto-F and RCA-ITS-Crypto-R primer (Table 2), 5% of

DMSO (v/v) and 1X Sybr Green I (Sigma) to the post-digestion mixture. Circularized probe
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signals were amplified by incubation at 65°C for 30 min and the accumulation of dsDNA
products were monitored in a Corbett RotorGene 3000 real-time PCR machine (Figure 3).
The end products can also be loaded on a 1.5% agarose gel and visualized under UV light.
The positive signals were visualised as a ladder of bands starting at one unit circle length and

extending in discrete increments to several thousands of nucleotides (Figure 4).

RESULTS AND DISCUSSION

Species detection

RCA amplification in combination with real-time-PCR was applied to differentiate the species
and varieties of the Cryptococcus species complex from pure culture and clinical specimens.
A signal generated from the respective probe demonstrated a positive result, while no signal
indicated negative results (Table 1, Figure 3). All Cryptococcus neoformans var. grubii strains
studied generated positive signals after hybridization with the probes RCA1-ITS and RCA3-
ITS, and all the C. neoformans var. neoformans strains were positive with the probes RCA2-
ITS and RCA4-ITS (Table 1). In contrast all the C. gattii strains gave positives signals with
the probes RCA1-ITS and RCA4-ITS (Figure 3A). The combination of the four specific
probes was able to accurately differentiate C. neoformans var. grubii and C. neoformans var.
neoformans from C. gattii and did not generate any false positives (Table 1). All tested C.
neoformans var. grubii (molecular type VNI and VNII), C. neoformans var. neoformans
(VNIV) showed positive results when tested with the molecular type specific probes (Table
1). These results have been consistent with conventional typing methods such as PCR
fingerprinting, PLB1- and URAS-RFLP analysis [11, 12, 13]. The combination of probes also
confirmed the identity of all C. gattii (VGI-VGIV) strains with the exception of two strains:

WM 1802 and WM 1804, which produced a weak positive result with the probe RCA1-ITS.
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We therefore determined the ITS sequences of both strains, which revealed that they had a
mismatch at the position 106 (where a substitution from A to C occurred, data not shown),
which lead to a destabilization of the hybridization between the probe RCA1-ITS and the
target sequence.

To test for species-specificity of the herein designed padlock probes we tested three
closely related medical relevant species: C. albidus, C. curvatus and C. luteolus. All three
species showed a positive result with the probe RCA3-ITS. Sequencing of the ITS region of
those three species showed that they share the same SNP with C. neoformans var. grubii at
position 223. However, the combination of the results of all four probes was able to accurately
differentiate them from members of the Cryptococcus species complex. The padlock probes
proved to be specific to the targeted species.

The two clinical specimens tested, containing genetic materials from human tissues,
were negative to all four probes, illustrating the insensitivity of the used probes to non-target
sequences. These results encourage a large scale test of the designed padlock probes in a

clinical diagnostic setting.

Recognition of hybrids

Rolling circle amplification in combination with the designed padlock probes was also used to
genotype ten serotype AD hybrid isolates. The obtained results were not fully congruent to
that obtained by PCR fingerprinting or conventional serotyping using the latron Crypto check
Kit (Japan). Two of the suggested AD hybrid strains were identified as C. neoformans var.
grubii, showing positive results with the probes RCA1-ITS and RCA3-ITS, five were
identified as C. neoformans var. neoformans, showing positive results with the probes RCA2-

ITS and RCA4-ITS (Table 1). The remaining three AD hybrids produced positive signals to
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all four probes, suggesting the presence of alleles from both serotypes A and D in the
ribosomal gene locus. Previous research demonstrated that AD hybrids could be either
diploide or aneuploids and they may not be heterozygous in all gene loci [24]. The loss of a
specific gene locus could be accounted for by the fact that chromosome loss or gene reversion
might have occurred as a result of genome instabilities, which inturn could account for the
three different results obtained for the AD hybrid strains.

Finally RCA in combination with the herein designed padlock probes was used to
genotype nine South American strains, in which contradictory results between serotyping and
PCR fingerprinting/RFLP had previously been obtained (Table 3). The RCA data were
consistent with the PCR fingerprinting/RFLP results for seven strains (WM 05.459, WM
05.406, WM 05.405, WM 05.549, WM 05.449, WM 05551), but provided intriguing signals
for the other two strains. Strain WM 05.532 was identified as molecular type VNI and by
URAS5-RFLP as molecular type VNII, both representing C. neoformans var. grubii, but had
sometimes a negative and other times a positive growth in CGB agar, indicating either being
C. neoformans or C. gattii, and had serotype B, C. gattii. RCA indicated it could be a mix
between C. neoformans var. grubii and C. gattii, a potential AB hybrid, because it produced
positive signals with three out of the four probes, with the exception of probe RCA2-ITS
(Figure 3E). Strain WM 05.458 was identified by PCR fingerprinting as C. neoformans var.
grubii (molecular type VNI) but serotyping and positive growth on CGB agar identified it as
the serotype B, C. gattii. RCA suggested the strain is a mixture of both, with a weak positive
signal for probe RCA4-ITS (Figure 3F), a potential AB hybrid. We have repeated the
investigation and recorded the same result. These inconsistencies may be a result of
aneuploidy in hybrid strains [12, 14]. Also Cryptococcus strains can undergo phenotypic as

well as genotypic changes during prolonged propagation and improper storage.



59

Advantages of RCA

Diagnostic assays require speed, specificity and reproducibility all those criteria are major
characteristics of padlock probes and RCA. The proposed diagnostic protocol requires only a
simple PCR reaction, a couple of simple additions of buffers, primers and enzymes followed
by a warming for 60 mins at 65°C, which is then followed bye real-time-PCR assay.
Subsequently the hand-on time of the whole experiment is less than 5 hrs, which is
significantly shorter than the time required for PCR fingerprinting, RFLP analysis. In addition
it is a clear cut identification based on a simple positive or negative result obtained during
RCA, eliminating subjective criteria as needed during the analysis of such complex banding
patterns as being obtained by PCRfingerprinting or the possible switching results obtained in
some case by serotyping. A further advantage of the herein developed RCA padlock probe
identification method is that it needs only minimal amounts of starting genomic DNA, which
lends the technique to be eventually used directly on yeast colonies obtained on a primary
isolation plate, avoiding the growth of pure yeasts cultures before any molecular test could be
carried out. Finally the test is highly specific for the members of the Cryptococcus species
complex, since its targets single nucleotide polymorphisms (SNPs) specific for either C.
neoformans var. grubii, C. neoformans var. neoformans and C. gattii, which are then detected
by RCA using specific primers targeting the loop of the Cryptococcus species complex
specific padlock probes. For laboratories, which do not have access to real-time-PCR, the
positive results could simply be visualized by normal agarose gel electrophoresis (Figure 4).
Positive results are indicated by the presence of multiple bands, which are the result of hyper-
branched amplification, while a negative result is caused by a mismatch between the padlock

probe and the target DNA prevents the hyper-branched rolling circle amplification, which
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results in the lack of band on the gel. The current RCA assay lends its self to be optimized for
a multiplex strategy, which will further speed up the time for identification and

differentiation.

