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TESE DE DOUTORADO EM MEDICINA TROPICAL

Féabio Brito dos Santos

A criptococose é adquirida pela inalacdo dos propagulos criptococicos no ambiente. A doenca é
causada por duas espécies patogénicas do género Cryptococcus, definidas como Cryptococcus
neoformans espécie complexa e o C. gattii espécie complexa. A criptococose por Cryptococcus
neoformans é a principal doenca oportunista em pacientes infectados pelo HIV, principalmente
na Africa Subsaariana, com mais de 500.000 mortes por ano estimadas devido a meningite
criptocécica. No Brasil, além da importancia da criptococose em pacientes com HIV/aids, outro
problema de saude publica € a ocorréncia da meningite criptocdcica por C. gattii em criancas e
adultos jovens de ambos os sexos no Norte (N) e Nordeste (NE). A compreensdo da dindmica e
adaptacdo dos reservatorios de agentes da criptococose, a identificacdo de como essa infeccdo é
adquirida pelos seres humanos e quais 0s meios para evitar ou reduzir seus riscos de infec¢do sdo
de interesse fundamental. O presente estudo ambiental foi conduzido na microrregido do Rio
Negro no estado do Amazonas que € constituida por quatro municipios (Barcelos, Novo Airéo,
Santa Isabel do Rio Negro e Sdo Gabriel da Cachoeira). Coletamos e analisamos amostras de
postes de madeira e principalmente a poeira domiciliar dos trés primeiros municipios. A
caracterizacdo molecular foi realizada com o auxilio da ferramenta MLST, revelando os
principais subtipos de C. gattii e C. neoformans responsaveis pela criptococose no mundo, além
de alguns subtipos de VGII especificos da regido Amazonica. A auséncia de relatos de casos de
criptococose e a presenca significativa de um grupo vulneravel de criangas incentiva a realizagéo
de estratégia de vigilancia dos agentes da criptococose nessa microrregido. Para atender essa
demanda foram elaboradas ferramentas de comunicacdo (folder popular e informe técnico).
Como proposta para detectar pacientes oligossintomaticos e assintomaticos nessa area remota e
com poucos recursos humanos, otimizamos a utilizagdo do teste rapido do CrAg na urina
aumentando a especificidade sem perder a sensibilidade. Esperamos que com os produtos gerados
nessa tese seja possivel o0 manejo de futuros casos de criptococose nessa regido ou em outras
areas endémicas remotas do Brasil.

Palavras-chave: 1. Microrregido do Rio Negro. 2. Amostras ambientais. 3. Agentes da
criptococose. 4. MLST. 5. Teste CrAg na urina.
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PHD THESIS IN TROPICAL MEDICINE

Féabio Brito dos Santos

Cryptococcosis is acquired by the inhalation of cryptococcal propagules (desiccated yeast cells or
basidiospores) from the environment. The disease is caused by two pathogenic members of the
genus Cryptococcus, the Cryptococcus neoformans species complex and the C. gattii species
complex. Cryptococcosis by Cryptococcus neoformans species complex is one of the major
opportunistic diseases in HIV-infected patients mainly in Sub-Saharan Africa, where over
500,000 deaths per year are estimated due to cryptococcal meningitis. In Brazil, along with the
importance of cryptococcal infection in HIV patients, another public health problem is the
endemic occurrence of cryptococcal meningitis by C. gattii species complex in children and
young adults of both genders in the North (N) and Northeast (NE) regions. The understanding of
the dynamics and adaptation of the agents reservoirs, the knowledge of how the infections is
acquired by humans, and what are the means to avoid or reduce its risks of infection, are of
fundamental interest. The present environmental study was conducted in the Rio Negro micro-
region in the state of Amazonas, which consists of 4 municipalities (Barcelos, Novo Airdo, Santa
Isabel do Rio Negro, and Séo Gabriel da Cachoeira). We collected and analyzed samples of wood
poles and mainly indoor dust from the first three municipalities. The molecular characterization
was performed with the aid of the MLST tool, revealing the main subtypes of C. gattii VGII and
C. neoformans VNI responsible for cryptococcosis in the world, in addition to some specific
VGII subtypes of the Brazilian Amazon region. The absence of reports of cases of cryptococcosis
and the significant presence of a vulnerable group of children encourages the implementation of a
surveillance strategy for cryptococcosis agents in this micro-region. To address this demand, we
developed communication tools (a popular folder and a technical report). As a proposal to detect
oligosymptomatic and asymptomatic patients in this remote area with limited human resources,
we optimized the use of rapid CrAg test in the urine increasing specificity without losing
sensitivity. We hope that with the products generated in this thesis it will be possible to
efficiently manage future cases of cryptococcosis in this region or in other remote endemic areas
of Brazil.

Keywords: 1. Rio Negro Micro-region. 2. Environmental samples. 3. Cryptococcosis agentes. 4.
MLST. 5. CrAg test-urine.
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1. INTRODUGAO

1.1. Historico da Criptococose e seus agentes

Cryptococcus neoformans foi isolado pela primeira vez de suco de péssego por
Sanfelice em 1894 na Italia e aquela época, foi nomeado Saccharomyces neoformans. A
doenca foi descrita em humanos ha pouco mais de 134 anos, em 1884-85, quando dois
médicos alemaes descrevem em periodos diferentes casos de pacientes com lesbes
aparentemente tumorais porém com isolamento do agente em cultivo. Busse forneceu a
primeira descri¢do de um caso de criptococose e isolou uma levedura de lesdo na tibia
de mulher jovem. Busse nomeou o0 fungo como Saccharomyces e a doenca
Saccharomycosis hominis.

Desde a descoberta desta micose, varios nomes para o fungo e para infecgdo
haviam sido propostos, quando Vuillemin (apud Kwon-Chung & Bennett, 1992) em
1901 reclassificou a levedura isolada por Busse como Cryptococcus hominis e a de
Sanfelice como C. neoformans devido a auséncia de formacdo de ascOsporos e a
auséncia de fermentacdo de agUcares, presentes no género Saccharomyces. O
neurotropismo caracteristico de C. neoformans foi reconhecido pela primeira vez em
1914 por Verse (1914) e dois anos depois por Stoddard & Cutler (1916). No entanto,
Stoddard e Cutler denominaram o agente etiologico Torula histolytica e a doenca
“torulosis”.

A confusdo sobre a nomenclatura do agente de criptococose persistiu até
Benham realizar um estudo abrangente com cepas clinicas de Cryptococcus spp. que
concluiu que todas as cepas de infec¢gbes humanas pertenciam a uma espécie com
variedades baseadas em diferencas antigénicas. Evans e colaboradores (1949)
descrevem sorotipos A, B e C, sendo mais tarde descrito o sorotipo D (Wilson et al
1968 apud Casadeval & Perfect 1998).

Em 1950, Benham propds a denominagdo criptococose e Cryptococcus
neoformans como Nomen conservandum. Logo esse termo foi absorvido na literatura
médica e micologica (Casadevall & Perfect, 1998).

Emmons, em 1951, descreve o primeiro isolamento de C. neoformans a partir de
fontes ambientais no estado da Virginia, onde isolou o fungo de solo contaminado com
excreta de aves, em particular de pombos, sedimentando o conceito de infecgédo

adquirida a partir de ambiente contaminado (Emmons, 1951).

13



O diagndstico laboratorial de C. neoformans foi drasticamente simplificado no
inicio dos anos 1960 quando Staib descreve meio de cultura indicativo onde somente a
levedura de C. neoformans produzia pigmento marrom. Tal meio era produzido com
sementes de Guizotia abyssinica, mais conhecidas como sementes de Niger, gréo rico
em extratos etéreos (6leos). O Gleo vegetal bruto extraido dessa semente é geralmente
mais estavel do que o Oleo refinado correspondente e € rico em tocoferois (vitamina
lipossoluvel), fosfolipidios, fitoesterdis e fendis que sdo 0s mais importantes
antioxidantes naturais em Oleos brutos (Ramadan et al., 2003). Seeliger e Staib
descobriram que C. neoformans poderia ser distinguido de outras leveduras brancas por
sua atividade de urease (Seeliger 1956) e formacdo de melanina (Staib 1962b), além da
presenca de capsula.

Durante varias décadas, os agentes da criptococose foram organizados em duas
variedades que incluiam cinco sorotipos: C. neoformans var. neoformans para sorotipos
A, D e AD (agora reconhecido como um hibrido entre as linhagens A e D) e C.
neoformans var. gattii para os sorotipos B e C (Kwon-Chung et al., 1982). A fase
teleomorfica desses agentes inclui duas espécies classificadas no género Filobasidiella
como Filobasidiella neoformans (C. neoformans) e Filobasidiella bacillispora (C.
gattii) (Kwon-Chung, 1976, 1975). A identificacdo das espécies C. neoformans e C.
gattii ficou baseada nas diferencas morfoldgicas da fase teleomorfica e pelas diferencas
bioquimicas da fase anamorfica. Apesar da forma dos basidiésporos das duas espécies
ser diferente, a morfologia da fase de levedura ndo possui diferencas marcantes (Kwon-
Chung & Varma, 2006). A identificacdo dos basididésporos alongados, caracteristicos da
espécie C. gattii, s6 pode ser obtida in vitro em meios especiais, através da conjugacédo
com cepas padrdo de tipo sexuado MATalfa e MATa, sendo que nem todas sdo férteis
(Kwon-Chung & Varma, 2006). Portanto, esta metodologia utilizada em pesquisa ndo
se aplica a rotina de identificacdo fenotipica de isolados clinicos ou ambientais.

A criptococose era considerada uma doenca rara até o inicio do uso de terapia
com imunossupressores a partir da década de 1970. A importancia de entender o
patdgeno tornou-se ainda mais urgente diante da emergéncia global da criptococose no
inicio da década de 1980, com advento do virus da imunodeficiéncia humana (HIV) e
da sindrome da imunodeficiéncia adquirida (aids). A criptococose € uma das mais
importantes infecgdes fngicas oportunistas em pacientes vivendo com HIV/aids e uma
das principais contribuidoras para mortalidade precoce nesses individuos, representando

entre 13% e 44% das mortes neste grupo. Segundo Rajasingham e cols., a incidéncia
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global anual de meningite criptocdcica estd em 223.100 casos, resultando em 181.100
mortes anuais em 2014. A Africa Subsaariana continua sendo a regifo responsavel pela
maior parte dos Obitos de meningite criptococica no mundo, e recentemente estudos
ressaltam que nesse tipo de regido ou seja em paises de baixa renda, a letalidade pode

ser entre 70%-100% dependendo da conduta clinica (Rajasingham et al., 2017).

1.2 AGENTES DA CRIPTOCOCOSE

1.2.1 TAXONOMIA E NOMENCLATURA

O género Cryptococcus inclui cerca de 70 espécies de leveduras na forma
anamdrfica. Algumas delas tém a forma teleomérfica conhecida, como por exemplo os
géneros Filobasidium, Filobasidiella, Cystofilobasidium e Kwoniella, na classe dos
Tremellomycetes do Filo Basidiomicota. A maioria das espécies de Cryptococcus sao
saprofiticas, mas destacam-se dois agentes, Cryptococcus neoformans e Cryptococcus
gattii, capazes de produzir melanina, apresentar capsula polissacaride complexa, serem
termotolerantes a 37°C e patogénicos para homens e outros mamiferos (Heitman et al.,
2010).

A aplicacdo de métodos moleculares no estudo de C. neoformans inicia-se no
final da década de 1980 e inicio da década de 1990, sendo tais métodos intensamente
utilizados nas investigacGes subsequentes (Kwon-Chung and Bennett, 1992). Apds
implantacdo da técnica da reacdo de polimerase em cadeia (PCR) e do sequenciamento
de DNA, foi observada uma ampla diversidade genética dos agentes etiol6gicos da
criptococose. Como exemplo, a divergéncia na sequéncia do gene URA5 de cepas do
sorotipo A de C. neoformans motivou a criacdo de variedade separada com o nome de
C. neoformans var. grubii (Franzot et al., 1999). Em 2000, C. neoformans var. gattii foi
considerado uma espécie, C. gattii (Kwon-Chung et al., 2002), separado do taxon C.
neoformans por diferengas filogenéticas. Experimentos de cruzamentos in vitro entre
cepas de C. neoformans e C. gattii foram capazes de desenvolver ciclo sexuado entre as
duas espécies, mas a progénie em F1 era infértil, evidenciando segregacdo desses
agentes em duas espeécies distintas com base no conceito bioldgico de espécie.

Segundo anélise de taxa de evolugéo genética, estima-se que essas duas especies
divergiram em aproximadamente ~80-100 milhdes de anos atrds (Casadevall et al.,
2017). Estudo do gene URAGS revelou que C. neoformans e C. gattii s&o compostos por

pelo menos quatro subgrupos principais e geneticamente distintos (Hagen et al., 2011).
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C. neoformans tem cinco tipos moleculares VNI-VNIV, e 0 mais recentemente descrito
VNB (Litvintseva et al., 2006) e C. gattii tem quatro tipos moleculares, VGI-VGIV
(Kidd et al., 2004).

Uma proposta recente de nomenclatura sugeriu a criagdo de 7 espécies
separadas, excluindo hibridos diploides/aneuploides formados entre os diferentes tipos
moleculares. Essa analise foi realizada com base em dados gerados pelo multilocus
sequence typing (MLST) e utilizou somente 115 isolados: os resultados gerados
sugerem a divisdo de C. neoformans em duas espécies (C. neoformans e C.
deneformans) e C. gattii em cinco espécies (C. gattii, C. deuterogattii, C. bacillisporus,
C. tetragattii e C. decagattii) (Hagen et al., 2015).

Porém um grupo da comunidade cientifica, incluindo um namero expressivo de
clinicos, se reuniram para apreciar criticamente essa proposta resultando na elaboragéo
de artigo liderado pela Dr June Kwon-Chung, referéncia fundamental na taxonomia dos
agentes da criptococose. Apontamos em seguida 0s aspectos principais considerados
nessa publicacdo de grande importancia para os clinicos e os laboratérios de rotinas que
lidam com o desafio de diagnosticar e tratar essa micose (Kwon-Chung et al., 2017):

Q) As designacdes das espécies filogenéticas certamente irdo mudar, ja
que foram analisados menos de 5% das cepas genotipadas, 0 que ndo
representa a verdadeira diversidade dentro do complexo de espécies.

(i) O uso de uma Unica linhagem para designar espécies (C. decagattii),
sem caracteristicas fenotipicas, é altamente controverso e levanta uma
questdo ndo resolvida de como diferentes genomas devem ser
utilizados no delineamento de uma espécie.

(iii) Utilizar apenas abordagens cladisticas (filogenéticas) para delineacédo
de espécies dos agentes da criptococose é inadequado, uma vez que
estes fungos mostram varias taxas de recombinacdo, clonalidade e

hibridizac&o dentro e entre as espécies.

Portanto, além das consideracGes acima apontadas sobre o trabalho de
Hagen e cols (2015), a renomeacédo de patdgenos importantes na area medica
requer um consenso dentro da comunidade cientifica para prevenir a confusao na
literatura publicada, bem como evitar confusdo na pratica clinica e instabilidade

taxonOdmica.
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Concluindo, Kwon-Chung e cols (2017) preconizam, que em vez de
"espécies” deve-se utilizar, "complexo de espécies”, acomodando espécies
cripticas ja conhecidas e aquelas que podem ser identificadas no futuro. Tipos
moleculares dentro de cada complexo de espécies podem ser designados pelo
seu tipo molecular por exemplo VNI, VGI e etc, sempre que necessario. No
momento, os autores preconizam o uso da nomenclatura “C. neoformans espécie

complexa” ¢ “C. gattii espécie complexa’’ (Kwon-Chung et al., 2017).

1.2.2-IDENTIFICACAO FENOTIPICA

1.2.2.1- TRADICIONAL

Do ponto de vista fenotipico, essas duas espécies s6 podem ser diferenciadas
através do teste canavanina-glicina-azul de bromotimol (CGB) que distingue C. gattii
por sua capacidade de assimilar glicina como Unica fonte de carbono e nitrogénio e ndo
ser inibido pela canavanina, resultando em crescimento no meio de cultura, mudanca do
indicador de pH para cor azul cobalto, resultando em CGB positivo. Por outro lado, C.
neoformans ndo cresce no meio, mantém a cor original, resultando em CGB negativo
(Kwon-Chung & Bennett, 1992; Kwon-Chung et al., 2002). O teste CGB ¢ utilizado
como critério taxondmico fenotipico para distingdo entre as duas espécies, no entanto
outros testes como assimilacdo de acido malico ou D-prolina também tém sido descrito
como ferramenta para distincdo destas espécies (Nishikawa et al., 1996; Kurtzman et al
2011).