CONCLUDING REMARKS

We have developed species- and variety-specific padlock probes, which in
combination with rolling circle PCR are able to differentiate between the members of the
Cryptococcus species complex and can be used to detect potential hybrid strains and a
possible mixed infection. Further larger scale studies to determine the sensitivity and clinical
utility of this method are now warranted and will be necessary before the technique can be

applied in wider clinical settings.
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Figure legends

Figure 1. Schematic representation of the different steps of RCA method used. 1. Ligation
step; Padlock probes containing the complementary sequences at the 5’ and 3’ end hybridized
to the target template. In the case of a perfect match, the probe will be circularised by DNA
ligase (A); while in the case of miss-match, no ligation should occur (B). 2. Exonuclease
digestion step: Non-hybridised template will be removed by the exonuclease. 3. Rolling circle
amplification step: Tandem repeat sequences were generated by the rolling circle
amplification. 4. Detection step: The amplification was monitored in real-time using SYBR

green or agarose gel electrophoresis.

Figure 2. ITS sequence alignment of the 8 major molecular types of the Cryptococcus species
complex to illustrating the polymorphism at the two positions 110 and 223, which were used

for the padlock probe design.

Figure 3. Amplification curves for various strains in the investigation. Positive results were
indicated as the florescent signals increased exponentially. A. C. neoformans var. grubii
(serotype A, molecular types VNI and VNII), e.g. strain WM 1462 ; B. AD hybrid (molecular
type VNIII), e.g. strain WM 05.549; C. C. neoformans var. neoformans (serotype D,
molecular type VNIV), e.g. strain WM 05.469; D. C. gattii, (serotypes B and C, molecular
types VGI, VGII, VGIII and VGIV), e.g. strain WM 727; and E. potential AB hybrids with a
strong signal for probe RCA4-ITS, e.g. strain WM 05.532 and F. potential AB hybrid with a

weak signal for probe RCA4-ITS, e.g. strain WM 05.458.
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Figure 4. Agarose gel electrophoresis of strain WM 1462 (C. neoformans var. grubii, VNI) as

an alternative visualization method to real-time-PCR.
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Table 1. The strains and specimens investigated in this study and the results obtained by

RCA.

WM number

Other no.

Molecular type

Serotype

RCAL-ITS

RCA2-ITS

RCA3-ITS RCAA4-ITS

Cryptococcus neoformans var grubii

WM 419 ATCC90112 VNI A P N P N
WM 2573 M27049 VNI A P N P N
WM 721 VNI A P N P N
WM 148 VNI standard strain VNI A P N P N
WM 1416 RV59369 VNI A P N P N
WM 1421 NIH193 VNI A P N P N
WM 1641 LA26 VNI A P N P N
WM 1897 LA182 VNI A P N P N
WM 1742 LA264 VNI A P N P N
WM 1948 LA201 VNI A P N P N
WM 05.413 LMM254 VNI A P N P N
WM 05.557 LMM1072 VNI A P N P N
WM 05.459 LMM558 VNI B P N P N
WM 05.406 LMM192 VNI B p N p N
WM 2529 JG-02 VNII A P N P N
WM 2577 M27053 VNII A P N P N
WM 1352 PR-101 VNII A P N P N
WM 1462 UON 11536 VNII A P N P N
WM 626 VNII standard strain VNII A P N P N
WM 1408 Hamden C3-1 VNII A P N P N
WM 1412 RV 58146 VNII A P N P N
WM 553 VNII A P N P N
WM 1816 LA 404 VNII A P N P N
WM 1986 LASI1 VNII A P N P N
WM 05.405 LMM184 VNII B P N P N
WM 05.549 LMM837 VNII (VNI D P P P P
WM 628 VNIII standard strain VNIII AD N P N P
WM 1529 RKI-M364/98 VNIII AD P P P P
WM 1524 RKI-M1644/90 VNIII AD N P N P
WM 1355 TBS 54 VNIII AD P P P P
WM 1874 LA192 VNIII AD P N P N
WM 1738 LA260 VNIII AD N P N P
WM 02.150 VNIIT AD P P P P
WM 02.155 VNIIT AD P N P N
WM 1523 RKI-A208 VNIII AD N P N P
WM 01.123 CBS132 VNIII AD N P N P
WM 629 VNIV standard strain VNIV D N P N P
WM 04.174 RKI-M186/99 VNIV D N P N P
WM 04.172 RKI-M318/90 VNIV D N P N P
WM 2359 ATCC52817 VNIV D N P N P
WM 04.171 CBS7816 VNIV D N P N P
WM 04.168 LA268 VNIV D N P N P
WM 01.126 VNIV D N P N P
WM 01.127 VNIV D N P N P
WM 02.142 VNIV D N P N P
WM 1740 LA262 VNIV D N P N P




WM 05.469 LMMI13A1 VNIV D N P N P
Potential C. neoformans / C. gattii hybrids

WM 05.532 LMM868 VNI (VNII) B P N [ [
WM 05.458 LMM505 VNI B p N p p
Cryptococcus gattii

WM 1616 LAl VGI B P N N P
WM 1251 VGI B P N N P
WM 179 VGI B P N N P
WM 1243 VGI B P N N P
WM 2634 MC-S-022 VGI B P N N P
WM 727 VGI B P N N P
WM 2540 TP1414 VGI B P N N P
WM 1899 LAI75 VGl B P N N P
WM 2039 LAS64 VGI B P N N P
WM 02.204 VGI B P N N P
WM 05.449 LMM378 VGI AD P N N P
WM 05.412 LMM253 VGI A p N N p
WM 178 VGII B P N N P
WM 06.634 DMST 20765 VGII B P N N P
WM 02.39 R272 VGII B P N N P
WM 05.75 AV54 VGII B P N N P
WM 06.8 LA43 VGII B P N N P
WM 04.71 VPB 571-058 VGII B P N N P
WM 05.385 HOO5811677 VGII B P N N P
WM 06.13 CBS7750 VGII B P N N P
WM 1761 LA285 VGII P N N P
WM 638 VGII P N N P
WM 05.525 LMM631 VGII B P N N P
WM 05.551 LMM994 VGII BD p N N P
WM 175 VGIII B P N N P
WM 2423 CNO043 VGIII P N N P
WM 728 VGIII B P N N P
WM 161 VGIII B P N N P
WM 726 VGIIT B P N N P
WM 1665 UCLA 380C VGIII C P N N P
WM 1699 LA290 VGIII P N N P
WM 1846 LA 382 VGIII C P N N P
WM 2088 LA622 VGIII B P N N P
WM 2158 LA644 VGIII C P N N P
WM 779 VGIV C P N N P
WM 2364 B-5748 VGIV B P N N P
WM 2363 B-5742 VGIV B P N N P
WM 04.20 M27055 VGIV C P N N P
WM 2579 M27056 VGIV P N N P
WM 780 V00709 VGIV C P N N P
WM 1220 CBS7748 VGIV B P N N P
WM 1802 LA390 VGIV Weak P N N P
WM 1804 LA392 VGIV Weak P N N P
WM 2041 LAS68 VGIV B P N N P

C. luteolus




WM 775 CBS943

68

C. curvatus
WM 56 CBS570

C. albidus
WM 773

Specimens
Throat swap
Sputum
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Table 2. Padlock probes and padlock probe specific 1 primers used. The 5” and 3’ ends of the

primers, that are complementary to the target sequences, are underlined. The regions where

the two padlock probe specific primers (RAC-ITS-Crypto-F and RCAITS-Crypto-R) bind for

real-time amplification are in bold.

Probe

Sequence

Specific targeted molecular
type

RCAI-ITS

RCA2-ITS

RCA3-ITS

RCAA4-ITS

Primer-1
Primer-2

5" GATTAC ATT CAT TAC ATT TAG
AAGTTT GTGATCATGCTTCTT
CGG TGC CCA TTA CGA GGT GCG
GAT AGC TAC CGC GCA GAC ACG
ATA GTC TAA AAG TTT TAT TAT
TGTTAT AATAA Y

5" GATTAC ATT CAT TAC ATT TAG
AAGTTT GTGATCATGCTTCTT
CGG TGC CCATCCTAG ATC AGA
CGT TCC TGT CCG CGC AGA CAC
GAT AGT CTA AAA GTT TTA TTA
TTG TTA TAA TAT 3°

5’TCGATG ATT CAC TGA ATT CTG
CGATCATGCTTCTTC GGT GCC
CAT TCG TGG CTA GTC GAA TCT
TAG CGC GCA GAC ACG ATA GTC
TAA GTT GCG TTC AAA GAT 3’

5’TCGATG ATT CAC TGA ATT CTG
CGATCATGCTTCTTC GGT GCC
CAT GCT AAC CTG GTA CCG TCA
TTC GCG CAG ACACGATAG TCT
AAGTTG CGT TCA AAGAC ¥

5> ATGGGCACCGAAGAAGCA 3°
5" CGCGCAGACACGATA 3’

VNI, VNII, VGI-VGIV

VNIII-VNIV

VNI, VNII

VNIII, VNIV, VGI-VGIV
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Figure 4.
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7-ARTIGO IV

Regional pattern of the molecular types of Cryptococcus neoformans and Cryptococcus
gattii in Brazil.

O artigo foi enviado para publicagdo na revista “Memorias do Instituto Oswaldo Cruz” em
janeiro de 2008 e, tem como objetivo analisar a variabilidade genética das cepas brasileiras de
C. neoformans e C. gattii, além de correlacionar fenotipos e gendtipos com diferentes regides

geograficas e condi¢des do hospedeiro no Brasil.
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ABSTRACT

The molecular types of 443 Brazilian isolates of Cryptococcus neoformans and C.
gattii were analyzed to determine their geographic distribution within Brazil and
underlying host conditions. The following data, imported from previous
epidemiological studies and from two culture collections, were analyzed: place of
isolation, source (clinical or environmental), host risk factors, species, serotype,
mating type and molecular type. Molecular typing by PCR-fingerprinting using
specific primers for the minisatellite-specific core sequence of the wild-type phage

M13 or microsatellites [(GACA)4, (GTG)s] and/or URA5-RFLP analysis, and/or AFLP
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determined 8 major genotypes: VNI/AFLP1, VNII/AFLP1A, VNIII/AFLP2 and
VNIV/AFLP3 for C. neoformans, and VGI/AFLP4, VGII/AFLP6, VGIII/AFLP5 and
VGIV/AFLP7 for C. gattii. The most common molecular type found in Brazil was VNI
(64%), followed by VGII (21%), VNIl (5%), VGIII (4%), VGI and VNIV (3% each), and
VNIl (< 1%). Primary cryptococcosis caused by the most virulent molecular type
VGII, serotype B, MATa prevails in immunocompetent hosts in the North and
Northeast regions, disclosing an endemic regional pattern for this specific molecular

type in the Northern regions of Brazil.

KEY WORDS: Cryptococcus neoformans, Cryptococcus gattii, Molecular types,

Epidemiology.

SPONSORCHIP: CAPES Foundation, Brazil, and the NH&MRC, Australia, ID

990738 and ID 352303.

CORRESPONDENCE TO: Luciana Trilles, Laboratério de Micologia,
IPEC/FIOCRUZ, Av. Brasil, 4365, 21040-900 Rio de Janeiro, Brazil. E-mail:

luciana.trilles@ipec.fiocruz.br.

INTRODUCTION
Cryptococcosis is a life-threatening systemic mycosis affecting humans and
animals. It is acquired by inhalation of viable propagules from the environment, with

the most common clinical manifestation of cryptococcosis being meningoencephalitis



78

(Lin & Heitman 2006). Only recently it was recognized that cryptococcosis is caused
by two different species of the genus Cryptococcus: C. neoformans (serotypes A and
D, and the hybrid AD) and C. gattii (serotypes B and C). While C. neoformans
infections occur worldwide and is an important cause of morbidity and mortality in
immunocompromised hosts, especially AIDS-patients, C. gattii usually infects normal
hosts (Lazéra et al. 2005) and is considered a tropical disease. However, the ongoing
Vancouver Island outbreak, in a temperate climate, suggests that C. gattii has been
adapting to new environments (Kidd et al. 2004).

Serotyping was largely used for epidemiological studies of C. gattii and C.
neoformans, but the lack of an available commercial serotyping kit and the search for
a more reliable technique led to an increased use of molecular tools. Besides, the
analysis of genotypes within a species could answer several questions that may
impact the management of therapy as well as surveillance and prophylactic actions.
An attempt to standardize a technique for a global molecular epidemiological survey
of the agents of cryptococcosis recognized 8 major molecular types by Polimerase
Chain Reaction (PCR) fingerprinting, using the minisatellite-specific core sequence of
the wild-type phage M13 or microsatellites [(GACA)4, (GTG)s]. Thus, C. neoformans
was grouped into the types VNI (serotype A), VNII (serotype A), VNIII (serotype AD)
and VNIV (serotype D); and C. gattii was grouped into the types VGI, VGII, VGIII,
VGIV (serotypes B and C) (Meyer et al. 1999). This grouping has been confirmed by
others using different techniques such as Amplified Fragment Length Polymorphism
(AFLP) (Boekhout et al. 2001), Restriction Fragment Length Polymorphism (RFLP) of
URA5 and PLB1 genes (Latouche et al. 2003, Meyer et al. 2003), and Multilocus

Sequence Typing (MLST) (Litvintseva et al. 2006). Recently, AFLP and MLST have
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revealed the existence of a new molecular type of C. neoformans in Botswana
(genotype VNB), which seems to be geographically restricted to sub-Saharan Africa
(Litvintseva et al. 2006).