1.2.3-IDENTIFICACAO MOLECULAR

Extensa variabilidade genética é observada nas espécies C. neoformans e C.
gattii. Andlise das sequéncias de nucleotideos dos espacos intergénicos (Intergenic
Spacer, 1GS) e intragénicos (Intragenic Spacer, ITS) dos genes ribossomais de isolados
clinicos e ambientais de diferentes regides geograficas mostraram divergéncias entre
isolados da mesma variedade e espécie (Diaz et al., 2005). Andlise dos perfis obtidos
por PCR-fingerprinting utilizando como iniciadores oligonucleotideos obtidos da
sequéncia central do fago M13 e analise de fragmentos de acidos nucleicos gerados por
enzimas de restricdo PCR-URA5 RFLP “Polymerase Chain Reaction- Restriction

Fragment Length Polymorphism”, discriminam tipos moleculares especificos para C.
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neoformans denominados VNI e VNII (sorotipo A), VNIII (sorotipo AD), VNIV
(sorotipo D) e, para C. gattii os tipos moleculares denominados VGI, VGII, VGIII e
VGIV, sorotipos B e C, ndo sendo observada correlacdo entre os sorotipos e 0s tipos
moleculares em C. gattii (Meyer et al., 2003).

A andlise da variabilidade genética utilizando Amplified Fragment Lenght
Polimorphism (AFLP) que identifica diferentes tipos moleculares como: VNI/AFLP 1 e
VNII/AFLP1A e AFLP1B, VNIII/AFLP3, VNIV/AFLP2, VGI/AFLP4, VGII/AFLPS,
VGII/AFLP5 e o genotipo VGIV/AFLP7 também é utilizada (Boekhout et al., 2001).

As diferentes técnicas (PCR-URA5 RFLP e AFLP) permitem identificar os
mesmos tipos molecures havendo correspondéncia portanto entre as denominacoes
utilizadas: AFLP 1 e 1A, AFLP 2, AFLP 3, AFLP4, AFLP5 e o genétipo AFLP6. Pela
simplicidade e baixo custo da técnica PCR-URA5 RFLP esta tem sido utilizada
amplamente em estudos epidemioldgicos (Meyer et al., 2003).

Reconhecendo a necessidade urgente de um método de tipagem padronizado e
aceitavel globalmente, um grupo de trabalho em “Genotipagem de C. neoformans e C.
gattii”, foi formado na Sociedade Internacional de Micoses Humanas e Animais (Isham)
no inicio de 2007, no qual participaram todos os principais grupos de pesquisa
envolvidos na tipagem molecular de C. neoformans. Foi selecionado a Tipagem por
Sequéncia de Multiplos Locis “multilocus sequence typing — MLST” como 0 método de
escolha para a tipagem de cepas em funcéo de seu elevado poder de discriminacao, bem
como da reprodutibilidade entre diferentes laboratérios. O grupo de trabalho também
escolheu cepas de referéncia padrdo que representassem 0s 0ito principais tipos
moleculares e como conclusdo, esse grupo prop8e o seguinte conjunto de loci genéticos
associados a variabilidade e viruléncia desses patdgenos, como um padréo internacional
para tipagem de C. neoformans e C. gattii: CAP59: Gene associado a proteina capsular,
GPD1: Gliceraldeido-3-fosfato desidrogenase, LAC1: lacase, PLB1: fosfolipase B,
SOD1: superéxido dismutase de Cu?e Zn?*, URA5: Orotidina monofosfato
pirofosforilase e 1GS1: espacos intergénicos RNA Ribosomal (Meyer et al.,2009).
Pretendiam com essa ferrementa identificar subtipos (Sts) dentro dos oito tipos
moleculares para estudos de distribuicdo geografica, expansao e surtos.

O sequenciamento do genoma completo (WGS) é um método abrangente. A
informacdo completa do genoma tem sido fundamental na identificacdo de mutacGes
hereditarias e no rastreamento de surtos de doencas. A répida reducdo dos custos de

sequenciamento e a capacidade de produzir grandes volumes de dados com os
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sequenciadores atuais, tornam o0 sequenciamento gendmico completo uma ferramenta
poderosa para a pesquisa em genémica. Em estudo de populagdes distintas de C. gattii
da regido do Pacifico na América do Norte (PNW), o sequenciamento do genoma
completo foi realizado com intuito de averiguar as fontes naturais e as adaptacOes
gendmicas que levaram ao surgimento da infeccdo nesta regido temperada. O WGS
revelou um grande nimero de eventos mutacionais e recombinacionais; no entanto, 0s
trés subtipos dominantes do PNW eram de baixa diversidade e completamente clonais.
O uso dessa ferramenta forneceu argumentos para uma maior compreensdo da evolucao

de C. gattii nas Américas (Engelthaler et al., 2014).

1.3-PATOGENIA

Na criptococose, a infecgdo ocorre através da inalagdo de propagulos flngicos a
partir de uma fonte ambiental para o trato respiratorio, podendo atingir os pulmdes.
Este processo no hospedeiro pode resultar em infeccdo autolimitada, controlada pela
prépria resposta imune do hospedeiro, e 0s sintomas podem estar ausentes ou serem
inespecificos. Na primo-infecgdo, usualmente o fungo entra em laténcia no foco
pulmonar, mantendo-se viavel com baixo metabolismo, podendo ser reativado quando o
hospedeiro se torna imunocomprometido. A doenca pulmonar apresenta-se como
processo inflamatdrio usualmente de apresentacdo aguda e padrdo radioldgico
inespecifico bem como de no6dulos pulmonares periféricos, resultado de uma
apresentacdo tardia (Kishi et al., 2006; Lin and Heitman, 2006). Dependendo da carga
fangica inalada e do estado imune do hospedeiro pode ocorrer disseminacdo
linfohematogénica, com lesdo secundaria para diferentes 6rgdos, sendo a infeccdo do
sistema nervoso central (SNC) a principal manisfestacdo da criptococose no momento
do diagnostico, seja em imunocompetentes ou imunocomprometidos. A infec¢do do
SNC dependera da capacidade de evasdo do fungo das barreiras envolvidas na fase
inicial da infec¢do pulmonar. Curiosamente, Ngamskulrungroj et al. demonstraram que,
diferente de C. gattii, C. neoformans H99 apresenta lesdes mais evidentes no SNC do

que no pulmao (Ngamskulrungroj et al., 2012), aspectos que demandam futuros estudos.

Os agentes da criptococose vivem em uma relagdo complexa com o hospedeiro
infectado. Durante a primo-infeccdo, o patdgeno deve ser capaz de se adaptar ao

ambiente do hospedeiro e reagir com as mudancas celulares adaptativas. Essas respostas
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geralmente incluem a indugdo de fendtipos especificos que tornam o microrganismo
capaz de sobreviver e proliferar dentro desse novo ambiente. Essa plasticidade
fenotipica dos fatores de viruléncia pode evitar que os agentes da criptococose sejam

reconhecidos pelo sistema imunolégico do hospedeiro (Alspaugh, 2015).

I. Os agentes da criptococose tém alguns fatores de viruléncia bem
caracterizados: Capacidade de crescer a temperatura corporal de
mamiferos: C. neoformans e C. gattii podem crescer e se multiplicar em
temperaturas de 37°C a 39°C, sendo esta caracteristica essencial para a
viruléncia desses patdgenos.

Il.  Producdo de capsula: um polissacarideo complexo composto de
glucuronoxilomanana e galactoxilomanana, forma uma estrutura em
volta da superficie da célula, reduz a fagocitose e sua a expressdo protege
o0 fungo de estresse oxidativo intracelular.

1. Producdo de melanina: tem propriedades antioxidantes e fornece
protecdo adicional para o fungo.

IV.  OQutros fatores como urease e fosfolipases sdo importantes na patogenia
do Cryptococcus spp. C. neoformans também desenvolveu Vérias
estratégias para sobreviver e replicar dentro de células fagociticas.

No entanto, apesar dessas estratégias bem-sucedidas de viruléncia, C.
neoformans nédo precisa de hospedeiro para completar o seu ciclo de vida, levando assim
a designacdo de "patdgeno acidental" (Casadevall and Pirofski, 2007).

Por ser designado patdgeno acidental em varios hospedeiros ndo mamiferos,
autores tém utilizado o modelo Galleria mellonella, método alternativo, para estudar a
viruléncia e os efeitos dos compostos antifingicos dos agentes da criptococose. O
conceito de "métodos alternativos” é compreendido em um contexto mais amplo
considerando, inclusive, os esforcos que sdo realizados pela comunidade cientifica
mundial para diminuir o uso de animais de laboratério para um namero minimo possivel
(Firacative et al., 2014).

1.4-DIAGNOSTICO LABORATORIAL

1.4.1 MICROSCOPIADIRETA
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A microscopia direta baseia-se na visualizagédo de levedura capsulada sem hifa ou
pseudo-hifa no espécime clinico em prepara¢cdes com tinta nanquim (tinta da China).
Realizada especialmente de espécimes oriundos do trato respiratorio, urinario e digestivo,
onde outras leveduras capsuladas ndo patogénicas do género Cryptococcus podem ser
encontradas. No LCR e em materiais obtidos de lesGes fechadas o exame direto positivo é
de valor diagndstico (Lacaz et al., 2002).

1.4.2 IDENTIFICAGCAO EM TECIDO

Em cortes corados ao Mucicarmim de Meyer, C. neoformans e C. gattii sdo
identificados devido a céapsula que se apresenta na cor vermelha, facilitando o seu
reconhecimento, sobretudo nas formas hipo-capsuladas. Coloragdo pelo &cido periédico de
Schiff (PAS) pode ser uma alternativa para demonstracdo dos agentes. A impregnacdo
argéntea pelo método de Gomori-Grocott evidencia a parede fungica, mas ndo permite a
identificacdo desta levedura, pois ndo discrimina a capsula. A coloracdo de Fontana-
Masson evidencia o deposito de melanina na parede, auxiliando na sua identificacdo em
tecidos. A hematoxilina-eosina deve ser feita de rotina para localizacdo e analise do padrdo
reacional das lesbes (Kwon-Chung & Bennett, 1992; Lacaz et al., 2002).

1.4.3 IDENTIFICACAO EM CULTIVO

O cultivo em meio de Sabouraud 2% sem actidiona (cicloheximida) deve ser usado
de rotina. Atualmente recomenda-se de rotina também o uso do meio de semente de niger
com antibidtico (NSA-cloranfenicol), que apresenta excelente rendimento em espécimes
clinicos contaminados como escarro, urina e material de lesdes cutaneas abertas. Todo
material de bidpsia deve ser cultivado de rotina e também submetido a estudo
histopatoldgico (Kwon-Chung & Bennett, 1992; Lacaz et al., 2002).

C. neoformans e C. gattii apresentam micro-morfologia e um conjunto de
caracteristicas fisiologicas e bioquimicas comuns. Ambos apresentam-se como levedura
capsulada, sem hifa ou pseudo-hifa, sdo termotolerantes a 37°C, produtor de fenol-
oxidase em meio NSA ou meio similar contendo compostos fenolicos. Ndo fermentam
acucares; assimilam como Unica fonte de carbono a galactose, sacarose, maltose,
trealose, melizitose, D-xilose, L-ramnose, sorbitol, manitol, dulcitol, D-manitol, o-

metil-d-glucosideo, salicina, inositol, aléem da glicose e frutose. Para realizacdo de
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metabolismo oxidativo o nitrato ndo é assimilado como unica fonte de nitrogénio
inorganico, também ndo sofre reducgdo a nitrito. Hidrolisam uréia devido a capacidade
de produzirem urease quando cultivados em meio de agar uréia de Christensen, sendo
bastante raros os isolados urease-negativos. Sao sensiveis a cicloheximida, ndo
crescendo nos meios seletivos que contém esta droga nas concentracfes de 0,2 a 0,5%,
embora alguns isolados possam crescer em concentragdes mais baixas da droga (Kwon-
Chung & Bennett, 1992; Lacaz et al., 2002). Portanto os testes usuais de assimilacao de
fontes de carbono e nitrogénio ndo distinguem as espécies de Cryptococcus fenol-
oxidase positivas. O teste de CGB (canavanina-glicina-azul de bromotimol) é o teste
fisiologico recomendado para diferenciar C. gattii de C. neoformans. Baseia-se em
diferencas na resisténcia a L-canavanina e assimilacdo de glicina como Unica fonte de

carbono e nitrogénio, sendo positivo para C. gattii e negativo para C. neoformans.

1.4.4-METODOS AUTOMATIZADOS

1.4.4.1 SISTEMAVITEK 2

A busca por métodos automatizados capazes de diferenciar os agentes da
criptococose sempre foi um desafio, tendo em vista que o diagndstico rapido e confiavel
pode implicar diretamente no desfecho da criptococose. No entanto, a identificacdo de
C. gattii em sistemas comerciais ndo é prevista. Observa-se que o0 sistema automatizado
VITEK 2 nédo distingue entre C. neoformans e C. gattii, denominando ambos

indiscriminadamente como C. neoformans (Brito-Santos 2013).

1.4.4.2 MALDI-TOF

Recentemente, a espectrometria de massa por MALDI-TOF ("Matrix Assisted
Laser Desorption/lonization™) tem sido utilizada para identificar com sucesso varias
espécies de bactérias e fungos. No ambito da criptococose essa ferramenta foi utilizada
para identificacdo de espécies e subespécies, sendo observada uma boa correlagdo com
0s seus respectivos tipos moleculares. E uma técnica simples para a separacdo dos 0ito
principais tipos moleculares e também para a detec¢do de cepas hibridas dentro deste
complexo de espécies (Firacative et al., 2012; Machado Siqueira et al., 2018; Posteraro
et al., 2012). Na comparacdo com a analise do sequenciamento de DNA, a técnica de
MALDI-TOF MS identificou corretamente 100% das espécies de Cryptococcus,
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distinguindo C. neoformans de C. gattii (McTaggart et al., 2011). Porém, esta técnica
pode apresentar algumas restricbes como a limitagdo do acervo de espectros de
referéncia no banco de dados e o tamanho da capsula, que pode interferir na

diferenciacéo entre C. neoformans e C. gattii (Thomaz et al., 2016).

1.4.5-DIAGNOSTICO IMUNOLOGICO

O diagndstico da criptococose baseia-se em exames laboratoriais, sendo o padrao-
ouro o isolamento dos agentes em cultivo, mas tém valor diagnéstico também outros trés

métodos:

I.  Deteccdo de antigeno polissacaride atraves de técnica de aglutinacdo em
particulas de latex sensibilizadas com anticorpos especificos.

[l.  Teste imunocromatografico aplicado a espécimes clinicos “Cryptococcal
Antigen Lateral Flow Assay” (CrAg LFA). Este teste mais recentemente
disponibilizado no mercado permite o diagndstico da doenca criptocécica e
apresenta sensibilidade e especificidade (soro e LCR) de quase 100% em
populacdo de pacientes infectados pelo HIV (Kambugu et al., 2008; Temfack
etal., 2018).

O teste CrAg LFA pode servir como uma ferramenta de rastreio para a doenca
criptocécica, e a utilizacdo do CrAg LFA como “Point of care”, realizado a beira do
leito, em pacientes com CD4< 100 células/mm?® tem sido proposta para diagndstico
precoce da criptococose principalmente em regides com limitacdes laboratoriais, visto que
esse exame é de facil execucdo (Pongsai et al., 2010). Estudos na Africa revelam
prevaléncia de 4,3 a 12,1% (Jarvis et al., 2009; Wajanga et al., 2011; Osazuwa et al.,
2012; Longley et al., 2016). No Brasil a prevaléncia em pacientes com CD4< 100
células/mm?® esta sendo estudada em diversos centros, sendo que se observou 11,23% em
estudo prospectivo de pacientes internados no INI-FIOCRUZ (Ferreira 2016). A
prevaléncia de antigenemia criptococica em pacientes HIV tem sido estudada em alguns
lugares da Asia (3,05%), Africa (5,8%) e Brasil (4,81%) (Liechty et al., 2007; Micol et
al., 2007,Ferreira 2016). E em recente estudo de meta-andlise de efeito aleatdrio para
avaliar a prevaléncia de positividade de CrAg LFA no sangue (31 estudos; 35.644

participantes) e meningite criptococica assintomatica em individuos CrAg LFA positivo,
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observou-se 6% (IC 95%: 5-7) de positividade no sangue e dentro deste grupo uma
positividade de 33% (IC 95%: 21 - 45) no LCR, indicando meningite assintomatica. O
rastreamento do antigeno criptococico CrAg LFA no soro, seguindo de pungdo lombar
nos casos positivos para excluir meningite e o fluconazol preventivo direcionado em
adultos infectados pelo HIV, com contagem de CD4 inferior a 100 células/uL,
administracdo de antirretrovirais, parecem promissores para reduzir a carga da meningite
criptocdcica (CM) (Temfack et al., 2018).

O rastreio de CrAg tem custo beneficio favoravel em populacdes cuja prevaléncia
de criptococose seja acima de 3%, com instituicdo de tratamento preventivo com
fluconazol nos casos de antigenemia isolada, podendo reduzir efetivamente a taxa de
mortalidade por criptococose (Guidelines for The Diagnosis, Prevention and
Management of Cryptococcal Disease in HIV-Infected Adults, Adolescents and
Children, 2018).

1.5-ECO-EPIDEMIOLOGIA GLOBAL

A criptococose é uma micose de distribuicio mundial e seus agentes, C.
neoformans e C. gattii, apresentam oito tipos moleculares com distribuicdo geografica
heterogénea. Uma analise de 2.755 isolados de Cryptococcus, distribuidos em 2.046
isolados clinicos, 68 veterinarios e 604 ambientais, demonstrou o predominio de C.
neoformans VNI sorotipo A. Esse tipo molecular é responsavel por 63% dos isolados
clinicos e 41% dos isolados de origem ambiental. A infeccdo por C. gattii e seus tipos
moleculares é menos comum, totalizando 20% quando comparado com 80% dos
isolados de C. neoformans e seus tipos moleculares. Observando isolados de origem
ambiental, essa distribuicdo dentre as espécies é equivalente mundialmente, sendo que
C. gattii representa 52% e C. neoformans 48% dos isolados analisados no estudo
(Meyer et al., 2011). Uma diferenca notavel é observada quanto a distribui¢do global de
C. neoformans e C. gattii, onde a prevaléncia de C. gattii € maior nas Américas e no
hemisfério sul. C. gattii € muito pouco isolado tanto em espécimes clinicos quanto em
amostras ambientais na Europa (Cogliati et al., 2017), incluindo Russia e parte da Asia,
especialmente na China, Tailandia e Japdo. A maioria das infec¢des em pacientes
imunocompetentes e imunocomprometidos € causada por C. neoformans VNI, sorotipo
A (Meyer et al., 2011).
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Todos os tipos moleculares de C. neoformans causam infeccdo em pacientes
imunocomprometidos e os tipos moleculares de C. gattii sdo responsaveis pelas
infeccdes em pacientes imunocompetentes. Essa observacdo global ndo inclui a China
que apresenta uma casuistica significativa de criptococose por C. neoformans VNI em
pacientes ndo infectados pelo HIV, sendo que achados similares foram descritos na
Coréia do Sul (Woo et al., 2008). Italia, Tailandia e Japdo apresentam dados
epidemioldgicos semelhantes aos citados na literatura (Cogliati et al., 2008;
Supparatpinyo et al., 2008; Miyazaki 2008). Uma mudanca na distribuicdo geografica é
observada nos tipos moleculares VNIII (hibrido AD) e VNIV (sorotipo D), que tinham
sido descritos anteriormente no sul da Europa, principalmente na Italia e Franca, e
ocorrem também em numero relativamente elevado na América Latina (México,
Colémbia, Brasil e Chile). Os isolados ambientais na América do Sul tém como
predominio dois tipos moleculares em particular: VNI (46%) e VGII (36%) (Meyer et
al., 2011).

Na América Latina, recente estudo analisando 3.486 isolados de diferentes
paises (Brasil 45,87%, Colémbia 24,99%, Mexico 9,21%, Argentina 8,09%, Cuba
6,05%, Venezuela 2,90%, Peru 1,06%, Equador 0,77%, Chile 0,55%, Guatemala 0,43%
assim como Honduras, Paraguai e Uruguai com um isolado cada) revelou que 67,7%
dos isolados eram de origem clinica com predominio do tipo molecular VNI seguido do
tipo molecular VGII e 32,2% eram de origem ambiental com mesmo perfil de tipos
moleculares dos isolados de origem clinica (Firacative et al., 2018).

Na América do Norte, o tipo molecular VGII é o mais comum, e representa 61%
dos isolados ambientais, seguido de VNI (29%). Chamam a atencdo os isolados de C.
gattii VGII relacionados a epidemia de Vancouver, hoje area endémica, e seus
respectivos subtipos denominado VGlla e VGIIb. Tais subtipos foram isolados de
amostras clinicas, veterinarias e ambientais na Ilha de Vancouver e posteriormente
ocorre expansdo para a costa do pacifico, onde foi isolado um terceiro subtipo VGlic
(Acheson et al., 2017; MacDougall et al., 2007).

Na Oceania, incluindo a Australia, VGII (70%) é o tipo molecular mais comum
em isolados ambientais e na Europa VNI (40%) é o mais comum (Meyer et al., 2011).
Na criptococose por C. neoformans, trés genotipos moleculares sdo mais
frequentemente citados: VNI, VNIl e VNB (Meyer et al., 2003). Cepas VNI sdo

globalmente dominantes, e isolados VNIl sdo menos comuns. VNB €é um novo
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subgrupo molecular descoberto em uma populacdo descrita em Botsuana e também
presente na América do Sul (Andrade-Silva et al., 2018; Litvintseva et al., 2006).
Globalmente na criptococose por C. neoformans, ha o predominio dos subtipos
ST93 e ST5 de VNI. O ST93 é identificado principalmente em isolados de pacientes
HIV-positivos em varios paises, sendo prevalente na Indonésia, india, Uganda e Brasil.
Ja o subtipo ST5 é mais prevalente entre os isolados clinicos na Europa, Asia e
raramente isolado no Brasil (Ferreira-Paim et al., 2017). Faltam no entanto estudos de
isolados de agentes da criptococose em outros paises da Africa e outros em

desenvolvimento, para ter um panorama mais amplo.

1.5.1 SURTOS DE CRIPTOCOCOSE

Além do carater oportunista e endémico de areas tropicais e subtropicais, 0s
agentes da criptococose sdo relacionados também a surtos em diferentes areas
geograficas. Curiosamente, estes relatos apontam C. gattii como agente causal desses
surtos e até 0 momento nenhum relato bem documentado tem atribuido a C. neoformans
esse potencial epidémico.

Surtos em animais foram descritos, como pneumonia em cabras na Espanha
(Baro et al., 1998) e forma disseminada em psitacideos em aviario no interior de Sao
Paulo (Raso et al., 2004). O maior surto foi registrado na ilha de Vancouver, Canada,
atingindo 38 casos humanos, entre 1999 e 2001, a maioria imunocompetentes, sendo
58% do sexo masculino, 72% com lesdo pulmonar, 26% com lesdo de SNC e letalidade
em torno de 10% (Kidd et al., 2004). A micose foi também diagnosticada em 35
animais, incluindo 18 gatos, 17 cées, 6 golfinhos (Phocoenidae dalli), 2 furdes e 2
Ihamas. Até hoje ha relatos de casos relacionados a essa epidemia, que adquiriu um
carater endémico na regido. Essencialmente causada por C. gattii VGII com expansédo
para costa pacifica dos Estados Unidos incluindo também infeccdo humana e animal
(Acheson et al., 2017).
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1.6-ECO-EPIDEMIOLOGIA NO BRASIL

Isolados clinicos e ambientais no Brasil mostram consideravel diversidade
genética de ambas as espécies, demonstrando ocorréncia simultdnea de diferentes
tipos/genotipos (VNI, VNIV e VGII) em ocos de arvores. Estudo retrospectivo dos tipos
moleculares de C. neoformans e C. gattii circulantes no Brasil sugere diferencas
regionais na distribuicdo destes gendtipos. Assim, as regifes Sul e Sudeste do Brasil
apresentam como tipo molecular predominante VNI, atingindo, sobretudo pacientes
imunocomprometidos, principalmente os com aids (Igreja et al., 2004; Matsumoto et al.,
2007; Trilles et al., 2008).

Os primeiros casos de criptococose infantil descritos por Corréa (1999), em
Belém, chamaram a atencdo para a ocorréncia e gravidade da meningoencefalite em
criancas HIV negativo nesta regido da Amazo6nia. Estudos mostram o predominio da
criptococose gattii sobre a criptococose neoformans em centro de referéncia em Belém
do Para (Santos et al., 2008), onde a maioria absoluta apresenta lesdo de SNC. Estudos
ambientais evidenciaram a presenca dos dois agentes (C. gattii e C. neoformans) em
arvores, na poeira coletada no interior de domicilios e em raspado de madeira em
decomposicdo obtido de tabuas utilizadas na construcdo de casas da cidade de Belém
(Costa et al., 2009).

C. neoformans mostra-se amplamente adaptado a éareas urbanas, sendo capaz de
reproduzir-se por expansdao clonal e sobreviver em substratos secos, protegido da
iluminacdo direta. Ja foi encontrado na poeira domiciliar no Rio de Janeiro, em cerca de
13% dos domicilios investigados e, também em gaiolas de passaros domesticos (Passoni
et al.1998). Mostra-se ubiquo e de facil inalacdo através de formas dessecadas das
leveduras presentes no meio ambiente e, possivelmente, também de basidiosporos. Este
estudo no Rio de Janeiro mostrou risco aumentado de adquirir criptococose para
moradores com HIV/aids em casas contaminadas por C.neoformans sorotipo A (Passoni
et al., 1998). Este sorotipo A, que corresponde ao tipo VNI, também é encontrado em
ambientes rurais e ja foi identificado em cacaueiro e arvores nativas da mata amazonica,
indicando habitats naturais em areas preservadas ou com pouca intervencdo humana,
provavelmente seu micro habitat primario (Lazera et al., 2000).

Considerando a expansdo geografica de C. gattii, um estudo de isolados
ambientais investigou ocos de arvores vivas como possivel reservatorio de C. gattii no

Rio de Janeiro, sendo que 80 amostras de madeira em decomposi¢do de area urbana e
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85 de area silvestre foram coletadas. C. gattii VGI foi identificado em 98% das colénias
isoladas, seguido de C. neoformans VNI (2%). Pela primeira vez no Rio de Janeiro, C.
gattii VGI foi isolado em oco de arvores (Barbosa et al., 2013).

Trilles e colaboradores (2008) realizaram estudo molecular de 443 de isolados
brasileiros de C. neoformans e C. gattii para determinar sua distribuicdo geogréfica no
Brasil. O tipo molecular mais comum encontrado no Brasil foi VNI (64%), seguido por
VGII (21%), VNIl (5%), VGIII (4%), VNIV e VGI (3% cada), e VNIII (<1%). A
criptococose priméria causada pelo tipo molecular VGII (sorotipo B, MATalfa)
prevalece em pacientes imunocompetentes nas regides Norte e Nordeste, revelando um
padrdo regional endémico para este tipo molecular no norte do Brasil Nishikawa et al.,
2003; Trilles et al., 2008; Martins et al., 2011).

No Brasil, estudos clinico-epidemioldgicos mostram a importancia da
criptococose gattii de SNC sob forma de meningite em adultos jovens de ambos 0s
Sexos e criangas nas regides norte e nordeste, com letalidade de 35% a 40% (Cavalcanti
1995, Correa 1999, Santos 2000, Nishikawa et al., 2003, Martins et al., 2004).

No Brasil, analise de 143 isolados de C. neoformans VNI, clinicos e ambientais,
por MLST destaca uma estrutura populacional clonal. A alta prevaléncia do ST93 em
isolados clinicos e ambientais e a significativa presenca do ST77 em isolados
ambientais sugerem uma estrutura populacional altamente clonal no Brasil para este tipo
molecular (Ferreira-Paim et al., 2017)

Por outro lado, estudo de 145 isolados C. gattii VGII identificou alta
variabilidade genética entre isolados, com 81 subtipos diferentes. Os STs mais comuns
e frequentes nas amostras clinicas e ambientais foram ST20-VGlla, ST40 e ST5. O
trabalho teve como objetivo avaliar a diversidade genética dentro da populagédo
brasileira de C. gattii VGII para obter um novo “insight” sobre a origem da dispersao
global de C. gattii. Os dados apresentados sugerem o surgimento de cepas altamente
virulentas de ancestrais nas regides Norte do Brasil, Amazdnia e Nordeste. Numerosos
genotipos representam uma ligacéo entre o Brasil e outras partes do mundo, refor¢cando
a América do Sul como a origem mais provavel dos subtipos C. gattii VGII e sua
subsequente disseminacéo global, incluindo sua dispersdo na América do Norte (Souto
et al., 2016).

Foi realizado estudo na regido Norte com 57 isolados de pacientes com
criptococose em um hospital de atendimento terciario do estado do Amazonas, Brasil,

entre 2006 e 2010. A maioria dos isolados de C. neoformans (n = 40) foi caracterizada
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como membros do tipo molecular VNI (n = 39), um Unico isolado foi caracterizado
como VNII enquanto que todos os isolados de C. gattii (n = 17) eram C. gattii VGII.
Este estudo revelou a prevaléncia do tipo molecular VNI, a presenca do tipo molecular
VGII, e foi relatada a primeira observacdo do tipo molecular VNII na regido norte do
Brasil (Freire et al., 2012). Alves e col. corroboram com esses achados, demostrando o
predominio de VNI seguido de VGII em isolados ambientais no municipio de Manaus
(Alves et al., 2016).

Considerando a complexidade da criptococose e de seus agentes no Brasil, a
expansdo geografica e possibilidade de surtos na extensdo da regido amazénica, é
preciso ampliar os estudos nesta regido, buscar o diagnostico precoce, principalmente
em criancas destas regides, bem como identificar tipos moleculares predominantes em

infeccBes humanas, em animais e no ambiente em nosso pais.
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2-RACIONAL E JUSTIFICATIVA

O estudo da criptococose dirigido a individuos nativos ou moradores de regiGes
endémicas em nosso pais constitui um desafio considerando que a criptococose, apesar
de ser emergente e causar elevada letalidade sob forma de meningite, ndo é notificada
no Brasil, onde sua magnitude é pouco conhecida e os trabalhos publicados indicam
diferentes perfis epidemioldgicos regionais. Particularmente na Amazonia observa-se
elevada ocorréncia de criptococose por C. gattii em criancas sem HIV apontando um
aspecto epidemiologico distinto e ndo descrito em outras regides do mundo. Isso sugere
precoce exposicdo ambiental aos agentes desde as fases iniciais da infancia. Outro
aspecto importante é a relacdo da expansdo geografica da criptococose com
desmatamento e mudancas climéticas. Estariam esses individuos mais expostos aos
agentes da criptococose em ambientes de colonizacdo na microrregido do Rio
Negro/Amazénia, considerando que os agentes da criptococose colonizam substratos
vegetais, particularmente madeira em decomposicdo, favorecida nesta regido pela
elevada umidade? Por outro lado, o extenso uso da madeira para utensilios e como
elemento estrutural do domicilio favoreceria a maior exposicdo do hospedeiro ao fungo
no seu cotidiano?

O primeiro estudo dirigido especificamente a estas questdes no Brasil foi
realizado em 2013 intitulado “ISOLAMENTO E CARACTERIZACAO MOLECULAR
DOS AGENTES DA CRIPTOCOCOSE EM POEIRA DOMICILIAR EM BAIRROS
DE SANTA ISABEL DO RIO NEGRO NO ESTADO DO AMAZONAS” pela Pos-
graduacdo da Medicina Tropical do IOC/FIOCRUZ. Amostras de poeira doméstica
foram analisadas quanto a presenca dos agentes da criptococose, observando-se
positividade de 3 dentre 51 casas (5,88%), com isolamento exclusivo de C. gattii VGII,
tipos sexuados Mat-a e Mat-alfa, constituindo o primeiro relato de ocorréncia ambiental
desta espécie e tipo molecular no estado do Amazonas.

Chamou atencdo inicialmente que, apesar da exposicdo intradomiciliar aos
agentes da criptococose, nao foram encontradas evidéncias de surto de criptococose
nestes ambientes. De fato, é possivel que casos de criptococose tenham ocorrido sem
diagnostico, ou tenham sido diagnosticados como meningites inespecificas em centros
distantes. E possivel também que a exposicdo cotidiana a poeira contaminada com

diferentes subtipos de VGII cause infeccdo sub-clinica, quadros respiratdrios
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regressivos que passam despercebidos ou confundidos com viroses e outras infec¢des
do aparelho respiratorio.