In Brazil, cryptococcosis caused by C. neoformans occurs in all regions;
however, C. gattii behaves as a primary pathogen infecting native immunocompetent
hosts, mainly young people and children in the North and Northeast regions of Brazil.
In this group of patients, the infection courses with high lethality rates ranging from
40,6% to 56% (Correa et al. 1999, Lazéra et al. 2005) and frequently causes
incapacity, such as visual deficit or blindness, and hydrocephalus (Nishikawa et al
2003, Rozenbaum & Gongalves 1994). The epidemiological data available suggest a
geographic macroregional North-South trend in C. gattii infections in Brazil: the
Northern regions, endemic for C. gattii, and the Southern regions, showing only
sporadically infections by C. gattii (Fig. 1). In this study the molecular types of C.
neoformans and C. gattii isolated in Brazil were analyzed to determine their

distribution according to their geographic regions and host conditions.

METHODS

Data were imported from different sources: (1) Previous epidemiological
studies (Boekhout et al. 2001, Casali et al. 2003, Igreja et al. 2004, Katsu et al. 2004,
Meyer et al. 2003, Trilles et al. 2003, Ribeiro et al. 2006), (2) Database of the
Cryptococcal Culture Collection at the Mycology Laboratory at the Evandro Chagas
Clinical Research Institute (IPEC), FIOCRUZ, Rio de Janeiro, Brazil, and (3)
Database of The Australian Medical Fungal Collection (AMFC) at the Molecular
Mycology Research Laboratory at Westmead Hospital, Sydney, Australia. Collected

data included place of isolation, source (clinical or environmental), host risk factors,
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species, serotype, mating type and the molecular type identified by PCR-
fingerprinting and/or URA5-RFLP analysis and/or AFLP (Boekhout et al. 2001, Meyer
et al. 2003, Trilles et al. 2003).

Beside the imported data described above, we performed molecular typing
and polymorphism analysis of additional 87 C. gattii and C. neoformans isolates as

follows:

Molecular Typing

The 87 clinical and environmental Brazilian isolates were typed by URA5-
RFLP analysis and PCR-fingerprinting using the minisatellite-specific core sequence
of the wild-type phage M13. The following standard strains representing each
molecular type were included in the analysis: WM 148 (serotype A, VNI/AFLP1), WM
626 (serotype A, VNII/AFLP1A), WM 628 (serotype AD, VNIII/AFLP2), WM 629
(serotype D, VNIV/AFLP3), WM 179 (serotype B, VGI/AFLP4), WM 178 (serotype B,
VGII/AFLP6), WM 175 (serotype B, VGIII/AFLP5), and WM 779 (serotype C,

VGIV/AFLP7) (Meyer et al. 1999).

DNA purification - The DNA was purified as previously described (Meyer et al.
1999). The isolates were grown on Sabouraud’s dextrose agar at 37°C for 48 h. A
tube containing the yeast cell pellet was frozen in liquid nitrogen. The pellet was
ground with a miniature pestle and 500 puL of the cell lysis solution (0,5% sodium
dodecyl sulfate, 1,4% NaCl, 0,73% EDTA, Tris-HCI 0,2M) was added to the frozen,
ground cells. The tubes were incubated for 5 min at room temperature with constant

shaking, and 500 uL phenol:chloroform:isoamyl alcohol (v:viv 25:24:1) was added
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and mixed thoroughly for 2 minutes to obtain a homogenous suspension. The tubes
were centrifuged for 20 min at 14,000 rpm. After centrifugation, the upper aqueous
layer was transferred to a new tube, an equal volume of chloroform:isoamyl alcohol
(viv 24:1) was added, the mixture was shaken and centrifuged. To precipitate the
genomic DNA, an equal volume of isopropanol was added to the supernatant, and
the mixture was gently shaken and incubated at —20°C for at least 1 h or overnight.
The DNA pellet was washed with 70% ethanol and suspended in 200 pL sterile

deionized water at 4°C overnight.

URAS5-RFLP analysis - PCR of the URAS gene was performed in a final volume of
50 uL. Each reaction contained 50 ng of DNA, 1X PCR buffer (160mM (NH4)2SO4,
670mM Tris-HCI (pH8.8 at 25°C), 0.1% Tween-20 - Bioline), 0.2 mM each of dATP,
dCTP, dGTP, and dTTP (Roche Diagnostics GmbH), 3 mM magnesium cloride, 1.5 U
BioTag DNA polymerase (Bioline), and 50 ng of each primer URA5 (%
ATGTCCTCCCAAGCCCTCGACTCCG 3") and SJO1 (5’
TTAAGACCTCTGAACACCGTACTC 3’) (Meyer et al. 2003). PCR was performed for
35 cycles in a Perkin-Elmer thermal cycler (model 480) at 94°C for 2-min initial
denaturation, 45 s of denaturation at 94°C, 1 min annealing at 61°C, and 2 min
extension at 72°C, followed by a final extension cycle for 10 min at 72°C. 30 uL of
PCR products were double digested with Sau96l (10 U/uL) and Hhal (20 U/ul) for 3
h, and the fragments were separated by 3% agarose gel electrophoresis at 100 V.
RFLP patterns were assigned visually by comparing them with the patterns obtained

from the standard strains (VNI-VNIV and VGI-VGIV) (Fig. 3A).
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PCR-fingerprinting - The amplification reactions were carried out in a volume of 50
ML containing 25 ng genomic DNA, 10 mM Tris-HCI, pH 8.3, 50 mM KCI, 1.5 mM
MgCl, 0.2 mM each of the dATP, dCTP, dGTP and dTTP (Roche Diagnostics GmbH,
Mannheim, Mannheim, Germany), 3 mM magnesium acetate, 30 ng primer (5’
GAGGGTGGCGGTTCT 3’), and 2.5 U Amplitag DNA polymerase (Applied
Biosystems, Foster City, CA). PCR was performed for 35 cycles in a Perkin-Elmer
thermal cycler (model 480) with 20 s of denaturation at 94°C, 1 min annealing at
50°C, and 20 s extension at 72°C, followed by a final extension cycle for 6 min at
72°C. Amplification products were concentrated to approximately 15 pL and
separated by electrophoresis on 1.4% agarose gels stained with ethidium bromide in
1X Tris-borate-EDTA (TBE) buffer at 70 V for 9 h, and visualized under UV light
(Meyer et al. 2003).

PCR-fingerprinting profiles were visually compared to the standard strains to
determine the molecular types (Fig. 3B). The genetic relationships of the isolates
were analyzed using the 1D gel analysis module (BioGalaxy [BioAware, Hannut,
Belgium]) in BioloMICS version 7.5.30 (BioAware). Similarity coefficients were
calculated by using the Dice algorithm, and cluster analysis were performed by the

Unweighted Pair Group Method with Arithmetic mean (UPGMA) (Fig. 4).