Considerando-se que C. gattii comporta-se como agente infeccioso priméario de
expressiva viruléncia; que apresenta potencial epidémico e estd em franca expansdo
geogréfica mundial, atingindo América do Norte, essencialmente a costa Pacifica; e que
estudos filogenéticos indicam a regido amazonica como area geografica de origem do
gendtipo VGII de C. gattii, o achado recente de C. gattii tipo molecular VGII em
grandes concentracbes em poeira domiciliar em residéncias do municipio de Santa
Isabel do Rio Negro (AM) apresenta implicages importantes: provavelmente ndo é
achado isolado, mas sugere a hipdtese de que este agente esta presente e adaptado nesta
importante regido amazonica. Sugere também a exposi¢do cotidiana dos moradores ao
agente, dentro dos seus domicilios. Portanto é fundamental estabelecer estudos
ambientais nesta regido, iniciando pela Bacia do Rio Negro. Sera que esse fungo esta
circulando em outros municipios desta microrregido? Serd que esses isolados
ambientais apresentam algum potencial de viruléncia? E possivel que ocorram infeccdes
subclinicas, e mesmo criptococose, nestas comunidades, e assim, como podemos
detectar esses casos? Todos esses eventos constituem um desafio e tém sido muito
pouco estudados no bioma amazénico, particularmente nas areas urbanizadas onde a
perda da biodiversidade original possibilita a adaptacdo e emergéncia de variantes
virulentos, formacdo de microfocos associados a constru¢bes humanas e continua
exposicdo de seus moradores. Para estudar a colonizacgdo pelos agentes da criptococose
nos ambientes urbanos da microrregido do Rio Negro propomos investigar ocorréncia
dos mesmos em focos ambientais relacionados ao domicilio e ao peridomicilio em
outros municipios desta microrregido. Em paralelo, consideramos oportuno sugerir

medidas possiveis de vigilancia dos agentes da criptococose nessa microrregiao.
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3-OBJETIVOS

3.1- OBJETIVO GERAL

Investigar a presenca dos agentes da criptococose em amostras ambientais intra e

peridomiciliares e propor medidas de vigilancia para esses agentes na microrregido do

Rio Negro no estado do Amazonas.

3.2-OBJETIVOS ESPECIFICOS

1.

Isolar e identificar os agentes da criptococose a partir de fontes ambientais.

Caracterizar tipos moleculares e o tipo sexuado (mating type) dos agentes da

criptococose.

Determinar a epidemiologia molecular dos agentes da criptococose na area de

estudo.

Otimizar técnica para diagnéstico de novos casos de criptococose na

Microrregiao.

Elaborar documento de divulgacdo dos agentes da criptococose para populacéo

da &rea de estudo.

Elaborar informe técnico para as secretarias de salde da microrregido.
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4-CONSIDERACOESETICAS

A presente tese constitui parte do projeto: “Estudo da infec¢do por Cryptococcus spp em
criancas e investigacdo de fontes ambientais de agentes da criptococose na Microrregido
do Rio Negro, Amazonas, Brasil”, aprovado pelo Comité de Etica em Pesquisa do
INI/FIOCRUZ em 07/05/15 sob o nimero CAAE 23238913.3.0000.5262/Verséo 4/

numero do parecer 1.226.671 (anexo A).
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5. CAPITULO 1- EPIDEMIOLOGIA DOS AGENTES DA CRIPTOCOCOSE NA MICRORREGIAO
DO RIO NEGRO.

Neste capitulo, trés trabalhos sdo apresentados.

A criptococose é uma doenca cosmopolita e vem sendo relatada como endémica
nas regides norte e nordeste do Brasil por varios autores. Essa micose ndo é de
notificacdo compulséria em nosso pais e por sua vez temos uma escassez de dados
quanto a sua real magnitude. Segundo Prado e col (2009), entre as micoses sistémicas a
criptococose € a primeira causa morte, especialmente em pessoas vivendo com HIV/aids
(Prado et al., 2009). A maioria dos dados de mortalidade obtidos por esses autores sao
relativos tanto a causa primaria e a causa associada a morte, esta Gltima refletindo o alto
indice de mortalidade da meningite criptococica (Soares 2015).

O Brasil, junto com paises como Australia, Canada e EUA sdo 0s pioneiros em
estudos de fontes ambientais dos agentes da criptococose no mundo. Os estudos
classicos revelam a associagdo desses agentes a excretas de aves e oco de arvores como
habitat natural e fonte primaria de infeccdo. Existem poucos estudos sobre a
exposicao domiciliar ou peridomiciliar baseados no conceito “indoor environment”
que considera que 0s seres humanos sdo expostos a microrganismos
principalmente pela inalacdo de particulas em suspensao aérea proveniente da
poeira domiciliar. Este € um importante mecanismo de exposi¢cdo, pois as pessoas
gastam mais de 86,9% de suas vidas em ambientes fechados (Klepeis et al., 2001).
Estudos relacionados a esse conceito revelam que o isolamento dos agentes da
criptococose no domicilio aumenta 2:1 vezes a chance do paciente adquirir essa micose
em sua residéncia (Passoni et al., 1998).

No primeiro trabalho publicado, alertamos sobre o isolamento de agentes da
criptococose associados a casas de madeira no municipio de Santa Isabel do Rio Negro
localizado na Microrregido do alto do Rio Negro. Esses achados iniciais foram
publicados na forma de artigo completo na revista cientifica “Plos One”, sendo
posteriormente sedimentado através de um segundo relato publicado como documento
suplementar na revista “World Biomedical Frontiers”, que revelou a presenca dos
agentes da criptococose em postes de madeira na area antropizada do mesmo municipio.
Essa microrregido mostrou-se assim area de estudo ideal para entender a dindmica dos

agentes da criptococose no ambiente domiciliar. O ltimo trabalho realizado nessa
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regido, revelou positividade em trés de 4 municipios da microrregido do Rio Negro.
Também foram avaliadas a epidemiologia molecular e o perfil de viruléncia in vivo dos
isolados ambientais. Nesse trabalho confirmamos a frequéncia dos agentes da
criptococose na microrregido e seu potencial de viruléncia. O aluno, nesse capitulo,
tenta mostrar a importancia do estudo das amostras ambientais associadas aos
domicilios, reforgando que, baseado no conceito “indoor environment”, 0s habitantes
destes 3 municipios podem estar expostos cotidianamente a esses agentes em suas
residéncias.

Mesmo que na microrregido do Rio Negro néo se tenha evidéncias ou relatos de
surtos por esses agentes, acreditamos que estes novos relatos contribuirdo para o melhor
e maior conhecimento acerca da importancia do estudo da poeira domiciliar na
criptococose, e que de posse destes dados, novos estudos possam aprimorar o olhar
clinico-epidemioldgico da criptococose nesta regido para otimizar o diagnostico e o
tratamento dos pacientes.
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Abstract

Cryptococcosis is a human fungal infection of significant mortality and morbidity, especially
in the meningoencephalitis form. Cryptococcosis is distributed worldwide and its agents, C.
neoformans and C. gattii, present eight major molecular types—VNI-VNIV and VGI-VGIV re-
spectively. The primary cryptococcosis caused by molecular type VGl (serotype B, MAT
alpha) prevails in immunocompetent patients in the North and Northeast of Brazil, revealing
an endemic regional pattern to this molecular type. Since 1999, C. gattii VGII has been in-
volved in an ongoing outbreak in Canada, and is expanding to the Northwest of the United
States, two temperate regions. Exposure to propagules dispersed in the environment, related
to various organic substrates, mainly decomposing wood in and around dwellings, initiates
the infection process. The present study investigated the presence of the agents of crypto-
coccosis in dust from dwellings in the upper Rio Negro, municipality of Santa Isabel do Rio
Negro in Amazonas state. Indoor dust was collected from 51 houses, diluted and plated on
bird seed agar. Dark brown colonies were identified phenotypically, and genotypically by
URADS restriction fragment length polymorphism analysis and multilocus sequence typing
(MLST). The mating type was identified using pheromone-specific primers. Three of the 51
houses were positive for C. gattii molecular type VGII, MATa and MATa, showing a high
prevalence of this agent. MLST studies identified eight subtypes, VGlIb (ST7), VGlla (ST20),
(ST5) and 5 new subtypes unique to the region. For the first time in the state of Amazonas,
C. gattiiVGIIl MATa and MATa were isolated from the environment and correlates with en-
demic cryptococcosis in this state. This is the first description of MLST subtypes on environ-
mental isolates in the Brazilian Amazon, indicating domiciliary dust as a potential source for
human infection with different subtypes of C. gattii VGI| MATa and MATa.
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Introduction

Cryptococcosis is a life-threatening systemic mycosis affecting humans and animals worldwide.
The disease is acquired by inhalation of infectious propagules (desiccated yeasts cells or basid-
iospores) of the members of the Cryptococcus neoformans/C. gattii species complex from the
environment. Its most frequent clinical manifestation is meningoencephalitis [1]. Cryptococ-
cosis by C. neoformans is cosmopolitan, affecting mainly immunocompromised individuals, es-
pecially patients with AIDS [2]. On the other hand, C. gatfii causes predominantly a primary
infection in immunocompetent individuals, previously associated with tropical and subtropical
climates, but now gaining prominence as an important cause of human and veterinary disease
in temperate regions of North America [3-7].

Molecular epidemiological studies have identified eight major molecular types within the
Cryptococcus neoformans/C. gattii species complex. C. neoformans is classified into the major
molecular types VNI/AFLP1 and VNII/AFLP1A and AFLP1B (serotype A), VNIII/AFLP3
(serotype AD), and VNIV/AFLP2 (serotype D), while C. gattii correspond to VGI/AFLP4,
VGII/AFLP6, VGIII/AFLP5, and VGIV/AFLP7, all corresponding to serotypes B and/or C [8].
In addition there are inter-specific serotype BD or AB hybrids, corresponding to AFLP8 and
AFLPY, respectively [9,10]. To globally standardize genotyping of the C. neoformans/C. gattii
species complex, a MLST scheme was established by the ISHAM working group “Genotyping
C. neoformans and C. gattii” based on variable regions of seven independent genetic loci:
CAP59, GPD1, LACI, PLBI, SODI1, URA5 and the IGS1 region, taking advantage of the high
discriminatory power and good reproducibility between different laboratories [8]. The allele
(AT) and sequence types (ST) of the ISHAM consensus MLST scheme can be determined via
the web page at http://mlst. mycologylab.org/.

Cryptococcosis by C. gattii in Brazil is endemic and shows a regional pattern, being more
common in the North (N) and Northeast (NE) of the country [11]. One hundred thirty four
(134) cases have been diagnosed in the Amazon region, including the states of Para and Ama-
zonas [12-15]. In these states, as well as in other states of the N and NE regions (Roraima, Ma-
ranhdo and Piaui), noteworthy was the emergence of cryptococcosis in immunocompetent
(HIV-negative) children in about one fifth of the reported cases [12, 15-16], suggesting that

natural infection occurs early in life. The dynamics of natural infections by C. gattii in these re-
gions is not well known and requires more specific environmental studies to detect possible
outbreaks. Indeed, environmental sources related to trees colonized by the agents of cryptococ-
cosis have been described in Roraima [17], Para [18] and Piaui [19] states.

Pioneering studies of cryptococcosis in AIDS in Central Africa and Brazil demonstrated the
risk of those patients to acquire cryptococcosis from indoor dust [20, 21]. The current study in-
vestigated the presence of C. neoformans and C. gattii in dwellings of the hinterland of the Bra-
zilian Amazon, and characterized the molecular subtypes and mating types of the
obtained isolates.

Methods
Studied Region

The study was conducted in the city of Santa Isabel do Rio Negro, Amazonas state, located 620
km straight or 772 km by waterway away from Manaus, the capital of the Amazonas state, and
about 1,000 km far from the Atlantic Ocean coast of the Brazilian Northern region (Fig. 1).
The municipality of this city has the following characteristics: land area of 63,127 km?, tropical
rainforest climate, rainy and humid; maximum temperature 32.6°C, minimum 21.5°C; altitude:
21m above sea level; Cartesian coordinates: 0° 28’ south latitude and 65° 32/ longitude west of
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Fig 1. Sampling locations in the city of Santa Isabel do Rio Negro (circles) with the 3 positive houses (dark circles), DW650, SI-444 and SI-443 with
the respective sequence types (ST) identified amongst the samples, and location of Santa Isabel do Rio Negro in the Amazonas state, Northern
Brazil. The maps were adapted from Bing Maps to reflect the specific study site situation.

doi:10.1371/journal.pone.0115866.g001

Greenwich. The city settlement occurred approximately one hundred years ago and the popu-
lation reaches 19,292 inhabitants [22], with the majority of them living in wooden houses. The
research was conducted in an urban area (coordinates 65W 01’ 08”- 0S 24’ 517), so special per-
mission from authorities was not required. However, the study had the approval of the Munici-
pal Health Department of the city, as well as prior ethical approval in the context of the project
“Study of the health conditions of the municipality of Santa Isabel do Rio Negro” (Oswaldo
Cruz Foundation Ethical Research Committee, Rio de Janeiro, Brazil, reference n°® CAAE
0011.0.009.000-03).

Sampling and Cryptococcal isolation

Dust samples were collected from 51 houses randomly chosen in different neighborhoods of
the city of Santa Isabel do Rio Negro, to investigate the presence of the agents of cryptococcosis,
C. neoformans and C. gattii. One sample per house was obtained combining dust from all
rooms swept with a different broom per house to prevent cross contamination between houses,
and the material was stored in sterile plastic bags (Nasco/WHIRL-PARK). The location of the
selected households was obtained using a GPS (Garmin Etrex H). Cryptococcal cells were iso-
lated as described previously [21, 23]. Briefly, 1g of each dust sample was suspended in 50 ml
NaCl 0.9% with 0.2 g of chloramphenicol, followed by manual shaking for 5 minutes. After
resting 30 minutes, 1 ml of the supernatant was plated onto 10 Niger Seed Agar (NSA) plates
(0.1 ml each) [24]. The plates were then incubated at 25°C and checked daily for brown colo-
nies for 5 days. Each phenol oxidase-positive/brown colony was sub-cultured individually on
NSA medium for phenotypical and molecular characterization. The isolates were preserved in
skim milk at -20°C and in glycerol at -70°C and deposited in the Culture Collection of Patho-
genic Fungi (CFP) of the Mycology Laboratory, IPEC/FIOCRUZ. The limit for the detection of
phenol oxidase-positive colonies was 50 CFU per gram of sample.
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Phenotypic Identification

Brown colonies were purified and tested for urease production on Christensen urea agar [25],
and for carbon and nitrogen compound assimilation using VITEK 2-BioMerieux System
(VITEK 2, ICB, bioMerieux, Durham, USA). The species C. neoformans and C. gattii were dif-
ferentiated on canavanine-glycine-bromothymol blue (CGB) medium [26].

Identification of the Major Molecular Types

After DNA extraction [27], the major molecular types of all studied isolates were identified by
URAS5-RFLP analysis [28]. Amplification of the URA5 gene was performed in a final volume of
50 L. Each reaction contained 50 ng of DNA, 1X PCR buffer (200 mM Tris-HCI (pH 8.4), 500
mM KCl—Invitrogen), 0.2 mM each of dATP, dCTP, dGTP, and dTTP (Invitrogen), 2 mM
magnesium cloride, 1.5 U Taq DNA polymerase (Invitrogen), and 50 ng of each primer URA5
(5" ATGTCCTCCCAAGCCCTCGACTCCG 3’) and SJ01 (5 TTAAGACCTCTGAACACCG-
TACTC 3’). PCR was performed for 35 cycles in a Eppendorf gradient mastercycler (Hamburg,
Germany), using the following cycling conditions: 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. PCR products were double digested with Sau96I (10
U/pL) and Hhal (20 U/yl) for 3 h, and the DNA fragments were separated via 3% agarose gel
electrophoresis at 100 V. URA5-RFLP patterns were assigned visually by comparing them with
the patterns obtained from the standard strains WM 148 (VNI/AFLP1), WM 626 (VNII/
AFLP1A), WM 628 (VNIII/AFLP2), WM 629 (VNIV/AELP3), WM 179 (VGI/AFLP4), WM
178 (VGI/AFLP6), WM 175 (VGIII/AFLP5), and WM 779 (VGIV/AFLP7).

Mating Type identification

The mating type was identified by PCR using specific primers for the pheromone genes: MFal-
faU (5 TTCACTGCCATCTTCACCACC 3°); MFalfaL (5 TCTAGGCGATGACACAAAGGG
3’) for mating type alpha (MATalpha) and JOHE9787 (5° ACACCGCCTGTTACAATGGAC
3’); JOHE9788 (5 CAGCGTTTGAAGATGGACTTT 3°) for mating type a (MATa) [3]. Am-
plification of both genes was performed independently in a final volume of 50uL containing 50
ng of DNA, 1X PCR buffer [200 mM Tris-HCI (pH 8.4), 500 mM KCl—Invitrogen], 0.2 mM
each of dATP, dCTP, dGTP, and dTTP (Invitrogen), 2 mM magnesium cloride, 2.5 U Taq
DNA polymerase (Invitrogen), and 50 ng of each primer, in a Eppendorf gradient mastercycler
(Hamburg, Germany), using the following cycling conditions: 95°C for 3-min initial denatur-
ation, 30 cycles at 94°C for 1 min, annealing at 57.5°C for 1 min, extension at 72°C for 1 min,
and a final extension at 72°C for 7 min. The unique fragment corresponding to each mating
type was visualized after 3% agarose gel electrophoresis at 100 V.

MultiLocus Sequence Typing (MLST)

Sub-typing and molecular polymorphism analysis were performed according to the ISHAM
consensus multi-locus sequence typing scheme for C. neoformans and C. gattii [8] including
seven unlinked genetic loci, the genes: CAP59, GPDI, LACI, PLB1, SODI, URAS5 and the IGS1
region. All 7 loci were amplified as previously described [8]. The sequences were manually ed-
ited using the software Sequencher 4.10.1 (Gene Codes Corporation, MI, USA), and the allele
types (AT) and the combined sequence types (ST) were identified via the MLST webpage
http://mlst.mycologylab.org/. The corrected sequences were aligned using the program MEGA
version 5 [29]. An un-rooted Neighbor-Joining tree was constructed from the combined loci of
all environmental isolates studied using the program MEGA version 5. The genetic distance
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between isolates was computed using the p-distance, and all positions containing alignment
gaps were eliminated in the pairwise sequence comparisons. Bootstrap analysis using 1000 rep-
licates was used to estimate support for clades of the concatenated dataset. The haplotype di-
versity (Hd) was calculated using DnaSP v5.10 (http://www.ub.edu/dnasp/). Novel genotypes
have been submitted to C. gattii MLST database (http://mlst.mycologylab.org/).

Results

Fifty one dust samples were obtained from randomly chosen houses in 9 neighborhoods of the
city Santa Isabel do Rio Negro, of which three were positive for C. gattii (Fig. 1, Table 1). The
sample SI-443 accounted for 2.500 CFU/g of dark brown colonies, SI-444 for 50 CFU/g and
DW-650 exhibited uncountable number of colonies, with an estimated concentration of
>50.000 CFU/g. A total of 144 dark brown colonies from the 3 positive houses grown on bird-
seed agar were isolated and identified as C. gattii molecular type VGII. From those, 45 isolates
were randomly selected for further characterization of the mating type and MLST analysis, in-
cluding the single colony from sample SI-444, 14 colonies from sample SI-443, and 30 colonies
from sample DW-650. Mating type analysis demonstrated 44 isolates were MATalpha, and
one isolate from sample SI-443 was identified as MATa (Table 1).

Discussion

Publications on the presence of agents of cryptococcosis in indoor dust are scarce. Two studies,
originated from index-cases of aids-associated cryptococcosis in South America and Africa,
showed similar results: in Rio de Janeiro, southeast of Brazil, the investigation of 77 dwellings
revealed the isolation of C. neoformans from domestic dust in 11 (14.3%) [21], and some years

earlier in Bujumbura, Burundi, C. neoformans was isolated from domestic dust in 13 (54%) out
of 24 dwellings studied [30]. The principal factor associated with domiciliary contamination by
C. neoformans in these studies was the presence of avians in the domestic environment or near-
by the homes. The present study has no index-case and revealed the exclusive occurrence of C.
gattii VGII in indoor dust obtained from dwellings in a remote human settlement formed in
the heart of the Amazon rainforest in Brazil. A significant positivity, of 5.9%, in indoor dust
samples was observed, thus suggesting daily human exposure to these potential disease agents
inside those houses. On the contrary to previous reports, no domestic or caged birds were ob-
served in the present study. The houses in Santa Isabel do Rio Negro are rustic, most of them
built with planks of wood obtained from the extraction of native species of trees in the sur-
rounding rainforest, especially the Brazil nut tree.

There is much evidence that C. gattii VGII is widely distributed in Amazonia, e.g. this geno-
type has been isolated from several species of trees from Brazil and Colombia [31]. Previous
findings in anthropic ecosystems in Brazil suggest that members of the Cryptococcus neofor-
mans/C. gattii species complex are not associated with a particular tree, but with a specialized
niche resulting from the natural biodegradation of wood [32]. Moreover, the isolation of C. gat-
tii, strain LMMG645, by Fortes et al. 2001 from a native jungle tree (Guettarda acreana) on a
wild island of the Amazon rainforest, suggests that wild tropical forests may harbour primary
sources of this agent. This was recently again emphasised by a global study pointing to the
same environmental isolate, LMM645, suggesting an ancient dispersal of the human fungal
pathogen C. gattii from the Amazon rainforest [33]. Lazéra et al. in 1996 suggested already that
hollows of living trees may provide environments that are sheltered, damp and probably less
exposed to changes in climatic conditions, offering more suitable conditions for the survival,
adaptation and reproduction of C. gattii [23]. Likely, the wooden houses in Santa Isabel do Rio
Negro also may provide comparable conditions for cryptococcal propagules coming from
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Table 1. List of isolates used in the study from the positive house samples according to the phenotypic identification (NSA, Urea and CGB) and
molecular characterization (URA5-RFLP type, Mating type and MLST type).

Positive house Strain NSA Urea CGB URA5-RFLP Mating Type MLST Type
DW650 CFP352 + + + VGllb alpha ST7
CFP353 + + + VGl alpha ST5
CFP354 + + + VGll alpha ST264
CFP355 + + + \elll alpha ST264
CFP356 + + + VGllb alpha ST7
CFP380 + + + \elll alpha ST264
CFP381 + + + VGllb alpha ST7
CFP382 + + + VGllb alpha ST7
CFP383 + + + VGllb alpha ST7
CFP384 + + + VGllb alpha ST7
CFP385 + + + VGllb alpha ST7
CFP387 + + + VGilb alpha ST7
CFP388 + + + VGll alpha ST265
CFP389 + + + VGilb alpha ST7
CFP390 + + + VGllb alpha ST7
CFP391 + + + VGilb alpha ST7
CFP392 + + + VGllb alpha ST7
CFP393 + + + VGllb alpha ST7
CFP394 + + + VGllb alpha ST7
CFP395 + + + VGl alpha ST264
CFP396 + + + VGllb alpha ST7
CFP397 + + + VGl alpha ST5
CFP398 + + + VGilib alpha ST7
CFP399 + + + VGilb alpha ST7
CFP400 + + + VGilib alpha ST7
CFP401 + + + VGllb alpha ST7
CFP402 + + + VGillb alpha ST7
CFP403 + + + VGl alpha ST264
CFP404 + + + VGl alpha ST264
CFP405 + + + VGilb alpha ST7
S1443 CFP409 + + + VGl alpha ST266
CFP406 + + + VGlla alpha ST20
CFP407 + + + VGlla alpha ST20
CFP408 + + + VGlla alpha ST20
CFP410 + + + VGl a ST268
CFP411 + + + VGlla alpha ST20
CFP412 + + + VGlla alpha ST20
CFP413 + + + VGlla alpha ST20
CFP414 + + + VGlla alpha ST20
CFP415 + + + VGlla alpha ST20
CFP416 + + + VGlla alpha ST20
CFP417 + + + \elll alpha ST267
CFP418 + + + VGlla alpha ST20
CFP419 + + + VGlla alpha ST20
(Continued)
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Table 1. (Continued)

Positive house Strain NSA Urea CGB URA5-RFLP Mating Type MLST Type
S444 CFP420 + + + VGlib alpha ST7

MLST analysis revealed a total of 8 sequence types among the 45 VGII environmental isolates (Fig. 2, Table 1), and the DNA polymorphism analysis
showed extensive haplotype diversity (Hy = 0.695). The most common sequence type was ST7 (VGIIb), representing 48.9% of the isolates (n = 22)
analyzed. The second most common was ST20 (VGlla), representing 24.5% of the studied isolates (n = 11). The ST264 is exclusive for Brazil and
represented 13.3% of the isolates (n = 6). ST5 was identified in 2 isolates. The sequence types ST265, ST266, ST267 and ST268 were unique to this
region and to Brazil and represented by one isolate each (2.2%). The MLST data have been deposited in the International MLST database for C.
neoformans and C. gattii, and the corresponding sequences can be obtained in the webpage http://mlst.mycologylab.org/.

doi:10.1371/journal.pone.0115866.1001

sources of C. gattii VGII in the native rainforest, thus forming a microfocus in
human dwellings.

Studies on the population structure of the Cryptococcus neoformans/C. gattii species com-
plex can help the understanding of the geographic expansion and the reproductive strategies of
VGII adapted to human dwellings in the Amazon rainforest. The present study revealed an un-
expected high genetic diversity amongst the obtained VGII isolates, with eight MLST sequence
types (ST20 (= VGlIa), ST7 (= VGIIb), ST5, ST264, ST265, ST266, ST267, and ST268) being
present amongst 45 environmental strains from three houses, compared with Australia where
only 6 MLST sequence types (ST20 (VGlla), ST7 (VGIIb), ST5, ST21, ST33, ST38, and ST48)
were found amongst 54 clinical, veterinary and environmental isolates from the entire Austra-
lian continent [34], and in the USA, where only 7 MLST sequence types, including VGIIa
(§T20), VGIIb (ST7) and VGIIc (ST6) were present amongst 212 clinical and veterinary iso-
lates, with most of them originating from the Pacific Northwest [7]. Both studies revealed the
presence of a predominant clonal structure amongst most of the VGII populations in Australia
and the USA.

The haplotype diversity has till now only been described for C. neoformans, where it ranged
from 0.20 in Asia, 0.40 in South America, 0.46 in Italy, 0.75 in North America and 0.79 in Af-
rica [35]. Concerning C. gattii, no previous similar analysis has been reported. The VGII haplo-
type diversity index observed in the present study (HD = 0.695) is impressive, and was based
on the analysis of all the seven studied MLST loci, amongst all 45 investigated strains, suggest-
ing a high genetic diversity, especially when considering the very restricted area studied (4
km?). The major genotype found in Santa Isabel do Rio Negro, ST7 (= VGIIb), is also the most
common one found around the world especially in Australia, Thailand, and caused the minori-
ty of the Vancouver Island outbreak in British Columbia, Canada and the Pacific Northwest of
the USA (PNW) [4-6, 33,34]. The sequence type ST5, first identified in Australia, was also
found in one dwelling (DW650) closely related to ST7 (= VGIIb) and two other new subtypes
(ST264, ST265).

In the positive house SI443, approximately 1 km away from the house DW650, the occur-
rence and distribution of the identified subtypes was totally different. Here the sequence type
ST20 (= VGlIa) was predominant, which corresponds to the main agent of the Vancouver Is-
land and Pacific Northwest outbreaks [4,6]. In the same house this sequence type was associat-
ed to three more new subtypes (§1266, ST267, ST268). On the other hand, the house SI444,
located very close to the house S1443, showed only a single sequence type, ST7 (= VGIIb),
which is the same as the one found in the house DW650, located 1km away. The different dis-
tribution of subtypes amongst the houses cannot be explained only by mechanical dispersal
factors, such as air flow, small animals, wood debris or by shoes. Probably the contamination
of the houses by cryptococcal propagules was a past event and most likely resulted from the
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Fig 2. Unrooted neighbor-joining tree inferred from the combined MLST sequences of CAP59, GPD1,
LAC1,SOD1,URAS5, PLB1 genes and the IGS1 region of the 45 strains investigated in this study
obtained with the program MEGA version 5. Numbers above the branches are nucleotides differences and
below the branches are bootstrap values obtained from 1,000 pseudoreplicates. Sequence types in bold are
unique to Brazil.

doi:10.1371/journal.pone.0115866.9002
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forest wood of which the houses were constructed. This initiated the process of adaptation of
selected strains inside the houses, where they undergo reproduction. The predominance of se-
quence type ST7 (= VGIIb) in one of the houses, with more than 50,000 CFUs, and only
MATalpha suggests an overwhelming clonal, mitotic reproduction mode. On the other hand,
the house with the lower density of cryptococcal propagules (2.500 CFU/g), in which both mat-
ing types, MATalpha and MATa, were identi fied, suggest a possible event of alpha-a recombi-
nation in nature, Further analysis of dwellings in other areas of the Amazon region, as well as
in the same area should allow for a better understanding of the dynamics of the colonization
and possible changes in the population structure of C. gatti VGIL

Our resulls emphasise that indoor exposure risks to the subtypes of VGIT must be consid-
ered as a possible infection source, although in the current study no evidence of a disease out-
break, based on the dataavailable, has been observed amongst the residents of Santa Isabel do
Rio Negro. Suboptimal diagnosis of cryptococcosis and the absence of surveillance may con-
tribute to the underreporting of eryptococcosis. On the other hand, the frequent exposure to C.
gattii propagules may lead w subclinical infection with regressive pulmonary lesions and ac-
quired natural immunity to eryplococeal infection, warranting a detailed clinical surveillance
in the region. Evidence for a direct impact of continuous exposure to infectious propagules
from VGII strains in domestic environment is given by the previous reports of a high propor-
tion of eryptococcosis cases due w C. gattif VGIT in the Amazon region of Brazil, in HIV nega-
tive children [13, 15].

Ower the past two decades, several eryptococcal outbreaks have oceurred, including the
high-profile ‘Vancouver Island’ and ‘Pacific Northwest’ outbreaks, caused by C. gattii VGII,
which have affected hundreds of otherwise healthy humans and animals [3-7]. To understand
the origins of those outbreaks a number of studies have been performed. Fraser et al. (2005)
initially suggested same-sex mating between to MAT alpha strains involving alow virulent
Australian strain (genotype ST7 (= VGIIb) leading to the raise of the high virulent ST20 (=
VGIla) genolype strains and the expansion of the ecological niche of this species. Later studies
showed a high genetic diversity among strains from the Amazon rainforest and the possible oc-
currence of mating between strains of op posite mating types as the source of a global dispersal
of this species [33].

In conclusion, the herein described results provide evidence for the later perspective and
showed clearly the presence of two different ways of propagation, clonal and recombination,
which can lead to the establishment of environmental populations present in indoor dust in
urban houses within remote settlements in the Amazon rainforest. These yeast populations are
most likely associated with the original sources of the building materials obtained from the sur-
rounding forests. The current study established the basis for future studies investigating the im-
pact of early and continuous exposure 1o the development of infections and the prevalence of
subclinical and clinical infections amongst the inhabitants of houses colonized by C. gattii
VGIL
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Abstract

Cryptococcosis is a human fungal infection of significant mortality and morbidity, especially when causing meningoencephalitis. The agents of cryptococcosis, C.
neoformans and C. gattii, are found worldwide, and can be classified into eight major molecular types: VNI-VNIV and VGI-VGIV, respectively. Primary
cryptococcosis caused by molecular type VGII (serotype B, MATalpha) prevails in immunocompetent patients in the North and Northeast of Brazil, revealing an
endemic regional pattern. Since 1999, C. gattii VGII has been involved in an ongoing outbreak in Vancouver, Canada, which expanded subsequently into the
Northwest of the United States, two temperate regions. Exposure to infectious propagules (desiccated yeasts or basidiospores), dispersed in the environment,
related to various organic substrates, mainly decomposing wood in and around dwellings, initiates the infection process. The present study aimed to investigate
the presence of the agents of cryptococcosis in dust from dwellings in the upper Rio Negro, in the municipality of Santa Isabel do Rio Negro, in the Brazilian state
Amazonas. Indoor dust was collected from 51 houses, diluted and plated on bird-seed agar. Dark brown colonies were identified phenotypically and genotypically
by URA5 restriction fragment length polymorphism analysis and multilocus sequence typing (MLST). The mating type was identified using pheromone-specific
primers. Three of the 51 houses were positive for C. gattii molecular type VGII, MATo and MATa, showing a high prevalence of this agent. MLST studies
identified eight subtypes, VGIIb (ST7), VGIIa (ST20), (ST5) and 5 new subtypes unique to the region. For the first time in the state of Amazonas, C. gattii VGIT
MATa and MATa were isolated from the environment, indicating Cryptococcus is endemic in this state. This is the first description of MLST subtypes on
environmental isolates in the Brazilian Amazon, indicating domiciliary dust as a potential source for human infection with different subtypes of C. gattii VGII
MATa and MATa.

PMID: 25688971

Supplement:

Cryptococcosis is an important infectious disease globally and, as an AIDS-associated disease, is the leading cause of death along with tuberculosis. Inhalation of
airborne cryptocoed initiates pulmonary infection, which may be asymptomatic or subclinical, unspecific and almost always regressive or may spread to other
organs mainly the central nervous system (CNS) and cause meningitis. Disease is caused by the two sibling species Cryptococeus neoformans (molecular types
VNI-VNIV) and Cryptococeus gattii (molecular types VGI-VGIV). The agents of eryptococcosis are found in decaying wood, trees, bird excreta, soil, water; and
air. Exposure to those exogenous sources can lead to colonization and subsequent infection of humans and animals. Infection due to C. neoformans is distributed
worldwide and attains mainly immunosuppressed hosts. Fatal infections like meningoencephalitis in apparently immunocompetent hosts are mostly caused by C.
gattii, which has progressively expanded its natural range from tropical to temperate areas around the world, showing a great potential to generate outbreaks due
to different virulent variants. Both species are endemic in the North and Northeastern Brazil, as indicated by the high numbers of infected children and
adolescents (20 up to 30 %), which suggest early infection in native hosts (1).
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Figure 1. (1a) Wooden houses in Santa Isabel do Rio Negro from which C. gattiiwas collected. (1b) Sample collection from wooden electricity poles

in the same locality from which C. gattii and C. neoformans have been isolated.