Statistical analysis
Statistical analysis was performed using the software SPSS version 11.0, and
a p-value <0.05 was used to define significance. The most representative molecular

types in numbers of isolates were included in the logistical analysis.
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Univariate analysis was performed using the Fisher's exact and chi-square
tests. Odds ratio (OD) and 95% confidence intervals (Cl) were calculated to assess
the univariate risk of a particular molecular type or specie to occur in certain
geographic area.

The variables selected for the current study were source, host factors and
region. Host factors were analyzed according to the immunological status of the
patient, immunocompetent, HIV negative with no other conditions, and
immunodepressive, HIV positive or other conditions (corticotherapy and tumor).

The regional analysis was based on two macro regions: the states of
Amazonas (AM), Roraima (RR), Pernambuco (PE), Piaui (Pl) and Bahia (BA)
represent the Northern region, while the states of Mato Grosso do Sul (MS), Minas
Gerais (MG), Sao Paulo (SP), Rio de Janeiro (RJ), Parana (PR) and Rio Grande do
Sul (RS) represent the Southern region (Fig. 1).

A multivariate logistic regression model was use to analyse 291 clinical
samples, and was calculated with SAS software version 8.0, using the Genmod
procedure. The Log-binomial model was used for estimating the adjusted relative risk
of the most common molecular type of each species to occur in different host
conditions and in different Brazilian regions. The variables, which the Wald test
showed p<0.05 were included in the final model. Two models were tested separately:
VNI compared to all other molecular types, and VGII compared to all other molecular

types, testing the interaction with host factors and macro region.

RESULTS
A total of 443 C. neoformans (n=320) and C. gattii (n=123) isolates from all

Brazilian regions represented by 11 states were analyzed (Fig. 1). The data of 356
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isolates were imported from previous studies and 87 isolates were newly typed by
using the molecular tools described above. Out of the 320 C. neoformans isolates,
251 were clinical and 69 environmental isolates. Out of the 123 C. gattii isolates, 86
were clinical (84 human and 2 veterinary), and 37 environmental isolates.

Information on the geographical origin was not available for 3 isolates (0.7%).
Mating type data was available for 262 (59.1%) isolates, with 249 (95%) of them
being mating type alpha. Ten isolates were mating type a (5 VNIV environmental and
5 VGII clinical isolates, all from the Northern region). Host risk factor data were
available for 293/335 (87%) clinical isolates. The distribution of the molecular types of
the Cryptococcus species complex in Brazil, according to geographic region, mating
type, source and host factors is shown on Table 1.

Overall, the most common molecular types were VNI (64%) and VGII (21%),
followed by VNII (5%), VGIII (4%), VGI and VNIV (3% each), and VNIII (<1%). The
molecular type VGIV was not identified among the studied Brazilian isolates.

Univariate analysis of the data set showed that the odds ratio of an isolate
being molecular type VNI or VGII, compared with all other molecular types, varied
according to the region (North or South of Brazil), when both clinical and
environmental data sets were analyzed separately. The molecular type VGII is more
likely to occur in the Northern region investigating clinical (OD 9.6, p<0.001) and
environmental (OD 2.4, p<001) samples. On the contrary, VNI isolates are more
likely to occur in the Southern region, showing an OD of 1.5 for both clinical and
environmental isolates (p<0.001 and p=0.018, respectively). C. gattii is 4.4 times

more likely to occur in the Northern, while C. neoformans is 1.6 times more likely to
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occur in the Southern (p<0.001) region. The distribution of 106 environmental
isolates according to molecular types and regions is showed in Figure 2.

The VNI log-binomial model showed a Wald test significance (p<0.05) for host
factors, while the region was not important for the occurrence of this molecular type
in Brazil (p>0.05). VNI was 5 times more likely to infect immunocompromised host
than the other molecular types (Table 2). The interactions showed a significant
correlation between host factor and macro region, reflecting a demographic pattern of
distribution, where the majority of immunocompromised patients, mainly AIDS
patients, live in big cities, the largest ones located in the South. However, the VGII
log-binomial model showed a Wald statistic test significance for geographic region
and host condition predictors (p=0.006) (Table 3). The relative risk is quite similar to
the adjusted relative risk, although it is a little bit higher. Immunocompetent hosts are
10 times more likely to be infected by VGII than by all other molecular types.
Similarly, people who live in the North are 16 times more likely to be infected by VGl
than people from the South. Nine out of 34 VGII (26%) clinical isolates were
associated with HIV infections, being 2 from the North and 7 from the South.

Antifungal susceptibilities of 11 VGI and 28 VGII isolates against 9 drugs were
tested previously (Trilles et al. 2004) and the log-mean Minimal Inhibitory
Concentrations (MICs) of both groups were compared using Mann-Whitney test
(p<0,05). In the analysis, VGII showed higher mean MICs for fluconazole (2-fold
higher), flucitosine (1.5-fold higher), voriconazole (1.3-fold) and albaconazole (1.6-
fold) (data not shown).

PCR-fingerprinting using the primer M13 for typing 87 Brazilian isolates

grouped them into the major molecular types VNI, VNII, VNIV, VGI and VGII (Figure
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4). Overall, the similarity of the C. neoformans isolates was 87%, and of the C. gattii
isolates was 77%. According to the banding pattern, VNI isolates (n=25) were divided
into 6 subtypes: one major group comprising 50% of the VNI isolates, three groups
with 3 or 4 isolates and two clinical isolates which clustered individually. The VNII
isolates (n=3) showed individual patterns. The only three VNIV isolates analysed by
PCR-fingerprinting showed a unique, identical, banding patterns. The VGI isolates
(n=13) were all from Rio de Janeiro (South) and were divided into one major group
(10 isolates), and three clinical isolates showing individual banding patterns. The
highest polymorphism was observed among the VGII isolates, showing 14 individual
patterns, one major group with eight isolates and a second group with 6 isolates.
There was no association between these subtypes and their geographical

distribution.

DISCUSSION

Two major epidemiological trends were identified in Brazil: C. gattii
predominant occurrence in the North (OD 5.4, p<0.001) and a discrete predominance
of C. neoformans in the South (OD 2.6, p<0.001). These results are in agreement
with a phenotypic study of 467 Brazilian C. neoformans isolates by Nishikawa et al.
(2003), which showed serotype A (C. neoformans) associated to the SE region
(South) and serotype B (C. gattii) associated to the NE region of Brazil (North).

Cryptococcus neoformans is the most common agent of cryptococcosis
worldwide, mainly in AIDS patients. In Brazil, over 70% of AIDS patients live in the
South and Southeast regions (Brito et al. 2001), where the biggest cities of the
country are located and where deforestation and anthropic actions are more evident.

Besides, C. neoformans has been isolated from bird droppings (mainly from
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pigeons), dwellings and wood decay in the urban centers of Brazil (Lazéra et al.
2005, Pedroso et al. 2007). On the contrary, C. gatti affects mainly
immunocompetent hosts and its natural habitat is predominantly related to wood
decay in tropical and subtropical countries. The predominance of C. gattii as the main
agent of cryptococcosis in the North of Brazil was reinforced by similar result found
when the environmental isolates were analyzed (OD 2.3, p<0.001).