We hypothesize humans are exposed daily to the infectious propagules in the Brazilian Amazon region. To demonstrate this, we conducted an
environmental study analyzing indoor dust from the houses (Figure 1a) of inhabitants and wooden electricity poles (Figure 1b) of the city Santa Isabel of Rio
Negro, located in the upper Rio Negro river in the Amazonas state, Brazil. Indoor dust was collected from 51 typical wooden houses. Three (5.9%) houses were
positive, yielding uncountable colonies of C. gattii molecular type VGII (Figure 2). From the obtained colonies, 45 were selected for further molecular analysis.
Surprisingly eight MLST subtypes of VGII (ST, ST7, ST20, ST264, ST265, ST266, ST267 and ST268) were identified in the small area studied (approximately 5
km? in Amazonia), the highest genetic diversity described to date in environmental studies worldwide (2). The diversity of C. gattii VGII found inside the wooden
houses in a countryside town in the amazon is an important finding since it may point to a much broader impact on human health, considering the human
occupation with the construction of rustic wooden houses in recently deforested areas in the last decades. Interestingly around the positive houses, all the native
trees have been cut down during and after the settlement. Later on trunks of native trees were used as wooden poles throughout the city to support the electric
wires. From 10 wooden poles, 2 decomposing wood samples were positive for the agents of cryptococcosis, molecular types VGII (C. gattii) and VNI (C.
neoformans). Our findings show that the residents of Santa Isabel do Rio Negro live daily with the presence of the agents of cryptococcosis, C. gattii VGII or C.
neoformans VNI We believe that the same happens in other cities with a similar occupation profile throughout Amazonia. Both species responsible for
cryptococeosis seem to be well adapted to environmental conditions found in Amazonia, which is drastically transformed by human environmental intervention,
exposing people to potential pathogens. Destroyed environments lead to the loss of microbial biodiversity and new competition, favoring overgrowth of the more
adapted species. In this specific case, C. gattii and C. neoformans, being wood decomposers, are very well adapted to environmental conditions in the villages,
which are basically built with woods from the rainforest. A study in the wild tropical forest without anthropic action in Amazonia demonstrated the presence of C.
gattii inhabiting a Guettarda tree, suggesting the original ecological niche of the species (3). In urban areas, the prevalence of both species is much higher,
increasing the potential risk of human exposure to those pathogens. Due to their proximity to human dwellings, it is highly possible that a phase transition and
adaptation of these agents may occur in the wooden electricity poles, thus allowing a secondary dispersion to the home environments and, as such, they function
as true biological corridors. Interestingly, some of the in Santa Isabel do Rio Negro identified subtypes (ST7 (VGIIb), ST20 (VGIIa)) are also responsible for the
ongoing outbreak in the Pacific Northwest (Canada and United States) (4, 5). Recent studies of coalescence gene genealogy and whole genome analysis on the
origin of the geographically expanding C. gattii VGII population have demonstrate that these outbreak strains have arisen from a highly-recombining C. gattii

population in the pristine environment of the native rainforest of Northern Brazil (4, 5).
The importance of this study.

This study, for the first time, found VGIIa and VGIIb in the state of Amazonas, where they were isolated from the environment, specifically from indoor dust
collected in homes and, from debris isolated from wooden electricity poles (VGII and VNI) in the town of Santa Isabel do Rio Negro, located in deforested areas of
the Amazon rainforest at the Rio Negro banks. The types of houses and the wooden poles of the city, with a predominance of wooden structures, are related to the
generation of suitable substrates for recombination and expansion of the agents of cryptococcosis. Inhabitants should be informed about the risks associated with
the use of untreated wood as construction material. Decomposed wood in and around the homes should be replaced with new pre-treated ones, as a simple
measure that can prevent the spread of this fungus in the environment and future outbreaks in the region.
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Figure 2. Dust indoor sample DW-650 after 48 h incubation at 25 °C plated on bird-seed agar, which resulted in uncountable dark brown colonies
(suspected colonies of Cryptococcus spp.).
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Abstract

Cryptococcal infection is acquired by exposure to exogenous sources. The
understanding of the dynamics and adaptation of the agents reservoirs, identification of
how the infection is acquired by humans, and what are the means to avoid or reduce its
risks of infection, are of fundamental interest. A number of studies have found high
levels of emerging contaminants in indoor dust worldwide, but those studies usually
identify the fungal agent only at genus level, missing the opportunity to detect
pathogenic species/strains. The present study analyzed the frequency, genetic diversity
and virulence of the agents of cryptococcosis isolated from indoor dust in a micro-
region of the Brazilian Amazon. We found 8.9% of the studied houses positive for C.
gattii and C. neoformans, revealing an endemic pattern and fungal adaptation to
domestic microenvironments. Sixteen C. gattii VGII and nine C. neoformans VNI
isolates were genotyped using the ISHAM consensus MLST scheme for the C.
neoformans/C. gattii species complexes. The most common C. gattii subtypes were ST7
(Vancouver Island Outbreak subtype VGIIb) and ST20 (Vancouver Island Outbreak
subtype VGlla), ST5, found in Australia, and ST264, ST265, ST266, ST267, ST268,
ST445, unique to this region, were also identified. Amongst the nine C. neoformans
(VNI) isolates ST93 and ST5 were identified, showing a clonal population. Comparison
of the degree of virulence using the Galleria mellonella model showed that five
subtypes of C. gattii VGII and one subtype of C. neoformans VNI, presented a similar
pathogenic potential to CDR265 (VGlla) from Vancouver Island, Canada. This study
showed that humans are frequently exposed to virulent agents of cryptococcosis in
house dust, with the main subtypes described worldwide being highly present in the Rio

Negro micro-region of the Brazilian Amazon. Future studies are necessary to analyze

52



the impact of early and continuous exposure to dust indoor to the development of
subclinical or clinical infections amongst the inhabitants of those houses.

1. Introduction

Cryptococcosis is a potentially fatal respiratory and neurological mycoses affecting
humans and animals worldwide. The disease is caused by two pathogenic members of
the genus Cryptococcus, the Cryptococcus neoformans species complex and the C.
gattii species complex (Kwon-Chung et al.,, 2017). Cryptococcosis caused by C.
neoformans is cosmopolitan, attaining mainly immunocompromised individuals,
especially HIV-infected patients, with an estimation of 223,000 new cases of
cryptococcal meningitis each year in this group of patients (Rajasingham et al., 2017).
On the other hand, C. gattii, which was previously associated with tropical and
subtropical climates, causes predominantly a primary infection in immunocompetent
individuals. It is to notice that endemic cryptococcosis by C. gattii shows a regional
pattern in Brazil, being more common in the North (N) and Northeast (NE) of the
country, where cryptococcosis occurs mainly as isolated cases in immunocompetent
hosts, including children and young adults (Trilles et al., 2008). From 1999 to 2015, 393
cases of cryptococcosis were reported in British Columbia, Canada, and currently,
Vancouver Island has one of the highest annual incidences of C. gattii infections among
humans in the world, making this region an important temperate endemic area of human
and veterinary cases of the disease (Phillips et al., 2015).

Cryptococcosis is acquired by inhalation of cryptococcal propagules (desiccated
yeasts cells or basidiospores) from the environment (Kwon-Chung et al., 2014). As
such, the search for the ecological niche of the agents of cryptococcosis is a challenge,
even though some studies have shown the presence of the yeasts in different

environmental sources (Litvintseva et al., 2005). However, while C. neoformans can
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readily be isolated from pigeon guano and has been shown to grow and mate on
medium containing this substrate (Sorrell et al., 1996), C. gattii has not been isolated
from pigeon excreta, but C.neoformans and mainly C. gattii have instead been
recovered from various tree species (Lazera et al., 2000).

Pioneering studies on cryptococcosis in AIDS patients in Central Africa and
Brazil demonstrated the risk of these patients to acquire cryptococcosis from indoor
dust (Passoni et al., 1998; Swinne et al., 1989). The first study describing the presence
of C. neoformans and C. gattii in dwellings of the hinterland of the Brazilian Amazon,
identified the genotypes ST7/VGIIb and ST20/VGlla, which have been involved as
causative agents of outbreaks elsewhere. Residents of Santa Isabel do Rio Negro city
who live in wooden houses could be daily exposed to the agents of cryptococcosis,
which could also be happening in other cities with similar living styles in the Amazon
region (Brito-Santos et al., 2015). The present study in the micro-region Rio Negro,
which is composed of four municipalities in the Amazon region in Brazil, analyzes the
frequency, genetic diversity and virulence traits of the agents of cryptococcosis isolated

from indoor dust.

2. Methods

2.1 Studied region - The study was conducted in the micro-region Rio Negro in the
Brazilian Amazon, which is composed of four municipalities, Barcelos, Novo Airéo,
Santa Isabel do Rio Negro and S&o Gabriel da Cachoeira (Figure 1). The Rio Negro is
the largest left tributary of the Amazon River and largest blackwater river in the world,
which runs crosses all those cities on the way to the capital of the Amazonas state,
Manaus. This micro-region has a population of 110,602 inhabitants and an area of

332,278.183 km?2 according to the last Brazilian census. From the four cities in the Rio

54



Negro micro-region, three were included in this study, Santa Isabel, Barcelos, and Novo
Airdo. The area encompasses the tropical rainforest climate, with a maximum
temperature of 32.6°C, and a minimum temperature of 21.5°C, and is located 21-40 m
above the sea level. The cities settlement occurred approximately one hundred years ago
and the majority of the population lives in houses of wood or wood with masonry
(Source: IBGE 2017).

2.2 Sampling and isolation of cryptococcal strains — Indoor dust was collected from
houses in the three municipalities in different neighborhoods of each city, to investigate
the presence of C. neoformans and C. gattii. After sweeping the house with a broom
from each residence, one sample per household was obtained. The study had the
approval of each City Health Department, as well as ethical approval by the National
Institute of Infectology Ethical Research Committee, Rio de Janeiro, Brazil (Reference
N° CAAE 23238913.3.0000.5262). Seventy-nine samples of indoor dust were obtained
from the three municipalities of the micro-region of Rio Negro, 51 from Santa Isabel do
Rio Negro, 12 from Barcelos and 16 from Novo Airdo. Cryptococcal isolates were
recovered as described previously (Lazera et al., 1996; Passoni et al., 1998). Briefly, 1 g
of each dust sample was suspended in 50 ml NaCl 0.9% with 0.2 g of chloramphenicol,
followed by manual shaking for 5 minutes. After resting 30 minutes, 1 ml of the
supernatant was plated onto 10 Niger seed agar (NSA) plates (0.1 ml each). The plates
were then incubated at 25°C and checked daily during 5 days for growth of brown
colonies. Phenol oxidase-positive or brown colonies were sub-cultivated for phenotypic
and molecular identification. The limit for the detection of phenol oxidase-positive
colonies was 50 CFU per gram of sample.

2.3 Phenotypic identification - Brown colonies were recovered and tested for urease

production on Christensen urea agar and for carbon and nitrogen compound assimilation
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using VITEK 2-BioMerieux System (VITEK 2, ICB, bioMerieux, Durham, USA). The
species C. neoformans and C. gattii were distinguished on canavanine-glycine-
bromothymol blue (CGB) medium (Brito-Santos et al., 2015).

2.4 Molecular characterization - After DNA extraction (Ferrer et al., 2001), the mating
type was determined by PCR using specific primers for the pheromone genes as
described previously (Chaturvedi et al., 2000). Genotyping was performed according to
the ISHAM consensus multilocus sequence typing (MLST) scheme for the C.
neoformans/C. gattii species complexes, including seven unlinked genetic loci, which
are the genes: CAP59, GPD1, LAC1, PLB1, SOD1, URA5, and the IGS1 region (Meyer
et al., 2009). The sequences were manually edited using the software Sequencher 5.3
(Gene Codes Corporation, MI, USA), and the allele types (AT) and the combined
sequence  types (ST) were identified via the MLST  webpage

(http://mlist.mycologylab.org/), and the new ATs and STs were deposited to the online

MLST database.

2.5 Phylogenetic analyses — The genetic relationships of the 7 concatenate MLST loci
were shown using the software Splitstreed4 v. 4.14.5 (http://www.splitstree.org/).
Unrooted phylogenetic network analysis using the Neighbor-net algorithm was
performed for comparison of the subtypes (STs) identified in this study with 42 STs
identified in different countries previously published (Souto et al., 2016).

2.6 Galleria mellonella model — Larvae of the moth G. mellonella were used to
evaluate the virulence of selected cryptococcal isolates recovered in this study. Larvae
were obtained after the oviposition of adult moths reared and preserved at 26°C and
60% relative humidity in the insectarium of the Westmead Hospital Animal Care
Facility, Sydney, Australia. Ten larvae of similar size (about 3 g each) were selected,

placed in a 90 mm plastic Petri dishes, weighed, and used for inoculation. Before
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inoculation, each fungal strain was grown on Sabouraud agar for 48 h at 27°C. After
cell counting using a Neubauer Chamber, an inoculum of 108 yeast cells/ml was
prepared in phosphate buffered saline (PBS), from which 10 pl were inoculated into the
hemocoel of each larva by injection into the last left pro-leg, using a 50U insulin
syringe with a 29-gauge needle. To monitor potential effects on survival due to physical
injury, a group of 10 larvae was also inoculated with PBS, while another 10 larvae were
not inoculated as a non-infected control. Two groups of larvae, inoculated separately
with the well-characterized highly virulent strains C. neoformans H99 and C. gattii
CDCR265, were included, as reference to determine the degree of virulence of the
isolates. After injection, the larvae were incubated in Petri dishes at 37°C for 10 days
and checked daily for any mortality (Firacative et al., 2014).

2.7 Statistical analysis — Per strain, survival curves were graphed, median survival
times were calculated and the estimation of differences in survival was analyzed by the
Log-rank (Mantel-Cox) test. Median survival times were not determined (ND) when

more than five larvae (50%) were alive at the end of the experiment.

3. Results

From the 79 samples obtained, seven (8.9%) were positive for the agents of
cryptococcosis, 3 from Santa Isabel do Rio Negro, 2 from Barcelos and 2 from Novo
Airdo (Supplementary Table 1).

From the positive samples, 16 C. gattii VGII and nine C. neoformans VNI
isolates were genotyped using the ISHAM consensus MLST scheme for the C.
neoformans/C. gattii species complexes (Meyer et al., 2009). The most common C.
gattii subtypes were ST7 (5 out of 16) (Vancouver Island Outbreak subtype VGIIb) and

ST20 (2 out of 16) (Vancouver Island Outbreak subtype VGIla). In addition ST5 (1/16),
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found in Australia, and ST264 (2/16), ST265 (1/16), ST266 (1/16), ST267 (1/16),
ST268 (1/16), ST445 (2/16), unique to this region, were also identified. The analysis of
the combined MLST loci showing the placement of the 16 isolated strains from the
micro-region of Rio Negro in context with the STs obtained from the global C. gattii
VGII population and identifying the genetic diversity in this Amazon region, is shown
(Figure 2). Amongst the 9 C. neoformans (VNI) isolates ST93 (6/9) and ST5 (3/9) were
identified, showing a clonal population. Mating type analysis demonstrated mostly
MATo and only one MATa amongst the C. gattii isolates, which is ST268 (VGII), strain
S1443-17.

The death rate of G. mellonella larvae infected with the C. neoformans VNI was
more rapid compared to that one of the larvae infected with C. gattii VGII isolates.
However, no statistical difference was observed between the survival curves of C. gattii
VGII and C. neoformans VNI infected-larvae (p-value = 0.6764) (Figure 3). Amongst
the VGII strains, 5 genotypes demonstrated a higher in vivo virulence, which was
comparable (p-value <0.05) to the Vancouver Island outbreak strain CDCR265: one
strain ST7 (VGIIb), both of the ST20 (VGIIa) strains, and the strains with STs 266, 267
and 445. All C. neoformans strains tested were less virulent than the strain H99 (p-value
< 0.05 - data not shown), but 3 of them (BAR10-16, BAR10-19, BAR08-1) and all ST
93, were as virulent as the VGII Vancouver Island outbreak strain CDCR265 (p-value <

0.05) (Table 1).