In Australia, Chen et. al. (2000) and Meyer et. al. (2003) proposed that people
who live in rural areas of the Northern territory are at higher risk of acquiring
cryptococcosis due to their proximity to eucalyptus tree debris. In Brazil,
environmental isolates of C. gattii correlate to several genera of trees as Cassia sp.,
Ficus sp., Guetarda sp., Erythrina sp., Licania sp. (Fortes et al. 2001, Lazéra et al.
2000, Lazéra et al. 1998), and clinical isolates correlate more likely to deforestation
areas, mainly on the border of rainforests, representing possibly the highest risk
areas for C. gattii infections. The practice of cutting down tropical trees and related
activities, such as storage, shipping and handling wood byproducts may also
represent a risk activity for acquiring cryptococcosis caused by C. gattii.

Comparing the molecular types of the North and South of Brazil, no significant
differences were observed regarding the occurrence of VNI, while VGII clearly occurs
endemically in the North, responsible for 89% of the C. gattii infections in that region.
In the South, only 43% of the C. gattii infections were caused by VGII. Moreover, the
majority of the VGII clinical isolates in Rio de Janeiro were obtained from patients
coming from the NE region of Brazil (Rozenbaum & Gongalves 1994, Lazéra,
personal communication), who went to the large cities of the South looking for better

life conditions. Probably the same is in part the reason for the VGII clinical isolates
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obtained in other cities, mainly Sdo Paulo, the most important center of internal
migration in Brazil. Thus, considering the large inland migration, the molecular types
of clinical origin of a certain region should be correlated with the molecular typing of
the environmental isolates of that region. In the present study, out of the 37 C. gaittii
environmental isolates, 36 were isolated in the North, all of them being VGII,
reinforcing its predominance in this region. The only environmental C. gattii isolate
obtained in the South was molecular type VGI. However, the molecular type VGI was
not detected among the clinical and environmental isolates from the North,
suggesting that this type may occur in higher latitudes of tropical or subtropical
regions. Similar results were described by Escandén et. al. (2006), in Colombia,
where out of 425 isolates of the Cryptococcus species complex only one was
identified as VGI, and the majority (99.2%) of the C. gattii isolates were molecular
type VGII. Recent molecular typing studies in Brazil have shown the presence of VNI
and VNIl in clinical samples, VNI, VNIV and VGI in environmental samples in the
South (states of Sdo Paulo and Rio Grande do Sul) (Abegg et al. 2006, Matsumoto et
al. 2007, Ribeiro et al. 2006). In addition, the Brazilian isolates showed a high
polymorphism (77%) among the VGII isolates.

Our results show that in South America, mainly in the Northern part of the
continent, the population is constantly exposed to the VGII molecular type of C. gattii.
Curiously the same type is responsible for the Vancouver Island epidemic of
cryptococcosis, in Canada, which started in 1999 and now is becoming endemic in
that high latitude.

Mat alpha cells are more virulent than Mat a cells, and predominate in clinical

and environmental samples worldwide, as also observed in the present study. In the
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Northern Brazilian region, VGII Mat a was identified as agent of systemic
cryptococcosis in 5 immunocompetent patients. These findings denote an uncommon
picture of the pathogenesis of cryptococcosis and deserve more studies to elucidate
the impact of the mating locus in C. gattii infections. Only Mat alpha strains have
been isolated in British Columbia, Canada, where VGII is the major genotype
associated to the outbreak.

Considering that the VGIlI molecular type existed in Brazil long before the
British Columbia outbreak and that we have identified both mating types Mat alpha
and Mat a geographically closely together, we suggest the possibility of the
occurrence of genetic recombination among those yeast populations in South
America and, consequently, spreading in the environment as adapted polymorphic
populations.

Despite conventional treatment, infections with C. gattii present significant
mortality and relapse rates (Harrison 2000). A recent study demonstrated that C.
gattii clinical isolates were less susceptible than C. neoformans to fluconazole,
voriconazole, itraconazole and ravuconazole (Trilles et al. 2004). In the present
analysis, VGII showed to be less susceptible than VGI isolates to fluconazole,
suggesting susceptibility differences among different molecular types of C. gattii.
Considering the relative low number of VGII and VGI isolates analyzed, further
comparative studies on isolates of the VG molecular types in relation to susceptibility
and correlation between the clinical response and the antifungal drugs are
necessary.

The first VGII strain (LMM 293) identified in Brazil was isolated in Rio de

Janeiro, in 1988, from a patient coming from the North. Brazil is a large continental
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country with different geographic and demographic patterns. In the Northern region,
the Amazonian rainforest encompasses partially preserved wild areas surrounding
urban cities or settlements. In the Northeast, the central semi-arid region is covered
by brushwood, known as “caatinga”. Between the occidental Amazonian rainforest
and the NE savanna exists a transitional area, mainly represented by the Maranhao
and Piaui states. Our results showed the occurrence of C. gattii VGII in the
environment of both regions, behaving as a primary pathogen of human infection in
native, normal hosts, causing mostly meningoencephalitis, attaining 20 to 30%
children and adolescents.

A recent diagnosis (2006) of meningoencephalitis due to a VGII strain in a 5
year old child, who lived lifelong in Rio de Janeiro (not included in the present
analysis), may suggests that the VGII type spread from the North and adapted to new
areas in the South of Brazil due to anthropic activity and/or global climatic changes.
It is also possible that this molecular type is present in low density since a long time
in the South of Brazil, thus causing occasional human cases. It has been suggested
that C. gattii VGII has recently colonized the temperate region of Vancouver Island by
unknown events, and the forestry activities and the distribution of tree by-products
may have facilitated the mobility of C. gattii through aerosolization and mechanical
dispersal to non-endemic areas within the Pacific Northwest (Fraser et al. 2005, Kidd
et al. 2007, Upton et al. 2007). This emphasizes the need of an active surveillance
program of new human and/or animal infections by VGII strains in the South.

It is a very important point that VGII is not a rare genotype of C. gattii in South
America. In fact, it behaves as a primary fungal pathogen causing endemic

cryptococcosis in immunocompetent hosts in the Northern regions of Brazil, where it
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is well adapted to the environment, especially in biotopes associated to wood decay.
Our findings point out that this eco-epidemiological pattern of the VGII genotype in

Brazil is not a recent event and has been recognized for at least the last 20 years.
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Table 1. Characteristics of 443 Brazilian isolates included in this study.

Characteristics Molecular Types - N (%)
VGI VGl VGl VNI VNII VNIII VNIV Total
Geographic region
Northern - 68 (63.6) 4 (3.7) 30 (28) - - 5(4.7) 107
Southern 14 (4.2) 24(7.2) 12(3.6) 252(75.4) 22(6.6) 1(0.3) 9(2.7) 334
Mating Type
Alpha 9(3.6) 63(25.3) 12(4.8) 151(60.6) 5(2.0) - 9 (3.6) 249
A - 5 (50) - - - - 5 (50) 10
Alpha/a - - - 3 (100) - - - 3
Source
Clinical 14 (4.2) 54 (16.1) 16 (4.8) 234 (69.9) 17 (5.1) - - 335
Environmental 1(0.9) 36 (34) - 49 (46.2) 5(4.7) 1(0.9) 14(13.2) 106
Veterinary 2 (100) 2
Host Factors
Immunocompetent 5(11.9) 25(59.5) 6(14.3) 6(14.3) - - - 42

Immunocompromised - 9 (3.6) 3(1.2) 222(88.4) 17 (5.8) - - 251
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Table 2. Logistic regression model of probability of VNI occurrence in clinical samples

(N = 291).
Characteristics Relative Risk (95% ClI) p-value Adjusted Relative p-value
Risk (95% ClI)
HOST STATUS
Immunocomprissed 2.18 (1.7-2.9) <0.001 6.19 (3.0-13.0) < 0.001

Immunocompetent 1.00 - 1.00 -
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Table 3. Logistic regression model of probability of VGII occurrence in clinical
samples with interactions between the predictors host status and macro region
(n=291).

Characteristics Risk Relative (95% CI) p-value Adjusted Risk p-value
Relative (95% CI)

HOST STATUS
Immunocompetent 11.20 (6.8-18.5) <0.001 11.71(4.4-31.2) <0.001
Immunocomprissed 1.00 - 1.00 -

MACRO REGION

North 16.0 (8.4-30.7) <0.001 17.57(5.2-59.6) <0.001
South 1.00 - 1.00 -
HOST STATUS * MACRO REGION
Immunocompetent*North - 0.14 (0.03-0.57) 0.006
Immunocompetent *South - - 1.00
Immunocomprissed*North - - 1.00

Immunocomprissed*South - - 1.00
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Figure Legends:

Figure 1 - Map of Brazil showing the two macro regions with the states involved in

this study, number of isolates and the molecular types.

Figure 2 - Molecular types of the environmental isolates according to macro regions.

Figure 3 — (A) URAS gene restriction fragment length polymorphism (RFLP) profiles
identified by double digest of the gene with Sau96l and Hhal of the standards
isolates; (B) Banding pattern generated by polymerase chain reaction (PCR)

fingerprints with the primer M13.

Figure 4 - Phenogram of PCR-fingerprinting profiles of 87 Brazilian isolates obtained
using the primer M13. The isolates clustered into 5 major molecular types: VNI, VNII

and VNIV — C. neoformans; and VGI and VGII — C. gattii.
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Table 1. Characteristics of 443 Brazilian isolates included in this study.

Characteristics Molecular Types - N (%)
VGI VGl VGl VNI VNII VNIII VNIV Total
Geographic region
Northern - 68 (63.6) 4 (3.7) 30 (28) - - 5(4.7) 107
Southern 14 (4.2) 24(7.2) 12(3.6) 252(75.4) 22(6.6) 1(0.3) 9(2.7) 334
Mating Type
Alpha 9(3.6) 63(25.3) 12(4.8) 151 (60.6) 5(2.0) - 9(3.6) 249
A - 5 (50) - - - - 5 (50) 10
Alpha/a - - - 3 (100) - - - 3
Source
Clinical 14 (4.2) 54 (16.1) 16 (4.8) 234 (69.9) 17 (5.1) - - 335
Environmental 1(0.9) 36 (34) - 49 (46.2) 5@4.7) 1(09) 14(13.2) 106
Veterinary 2 (100) 2
Host Factors
Immunocompetent 5(11.9) 25(59.5) 6(14.3) 6 (14.3) - - - 42

Immunocompromised - 9(3.6) 3(1.2) 222(88.4) 17(5.8) - - 251
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Table 2. Logistic regression model of probability of VNI occurrence in clinical samples

(N = 291).
Characteristics Relative Risk (95% ClI) p-value Adjusted Relative p-value
Risk (95% ClI)
HOST STATUS
Immunocomprissed 2.18 (1.7-2.9) <0.001 6.19 (3.0-13.0) < 0.001

Immunocompetent 1.00 - 1.00 -
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Table 3. Logistic regression model of probability of VGII occurrence in clinical
samples with interactions between the predictors host status and macro region
(n=291).

Characteristics Risk Relative (95% CI) p-value Adjusted Risk p-value
Relative (95% CI)

HOST STATUS
Immunocompetent 11.20 (6.8-18.5) <0.001 11.71(4.4-31.2) <0.001
Immunocomprissed 1.00 - 1.00 -

MACRO REGION

North 16.0 (8.4-30.7) <0.001 17.57(5.2-59.6) <0.001
South 1.00 - 1.00 -
HOST STATUS * MACRO REGION
Immunocompetent*North - 0.14 (0.03-0.57) 0.006
Immunocompetent *South - - 1.00
Immunocomprissed*North - - 1.00

Immunocomprissed*South - - 1.00
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Figure 1.
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Figure 3
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8 - CONSIDERACOES FINAIS.

Criptococose ¢ causada por duas espécies de leveduras, C. neoformans e C. gattii. De
modo geral, C. neoformans ¢ mais comumente identificada tanto em amostras clinicas como
em amostras ambientais, o que faz com que a espécie C. neoformans seja utilizada como
modelo nos estudos da criptococose e seus agentes, bem como em ensaios clinicos de terapia
antifiingica.

No Brasil, estudos clinico-epidemioldgicos mostram a importancia da criptococose de
SNC por C. gattii em adultos jovens de ambos os sexos e criangas nas regides N e NE, com
letalidade de 35% a 40% (Correa ¢ col., 1999, Santos 2000, Nishikawa et al. 2003, Martins
2004). Chama atencdo a importancia das manifestagdes do SNC sem a contra-partida de formas
clinicas mais brandas, o que pode indicar um sub-diagnostico da doenga na regido ou uma maior
viruléncia por parte de C. gattii no hospedeiro humano. A importancia da criptococose por C.
gattii é crescente; se antes era vista como problema restrito a grupos populacionais rurais ou
nativos, atualmente identifica-se sua ocorréncia em diversas regides onde surjam condigdes
laboratoriais para o diagnostico e discriminacao das espécies de Cryptococcus.