4. Discussion
Cryptococcal infection is acquired by human and animal exposure to exogenous
sources, as such the understanding of the dynamics and adaptation of the agents

reservoirs is of fundamental interest, as well as to seek answers to the main questions:
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how humans get infected and what are the means to avoid or reduce risks of infection
(Lazera et al., 2000). Humans are primarily exposed to organic indoor air inhalation,
and indoor dust, important mechanisms of exposure, as people spend over 86.9% of
their lives in indoor environments (Klepeis et al., 2001). Studies have found high levels
of emerging contaminants in indoor dust worldwide, but those studies usually identify
the fungal agent at genus level, missing the opportunity to detect pathogenic
species/strains (Dannemiller et al., 2016; Hanson et al., 2016; Lemons et al., 2017).

Studies on emerging contaminants in indoor dust and the resulting levels of
human exposure to pathogenic Cryptococcus species/strains are scarce. Pioneering
studies in Central Africa in the late 1980s detected a large number of C. neoformans
positive indoor dust samples in households of patients with AIlDS-associated
cryptococcosis (Swinne et al., 1994, 1989). Another similar study was carried out in the
city of Rio de Janeiro, Brazil, by Passoni et al. (1998). The authors analyzed households
of AIDS patients from the metropolitan area and found 13% of positivity for C.
neoformans. Besides, the authors observed that cryptococcosis was twice more frequent
among AIDS patients residing in positive dwellings, thus suggesting an important role
of positive indoor dust samples in the acquisition of cryptococcal infection in
HIV/AIDS patients (Passoni et al., 1998).

An initial and local study in one municipality of the Rio Negro micro-region
(Amazonas state, Brazil) revealed C. gattii isolates in indoor dust associated with
wooden houses (Brito-Santos et al., 2015), suggesting the possibility of cryptococcal
infection by C. gattii acquired from the domestic environment. In the present study, a
larger area including two more municipalities (Barcelos and Novo Airdo) in the

Amazon region showed that 8.9% of the studied houses were positive for C. gattii and
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C. neoformans, revealing an endemic pattern and adaptation to domestic
microenvironments in this region of Amazonia.

An indoor microbial study revealed special concerns for vulnerable groups, such
as children, for the risk of indoor-acquired infection (Malliari and Kalantzi, 2017). In
Brazil, cryptococcosis by C. gattii manifested as CNS infections in immunocompetent
young adults and children of both sexes in the Amazon and northeast regions of Brazil
is common, with the associated lethality ranging from 35% to 40% (Corréa et al., 1999;
Freire et al., 2012; Martins et al., 2011; Santos et al., 2008). The high incidence of
C. gattii in indoor dust in the Rio Negro river micro-region could explain the endemic
pattern of cryptococcosis by VGII in children and young adults and thus indicate the
need for future studies in other endemic areas to understand the role the agents of
cryptococcosis in indoor environments.

The subtypes ST20 (VGlla) and ST7 (VGIIb) related to the outbreak of
Vancouver Island were also found in the micro-region of Rio Negro, as well as new
subtypes of VGII. The genetic diversity of VGII in house dust correlates with the very
diverse C. gattii VGII Brazilian population previously described, and strongly supports
the emergence of virulent strains from ancestors in the northern region of Brazil (Souto
etal., 2016).

The globally most common C. neoformans subtypes, ST93 and ST5, were also
identified in the Rio Negro micro-region. The ST93 has been associated with infections
in individuals with HIV in the Amazonia state and comprise the majority of clinical
isolates in southeastern Brazil (Rocha et al., 2018). The ST5 is one of the most
prevalent STs amongst the clinical isolates from Europe and Asia, but was only rarely

identified in clinical and environmental isolates from Brazil (Ferreira-Paim et al., 2017).
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During the present study, there was no evidence of cryptococcosis cases in the
inhabitants of the positive dwellings, such as the outbreaks related to VGII described in
other geographic areas. However, the STs of C. neoformans and C. gattii from the
indoor dust analyzed in present study were all virulent using the G. mellonella model.
Comparison of the degree of virulence using the G. mellonella model showed that five
subtypes of C. gattii VGII (ST7, ST20, ST266, ST267 and ST445) and one subtype of
C. neoformans VNI (ST93), presented similar pathogenic potential to that of strain
CDR265 (VGlla, ST20) from Vancouver Island, Canada (Galanis, 2010) .

Microbiome studies of indoor dust and outdoor air samples in Boston and
California (USA) detected a moderate percentage of the genus Cryptococcus, being the
third most abundant genus in such samples (Adams et al., 2013; Hanson et al., 2016).
These authors reinforce the importance of the fact that the great majority of
Cryptococcus spp. are non-pathogenic to humans. The present study shows that
pathogenic Cryptococcus spp. can also be found on indoor dust regardless of
cryptococcal infection in the dwellings inhabitants.

In summary, we point out a possible frequent exposure of humans to virulent
agents of cryptococcosis in house dust in the micro-region Rio Negro of the Brazilian
Amazon, where the main subtypes described worldwide are present and shown
virulence potential. Future studies are now warranted to analyze the impact of early and
continuous exposure to indoor dust to the development of subclinical or clinical

infections amongst the inhabitants of those houses.
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Table 1. Median survival times (MST) of Galleria mellonella larvae after being inoculated with different Cryptococcus strains recovered in

this study. Values of each survival curve from Cryptococcus neoformans isolates (n=9) and C. gattii isolates (n=16) were compared with the
highly virulent strain CDCR265 (VGlla, ST20) to determine the degree of virulence.

Matin Number of Median
Species Strain Place of isolation 91 sT survival time p-value Significance
type deaths h)
ARAPLY Novo Airio alfa | 5 8 192 0.0040 o
BAR10-07 Barcelos alfa 93 9 180 0.0374 *
BAR10-13 Barcelos alfa 93 10 144 0.0340 *
C. BAR10-16 Barcelos alfa 93 10 144 0.1089 ns
neoformans | BAR10-19 Barcelos alfa 93 10 144 0.9461 ns
BAR10-21 Barcelos alfa 93 10 180 0.0065 *x
BARO08-1 Barcelos alfa 93 10 156 0.1050 ns
BAR08-4 Barcelos alfa 5 10 168 0.0320 *
BARO08-17 Barcelos alfa 5 9 156 0.0477 *
Dweso-1 | SantalsabeldoRio e |5 9 240 <0.0001 e
Negro
Dweso-2 | SantalsabeldoRio e | g 7 192 <0.0001 e
Negro
DWes50-3 | Sat@ '.ZZZ?L“ RIO 1 aifa | 264 8 204 <0.0001 e
C.gatti | DWe5s0-4 | 2@ '.ZZZ?L“ RIO 1 aifa | 264 7 192 0.0067 o
DWe50-5 | Santalsabel doRio alfa | 7 7 216 0.0002 sk
Negro
DW650-14 | ~2M@ Ililzt;erlodo IO | aifa | 265 10 144 0.5853 ns
DWe50-24 | Santa Isabel doRio alfa | 7 10 168 0.0041 *x
Negro
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Santa Isabel do Rio

S1443-13 alfa | 266 10 132 0.6349 ns
Negro
S1443-14 Santa Isabel do Rio alfa | 20 10 144 0.8420 ns
Negro
S1443-15 Santa Isabel do Rio alfa | 20 10 156 0.1337 ns
Negro
S1443-17 Santa Isabel do Rio a | 268 9 180 0.0097 o
Negro
Sl443-24 | Santalsabel do Rio alfa | 267 9 156 0.0880 ns
Negro
Slaaap | SantalsabeldoRio |0 | 5 9 192 0.0004 s
Negro
ARA-P9A Novo Airdo alfa 445 8 204 <0.0001 Fhkx
ARAl-P15' Novo Airdo alfa | 445 5 228 0.0621 ns
ARAZ‘P15' Novo Airdo alfa | 7 10 192 0.0005 wx
CDCR265 Canada alfa | 20 10 132 NA NA

(*): More asterisks indicate that the strains are less virulent compared to CDCR265.

ns: Not significant, which means that the virulence of those strains is statistically equal to CDCR265

NA: not applicable
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Supplementary Table 1: Data about cryptococcal isolation from indoor dust collected from the micro-region of Rio Negro, Brazilian

Amazon, and molecular characterization (URA5-RFLP and MLST type) of positive environmental samples.

Collected Positive  Frequency of Range of Molecular type
Municipalities samples samples  positivity (%) CFU/g* isolated MLST profiles
Santa Isabel do ST20 (VGlla), ST7 (VGIIb), ST5 and
51 3 59 2.500 - >50.000 VGII
Rio Negro new STs 264, 266-268 (VGII)
Barcelos 12 2 16.7 600 - 1.300 VNI ST5 and ST93 (VNI)
VGII ST7 (VGIIb) and new ST445 (VGII)
Novo Airéo 16 2 12.5 200 - 300
VNI ST5 (VNI)
All 200->50.00
79 7 8.9 VNI and VGII  All above mentioned
municipalities

*CFU/qg: colony-forming unit per gram

NA: not applicable
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Figure 1. Map of the micro-region of Rio Negro, Brazilian Amazon, which is composed of four municipalities.
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Figure 3: Survival curves of Galleria mellonella larvae inoculated with the Cryptococcus neoformans (n=9) and C. gattii (n=16) isolates
recovered in this study. Death of G. mellonella larvae infected with C. neoformans VNI isolates resulted in a more rapid rate compared to
those infected with C. gattii VGII, although the difference was not statistically significant (p-value 0.6764).
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6. CAPITULO 2- VIGILANCIA DOS AGENTES DA CRIPTOCOCOSE NA MICRORREGIAO DO
R10 NEGRO.

Neste capitulo, um trabalho e dois produtos sdo apresentados.

Baseado nos achados citados no capitulo 1, que mostraram um possivel padrdo endémico dos
agentes da criptococose e a prevaléncia de C. gattii na poeira domiciliar, 0 que gera um risco de
criprococose primaria para populacdo, o doutorando foi incentivado a propor um modelo de
medidas de vigilancia para os agentes da criptococose na microrregido do Rio Negro. Dada a
necessidade de aplicar uma ferrementa para o diagnostico rapido da criptococose em areas
remotas ou de dificil acesso, o primeiro trabalho do capitulo de vigilancia reforca a utilizacdo da
urina pré-aquecida como um espécime clinico Gtil para realizacdo de diagnostico e/ou inquéritos
nessas areas. Quanto aos produtos voltados para a comunidade, o primeiro desafio foi propor um
projeto de divulgacdo cientifica mediante os achados da microrregido do Rio Negro. Esse projeto
foi elaborado com o intuito de dar um retorno para a comunidade de estudo em questdo. Mediante
a elaboragédo desse produto sentiu-se a necessidade de confeccionar no primeiro momento um
folder educativo voltado para os moradores com uma linguagem de facil compreensdo explicando
“O que € a criptococose”. A elaboracdo de um informativo técnico também foi incentivada como
uma proposta de medidas preventivas que devem ser tomadas pelas secretarias de saude de cada
municipio, sendo sugerida nessa nota a coopera¢do conjunta com a Fundacdo de Vigilancia em
Saude e por fim foi proposto um treinamento dos profissionais de salde para o diagnostico da
criptococose na area de estudo. Essse capitulo de vigilancia é de fato um dos principais pontos
para 0 doutorando no programa de pds-graduacdao em Medicina Tropical e ndo por menos uma
resposta concreta para a populacdo em estudo. As propostas e ferramentas geradas podem
auxiliar na investigacdo de futuros casos individuais ou surtos de criptococose nessa microrregiao

da Amazoénia.
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Overview

A delay in laboratory diagnosis is related to sequelae and death. Thus, early diagnosis is the
key to decrease the high lethality rate due to cryptococcosis. The cryptococcal antigen lateral
flow assay (CrAg LFA) Immy test is standardized for a fast screening point-of-care test for
cryptococcosis, detecting cryptococcal antigen in serum and cerebrospinal fluid (CSF). Urine
screening would be ideal as a noninvasive approach, but previous studies have shown that
fresh urine present false positive results. For this reason, we introduced just one simple physi-
cal procedure (i.e, heating of fresh urine prior to CrAg LFA Immy testing) to increase the spec-
ificity without compromising test sensitivity.

Introduction

Cryptococcosis by Cryptococcus neoformans is a major opportunistic infection in HIV patients,
responsible for a high lethality (13%-44%), mainly in resource-limited countries. In sub-Saha-
ran Africa, over 500,000 deaths due to cryptococcal meningitis are estimated to occur each
year [1]. In Brazil, besides cryptococcosis associated with HIV, another public health problem
is the endemic occurrence of cryptococcal meningitis by C. gattii in north and northeast
regions with a lethality rate of 35%-40% [2]. A delay in laboratory diagnosis is related to
sequelae and death. Thus, early diagnosis is the key to decrease the high lethality rate due to
cryptococcosis.

Previous studies that used a cryptococcal antigen lateral flow assay (CrAg LFA) Immy in
serum, plasma, finger stick whole blood, and cerebrospinal fluid (CSF) demonstrated its high
sensitivity and specificity for screening cryptococcosis [3,4]. Recently, a review on diagnostic
accuracy of the CrAg LFA showed a sensitivity of 85.0% (95% CI, 78.7%-90.1%) in urine.
However, the specificity was not estimated [3]. A urine sample is easier to obtain than blood or
CSF, becoming a promising methodology for early diagnosis of cryptococcosis, especially in
developing countries [3,4]. Considering that the Crypfococcus target molecule glucuronoxylo-
mannan (GXM) is thermostable, we included a heating step before the CrAg LFA Immy test to
overcome the false positive results in urine, as shown in previous studies.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0005304 May 11,2017 1/4
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Methods

A prospective cohort study performed from April 2014 to April 2015 included all HIV-positive
patients over 18 years of age with CD4" T cell counts <200 cells/mm” admitted at the Evandro
Chagas National Institute of Infectious Diseases (INI), FIOCRUZ, Rio de Janeiro, Brazil.
Healthy individuals were included as a negative control and patients presenting proven crypto-
coccosis as a positive control. All patients were invited to participate in this study and provided
written informed consent. The study was conducted with the approval of the INI Ethics Com-
mittee (CAAE: 3248151400005262).

Cryptococcal antigen testing was performed in blood serum and urine from each volunteer
using the CrAg LFA Immy test (Immuno-Mycologics, Norman, Oklahoma, USA), following
the manufacturer s instructions. The CrAg LFA in serum samples was considered as the gold
standard. Each fresh urine sample was tested under two conditions: unheated (untreated) and
heated (treated) by five minutes incubation at 100°C. Clinical specimens such as blood, CSF,
and urine were subsequently cultivated to investigate cryptococcal infection. Sensitivity, speci-
ficity, positive predictive values (PPVs), negative predictive values (NPVs), and Kappa statistic
were determined at 95% CI by SPSS version 18.0.2 (IBM).

Results

The study was performed on a prospective cohort of 77 volunteers: 53 HIV-positive (CD4" T
cell <200) patients, 18 healthy individuals (negative controls), and 6 HIV-positive patients
with active proven cryptococcosis (positive controls).

Twenty-four out of 53 HIV-positive volunteers had a CrAg LEA-positive profile (42.3%)
when untreated fresh urine was tested. When heated, only eight samples were positive (15%),
presenting 100% of agreement with the positive results obtained from serum samples sub-
mitted to CrAg LFA Immy assay. Out of those eight positive patients, five had proven crypto-
coccosis (positive culture for C. neoformans in CSF and/or blood culture) and three patients
had cryptococcal antigenemia (negative for Cryptococcus in blood and CSF cultures). The
untreated fresh urine has shown 16 false positive results (30.2%). After treatment, those urine
samples were negative, as confirmed by negative results in the serum.

The positive control group was positive in serum samples, in untreated and treated urine.
Furthermore, C. neoformans was isolated from the clinical specimens in all cases in this group.

Thirteen out of 18 samples from the negative control group had the untreated urine positive
(72%), representing false positive results, because after heating those urine samples were nega-
tive, resulting in 100% agreement with the CrAg LFA results obtained in serum.

Comparing to the serum as the gold standard, the CrAg LFA using untreated urine had a
sensitivity of 100% (14/14), a specificity of 41% (26/63), a PPV 0f 27% (14 /51), and an NPV of
100% (26/26), whereas the comparison of serum and treated urine had a sensitivity, specificity,
NPV, and PPV of 100%. Kappa coefficients (k) demonstrated a fair agreement between the
methodologies by using untreated urine and serum (k = 0.204). However, perfect agreement
between treated urine and serum (k = 1) was observed (Table 1).

Discussion

Early diagnosis and treatment is an important strategy for preventing clinical disease and
reducing the high lethality rate in HIV patients with detectable CrAg. Urine specimens are eas-
ier to collect than other samples, providing a convenient way to screen suspected patients,
especially in remote areas with resource-limited settings without laboratory facilities.