Nos testes de suscetibilidade in vitro do primeiro trabalho (artigo I), foi observado que C.
gattii ¢ menos suscetivel a maioria das drogas testadas, fluconazol, itraconazol, albaconazol,
cetoconazol, ravuconazol, voriconazol e micafungina. Outros autores verificaram que a resposta
clinica ao tratamento com antifingicos em infec¢des por C. gattii ¢ mais lenta e apresenta maior
numero de recaidas que infec¢des por C. neoformans (Yee-Chun e col., 2000; Harrison, 2000).
Drogas ainda em fase de teste como albaconazol e ravuconazol apresentaram maior atividade in
vitro frente a C. neoformans e C. gattii, enquanto que dentre as comercializadas, voriconazol,
itraconazol ¢ anfotericina B foram as drogas com maior atividade in vitro. A dosagem nos
tratamentos das infecgdes fungicas ¢ limitada pela toxidade dos antifingicos disponiveis no
mercado, portanto deve-se ampliar os estudos para a identificagdo de novos alvos terapéuticos e
de correlagdo clinica, principalmente com relagdo a C. gattii, por ser mais resistente do que C.

neoformans.
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A droga micafungina, possui baixa toxidade por ser uma equinocandina, que age em
moléculas ausentes nas células eucarioticas. Entretanto, a micafungina apresenta boa resposta
terapéutica apenas para espécies de Candida spp. ¢ Aspergillus spp. Apesar da baixa ou nenhuma
atividade antifingica frente a C. neoformans e C. gattii como demonstrado no primeiro trabalho,
o segundo artigo demonstrou interacdo sinérgica da micafungina com anfotericina B para a
maioria dos isolados testados, ocorrendo diminuicao da CIM em até 5 dilui¢des. Os resultados
indicam uma nova possibilidade de tratamento para a criptococose, porém estudos em modelos
animais sdo necessarios para a confirmagdo da eficicia da combinagdo de tais drogas. Este
conjunto de dados vem reforgar a visdo atual de terapia antifingica combinada (anfotericina B e
5 fluorocitosina) para a criptococose em casos graves, com elevada carga fingica e ou
imunodeprimidos. Ha portanto necessidade de dar continuidade a estudos prospectivos in vivo e
in vitro de combinagdes de drogas antifingicas, particularmente na criptococose gattii, que
carece principalmente de estudos in vivo.

As diferengas fisioldgicas entre C. neoformans e C. gattii permite a utilizagdo de um
meio de cultura (CGB - canavanina-glicina-azul de bromotimol) para a diferenciacdo das duas
espécies. A metodologia ¢ simples, porém o teste se estende por no minimo 8 dias, sendo que sao
observados alguns resultados duvidosos. Faz-se necessaria a introdu¢do de uma metodologia
sensivel e que possa ser realizada em curto espago de tempo para se obter um diagnostico
precoce e preciso.

Nos ultimos anos, isolados clinicos e ambientais expressando fenotipo de ambas as
espécies foram repetidamente observados. Tais achados podem representar mais do que uma
infeccdo mista. Esses isolados mostram reatividade simultanea capsular de C. gattii e C.
neoformans, resultando em cepas “ndo tipaveis” como os sorotipos BD ou AB. Tais fenotipos
atipicos merecem uma andlise genética detalhada, considerando a possibilidade de hibridizagao
sexuada ou parasexuada entre as duas espécies. Os aspectos de reproducdo, gerando
variabilidade, seja por recombinacdo sexuada, parassexualidade ou mutagdo, sdo fundamentais
para o entendimento da producdao de gendtipos virulentos, da suscetibilidade a drogas e da
relacdo parasita-hospedeiro. Foi verificado que isolados sorotipos AD sdao resultantes do
cruzamento ou hibridizac¢do entre os isolados sorotipo A ¢ D (Kwon-Chung & Varma, 2006). O
mesmo ja foi sugerido entre os sorotipos D e B apos andlise de alguns isolados sorotipo DB com
AFLP (Bovers e col., 2006). A técnica de RCA (rolling circle amplification) com a utilizagao de

sondas especificas mostrou-se rapida, sensivel ¢ de boa reprodutibilidade, demonstrando ser
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ferramenta util no laboratdrio clinico para diagnéstico dos agentes da criptococose, pois foi capaz
de identificar as espécies C. neoformans e C. gattii, e também distinguir os tipos moleculares
VNI/VNII, VNIII, VNIV e VGI-VGIV. Além do mais, RCA foi capaz de identificar os isolados
hibridos AD (VNIII) e os possiveis isolados brasileiros hibridos AB, os quais, posteriores
estudos genéticos deverdo confirmar como hibridos ou apenas culturas mistas. Além do mais, é
de grande interesse a aplica¢do de tal metodologia na identificagdo de fungos agentes de micoses
sistémicas de crescimento lento ou de risco 3 como Coccidioides immitis/posadasii e
Histoplasma capsulatum. Porém, sdo necessarios futuros estudos com numero maior de

amostras.

A analise dos tipos moleculares de C. neoformans e C. gattii no Brasil demonstrou que
todos os tipos moleculares de C. neoformans estiao presentes no pais e que o mais comum deles,
VNI se comporta como em todo o mundo, infectando principalmente hospedeiros
imunocomprometidos. Quanto aos tipos moleculares de C. gattii, VGI, VGII e VGIII ocorrem no
pais, sendo que para o tipo mais comum, VGII Mat alfa, foi observada associacao
estatisticamente significante com as regioes Norte ¢ Nordeste do Brasil, onde ocorre de forma
endémica e como agente de infec¢do primaria em hospedeiros imunocompetentes nativos da
regido. Este tipo molecular, VGII, além de ser o responsavel pela tinica epidemia humana de
criptococose ja registrada, ¢ mais resistente a algumas drogas antifungicas (fluconazol,
itraconazol, ravuconazol e voriconazol) do que o tipo VGI, tipo mais comum no mundo. Tais
resultados indicam a necessidade de estudos de viruléncia e suscetibilidade in vivo do VGII, bem
como do monitoramento do surgimento do VGII em éareas como o Sul, Sudeste ¢ Centro-Oeste

do Brasil.
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9 - CONCLUSOES

C. gattii ¢ mais resistente do que C. neoformans frente a varias drogas, portanto ha a
necessidade de um maior investimento na identificagdo de novos alvos terapéuticos,
para a producdo de drogas menos toxicas e mais eficazes.

A micafungina, apesar de ndo apresentar atividade in vitro frente a C. neoformans ¢ C.
gattii, pode se tornar uma boa opgdo para o tratamento da criptococose quando em
combinagdo com outras drogas, principalmente anfotericina B, porém ainda sdo
necessarios estudos de correlagdo clinica para confirmar os resultados in vitro

A técnica de RCA com sondas especificas foi sensivel, rapida e de boa
reprodutibilidade na identificagdo de C. neoformans e C. gattii, podendo ainda
identificar hibridos AD e os possiveis hibridos AB. Estudos posteriores sdo
necessarios para verificar a eficdcia desta técnica no diagnostico clinico.O tipo
molecular mais comum de C. neoformans no Brasil, VNI, se comporta como em todo
mundo, infectando principalmente hospedeiros imunocomprometidos. Ja com relacao
a C. gattii, existem diferentes padrdes regionais, estando o VGI associado as regides
Sul e Sudeste e o VGII associado as regides Norte e Nordeste. A maior resisténcia de
C. gattii frente albaconazol, fluconazol, fluorocitosina e voriconazol provavelmente ¢
devido ao tipo molecular VGII, pois se mostrou mais resistente do que VGI nos testes

in vitro.
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