As shown herein and in a study by Tenforde et al. (2015) [5], fresh urine samples should
not be used in point-of-care settings for screening of cryptococcosis. The significant number
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Table 1. Summary of the diagnostic performance of cryptococcal antigen lateral flow assay on urine samples using serum as the reference

standard.
Population (N=77) Sensitivity Specificity PPV NPV Kappa
Untreated urine 100% (14/14) 41% (26/63) 27% (14/51) 100% (26/26) 0.204 (p=0.02)
(95% CI) (99%—100%) (30%-52%) (17%—37%) (99%—100%) (0.068-0.339)
Treated urine 100% (14/14) 100% (63/63) 100% (14/14) 100% (63/63) 1.0 (p<0.001)
(95% Cl) (99%—100%) (99%—100%) (99%—100%) (99-100%) (0.755—-1.0)

Data presented are the percentage, numerator/denominator, and 95% confidence interval.

Kappa, analysis of agreement by Kappa index; NPV, negative predictive value; PPV, positive predictive value.

https://doi.org/10.1371/journal.pntd.0005304.t001

of false positives in fresh urine can induce a false diagnosis of cryptococcosis and the misuse of
antifungal drugs [6]. Early studies on the CrAg LFA test showed high sensitivity and low speci-
ficity in urine. [7,8,9]. In other studies, the diluent was changed or the urine was frozen in
order to improve specificity but the results didn’t reach the gold standard pattern (serum,
CSF) [8,9]. The present study calls attention on the unexpected high number of false positives
in fresh, untreated urine samples from healthy individuals included as a negative control and
also from HIV patients. Considering a possible cross-reaction with some macromolecules,
which are part of the usual profile of the urine, and taking into account the presence of ther-
mosensitive molecules, we propose a fast and reliable method of inactivation of those mole-
cules (i.e., heating fresh urine at 100°C for five minutes before the CrAg LFA), which has no
effect on thermostable cryptococcal GXM antigen—the major component of the capsule.
Heating of urine prior testing dramatically improved the test’s specificity without compromis-
ing the test’s sensitivity. The CrAg LFA in heated urine of HIV patients identified not only five
new cases of cryptococcosis but also three cases of cryptococcal antigenemia. Further studies
on CrAg test are necessary to understand which molecule or molecules could be acting as
interference, producing cross reactivity in urine.

In conclusion, this crucial step has dramatically increased the specificity without
compromising test sensitivity, with two additional advantages: no need of enzymatic treatment
or sample dilution (box 1).

Box 1. Advantages and disadvantages of heating urine prior CrAg
LFA tests

Advantages

« High specificity and sensibility as the gold standard technique (with serum).

« Easy implement without need for phlebotomy or finger stick supplies.

« Screening early cryptococcal infection at routine laboratory as well as in field work.
Disadvantages

+ One more step is included in the methodology: the boiling.

+ Five more minutes are added to the methodology.

« Cannot be a point-of-care test.
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1-Agentes da criptococose na Microrregido do Rio Negro, estado do Amazonas

A criptococose coloca-se entre as infecgdes fungicas humanas de significativa letalidade e
morbidade, principalmente sob forma de meningoencefalite, seja em imunodeprimidos ou
individuos com imunidade normal. Infeccdo flngica de disseminagdo sistémica é adquirida via
pulmonar por inalacdo de propagulos de agentes do complexo Cryptococcus neoformans e do
complexo Cryptococcus gattii presentes no ambiente. Ndo ha transmissdo entre humanos ou
animais. Entre as mais de trés dezenas de espécies de Cryptococcus, somente C. neoformans e C.
gattii comumente causam a doenca. H& uma incidéncia global anual de meningite criptococica
estimada de 223.100 casos, resultando em 181.100 mortes anuais em individuos com HIV, onde
predomina C. neoformans (Rajasingham et al., 2017). O surgimento de C. gattii tipo molecular
VGII como patégeno de hospedeiros aparentemente imunocompetentes € particularmente
impressionante.

Particularmente nas regides norte e nordeste do Brasil, registros hospitalares de internacao
demonstram expressiva ocorréncia de criptococose por C. gattii em criancas e adolescentes sem
HIV (Trilles et al., 2008; Freire et al., 2012). Estudos regionais demonstram percentual de 18% a
33% de criangas em casuisticas hospitalares de meningite criptocécica nos estados do Amazonas,
Para, Maranhao e Piaui (Corréa et al., 1999; Santos et al., 2000; Martins et al., 2003; Santos et al.,
2008), demonstrando a importancia dessa infeccao fangica nos primeiros anos de vida. Sem duvida,
0 uso de dados hospitalares apresenta limitacdes, refletindo apenas pequena fracdo de casos
infantis num contexto maior e pouco conhecido da criptococose na Amazonia. A criptococose
infantil priméria é excepcional em outras regides do mundo. Face ao observado na Amazénia, a
exposicdo ambiental aos agentes da criptococose ocorre provavelmente desde os primeiros anos
de vida.

Com base nessas evidéncias e estudos de fontes ambientais realizados na microrregido do
Rio Negro/Amazonas foi elaborado o presente informe técnico, uma vez que ha evidéncias de
exposicao cotidiana e domiciliar de moradores desta regido aos agentes da criptococose (Brito-
Santos et al., 2015). Amostras de poeira doméstica foram analisadas quanto a presenca dos
agentes da criptococose e apresentaram uma significante frequéncia de positividade (11,4%), com
isolamento de C. gattii e C. neoformans, demonstrando que as criangas, bem como os demais

moradores, devem estar expostos a inalagdo do fungo no préprio domicilio, cotidianamente.

2-Estudos de fontes ambientais relacionadas ao domicilio na microrregido do Rio Negro.
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No periodo de 2011 a 2017 foram encontrados agentes da criptococose na poeira
domiciliar dos seguintes municipios com seus respectivos bairros:
- Municipio de Novo Airdo: Anavilhas e Remanso
- Municipio de Santa Isabel do Rio Negro: Don Walter e Sdo Judas Tadeu

- Municipio de Barcelos: Centro da cidade.

Foram analisadas amostras de poeira domiciliar de 79 casas distribuidas em 3 municipios
(Tabela 1).

Tabela 1: Processamento da poeira domiciliar e identificacdo dos agentes da criptococose

Municipios Domicilios Frequéncia (%) Agentes da criptococose
positivos
Santa Isabel do Rio Negro 3/51 5,8 C. gattii
Barcelos 2/12 16 C. neoformans
Novo Airdo 2/16 12,5 C. gattii / C. neoformans
Todos os Municipios 7/79 11,4 C. gattii/C. neoformans

3-Ac0es para vigilancia e controle dos agentes da criptococose

Face aos achados positivos em diferentes municipios da microrregido do Rio Negro,
estado do Amazonas, ha necessidade de alertar as equipes de atencdo basica e de vigilancia em
salide para casos clinicos suspeitos de criptococose e atencao especial aos menores oriundos desta
regido que podem ser considerados um grupo vulneravel. Considerando o dificil acesso e longas
distancias para atendimento médico especializado na microrregido do Rio Negro, é importante
informar e preparar os profissionais de salde relacionados a atencdo basica para triagem de casos
suspeitos. A fase inicial da criptococose, seja da forma pulmonar, seja da forma de meningite, é
usualmente subaguda, progressiva, € nem sempre a sindrome febril é evidente. Nesta fase,
confunde com outros diagnosticos (sinusite, pneumonia, cefaleia persistente, entre outros), o
estado geral € bom e pode evoluir lentamente em semanas ou meses. Na busca do diagnostico
precoce, esta indicado o uso do teste rapido, que pode ser feito no local em que o paciente esta
(“point of care”). Trata-se de teste imunocromatografico para detecgcdo de antigeno polissacarideo
de Cryptococcus sp (CrAg-LFA), especifico, com leitura em 10 minutos, de facil realizagéo e que
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ndo necessita da cadeia de refrigeracdo no transporte. Nos casos de testes positivos, estes deverdo
seguir para centros com mais recursos para os demais testes, como exame direto e cultivo de

espécimes clinicos para fungo, além da avaliagdo médica.

3.1-Objetivos da Vigilancia

e Diagnosticar precocemente 0s casos suspeitos de criptococose pulmonar e/ou meningite,

em individuos nativos ou moradores das mencionadas regides.

e Realizar o “screening” diagndstico dos casos suspeitos utilizando o teste rapido de

deteccdo de antigeno criptocdcico (CrAg-LFA) no soro.

3.1.1-Definicao de caso suspeito de criptococose

* Por critério clinico-epidemioldgico:

Além de manifestacdes clinicas sugestivas de criptococose, deve ter historia de ter
nascido, morado ou viajado para zona endémica de criptococose. As manifestacdes clinicas nao
sdo suficientes para o diagnostico definitivo, confundindo com quadros respiratdrios, pneumonia,

tumor pulmonar, meningite viral, bacteriana ou causada por tuberculose.

« Por critério clinico:

Criptococose pulmonar

A maioria dos casos se apresenta como infeccdo pulmonar antes de disseminar e causar
meningite. Nodulo solitario subpleural, por vezes mais de um nodulo ou infiltrado pulmonar ndo
especifico sdo vistos ao RX.

Sé&o sintomas suspeitos de criptococose pulmonar:
1. Dor toracica ou dor toracica ao respirar, por pelo menos duas semanas
2. Perda de peso

3. Febre é incomum, mas pode ocorrer.
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Meningoencefalite (meningite) criptococica

E a principal manifestacdo no sistema nervoso central (SNC), com inflamagdo das
meningites e progressiva hipertensdo intracraniana, mas pode ocorrer também associada a nodulo
ou nodulos cerebrais. O inicio é geralmente insidioso, com cefaleia progressiva, principalmente
occipital, que vai ficando intolerdvel e ndo melhora com analgésico. Segue-se queixa visual, j&
em estado avancado com estrabismo, visdo dupla, acompanhada ou nédo de febre e perda de peso.
Este espectro clinico deve ser considerado em todas as faixas etarias, incluindo criancas.

Sdo sintomas suspeitos de meningite criptocdcica:

1. Cefaleia intensa sem causa evidente por pelo menos 10 dias

2. Queixa visual: turvacdo da visdo, visao dupla, estrabismo (desalinhamento dos olhos)

4.2-Confirmagcéo de caso de criptococose

Em caso suspeito de criptococose (pulmonar, cutanea, disseminada, ou outra localizacéo),
o diagnostico baseia-se na deteccdo do antigeno capsular criptococico circulante por teste rapido
(CrAg-LFA).

Os casos suspeitos com teste positivo no soro devem ser encaminhados para realiza¢ao de
exames:

1. RX de térax: procedimento minimo aconselhado no rastreio de lesdo pulmonar.

2. Puncdo lombar: deve ser feita de rotina mesmo quando ndo ha a triade classica de
meningite (cefaléia, rigidez de nuca e vémitos), a meningite pode ser inicialmente
assintomatica ou oligossintomatica. O liquor deve ser submetido ao mesmo teste (CrAg-
LFA) e o resultado positivo indica meningite criptococica. Demais exames devem ser
realizados como exame direto do LCR (Liquido Cefalorraquidiano) ao nanquim (tinta da
china) e cultivo para fungos, porem o tratamento pode ser iniciado imediatamente ap6s o
resultado positivo do teste CrAg-LFA.

Teste CrAg positivo nos seguintes espécimes clinicos:
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Sangue total, urina pré-aquecida, soro e plasma o teste positivo confirma criptococose,

porém ndo define a forma clinica.

Confirmacéo de criptococose pulmonar:

Teste positivo no soro, urina pré-aquecida, sangue ou plasma, associado a evidéncia de
lesdo ao RX de torax, presenca de levedura capsulada em espécime clinico pulmonar (exame

direto ao nanquim) e/ou cultivo positivo para C. gattii ou C. neoformans.

Confirmacao de diagndstico de meningite criptocécica:

Teste CrAg positivo no LCR basta para o diagnostico. O exame direto positivo ao
nanquim para levedura capsulada no LCR ou cultivo positivo para Cryptococcus spp no LCR tém
também valor diagnostico e devem ser feitos sempre que haja estrutura laboratorial minima e

treinamento para o diagnostico laboratorial.

4.3-Recomendac0es direcionadas a atencdo ao paciente com criptococose confirmada.

Feito o diagnostico e definida a forma clinica o paciente deve ser referido a um posto ou
centro de referéncia da regido. Sendo a forma de criptococose localizada (pulmonar, cutanea
isolada, entre outras) sem evidéncia de disseminacdo para SNC, bom estado geral e sem doenca
de base pode, ser iniciado o tratamento oral com itraconazol 200 a 400mg/dia 6 meses a 1 ano
para adulto. E importante ressaltar que o tratamento antiflingico para criptococose em criangas é
baseado e extrapolado pela experiéncia com adultos, a maioria infectados pelo HIV, uma vez que
casos pediatricos sdo raros nas casuisticas mundiais. Portanto, considerando a concentracdo
tecidual pulmonar do itraconazol, preconizamos o uso oral de itraconazol 10mg por kg o, tomado
1 x ao dia, apos refeicdo (almogo).

Chamamos a atencdo para a importancia da puncéo lombar no paciente que foi positivo
no soro. Caso ndo haja condigOes para realizar o procedimento, o paciente deve ser referido a
outro local para realizar a puncdo lombar. A positividade ao teste CrAg no LCR caracteriza

meningite mesmo que o LCR seja aparentemente normal, e indica tratamento combinado de
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Anfotericina-B e flucitosina, conforme esquema ja estabelecido (Consenso de criptococose;
2008).

4.4-Notificacdo dos casos de criptococose

Apesar de ser emergente e causar elevada letalidade sob forma de meningite, a
criptococose ndo é um agravo de notificacdo no pais, nem na regido amazonica onde ha
evidéncias de endemia estabelecida. Sugerimos que uma ficha de notificacdo seja criada e um

fluxo de vigiléncia seja adotado na regiao.

4.5-Acdes de educacdo em saude e cursos de formacéo continuada

e Folder informativo sobre a criptococose e seus agravos.
e Palestras para profissionais de satde sobre o tema.
e Curso tedrico-préatico para deteccdo de antigeno criptococico utilizando o teste rapido

CrAg para medicos, enfermeiros, farmacéuticos, biomédicos e técnicos de saude.
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Criptococose @ uma micose causada
por um fungo que vivé na natureza, sendo
facilmente encontrado em fezes de aves, ocos
de arvores e madeiras apodrecidas, podendo
ser achado até em poeira domiciliar.

A pessoa pode adquirir a criptococose
pela respiracdo da poeira contaminada com o
fungo. No pulmao, causa doenca com tosse,
dor nas costas e, as vezes, pneumonia. Se a
criptococose do pulmao nao for tratada, o
fungo pode ir para o cérebro, causando
meningite.

Essa doenca afeta, principalmente,
criangas e adultos jovens. Quanto mais cedo
for feito o diagnéstico dessa infecgao, menor
serdo os riscos de cegueira, perda de audicao
e morte por meningite.
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Sintomas
misCOMUNS

- ry -
No Inicio
€ Dor nas costas
€ Tosse

© Fortes dores de cabega
(que ndo passam com remédios comuns)
© Enjbo e vomito
© Sonoléncia
0 Visdo turva ou visao dupla

& M

>

TRATAMENTO E PREVENCAO

Em Caso De Suspeita
Procure Um Médico

Se vocé tiver esses sintomas procure imediatamente um médico ou seu
agente de sadide no local malis préximo. Para realizar o exame da criptoco=
cose existe um teste rapido que pode ser feito no sangue. Se o teste for
positivo, o médico ird tomar a conduta para o tratamento.

Prevencao

Nao existe prevencio ou vacina para evitar a pneumonia ou @ meningite causada pela criptococose. Mas,
podemos diminuir o risco de respirar esse fungo no ar. Por exemplo, ele cresce em vérios locais onde tem
madeira podre, fezes de aves, que se espalham no ar e viram poeira. A umidade e escuriddo ajudam o cresci-
mento do fungo, que gosta de ocos de arvores.

Limpe Bem A Sua Casa

Entfo, vocd deve evitar madeira podre, pé de
serragem ou fezes de aves, dentro da casa ou
no quintal. Deve tratar ou pintar as tdbuas de
sua casa, manter a casa limpa, ventilada e com
Buz do so] sempre que possivel,




7-DiscussAo

Emmons, em 1951, descreve o primeiro isolado de C. neoformans a partir de fontes
ambientais no estado da Virginia/EUA, onde isolou o fungo de solo contaminado com excreta de
aves, em particular de pombos, sedimentando o conceito de infeccdo adquirida a partir de
ambiente contaminado (Emmons, 1951). A partir desses achados, a intensa procura pelo habitat
natural de C. neoformans foi realizada por varios autores. Sabendo-se que a criptococose por C.
neoformans tem um padrdo cosmopolita e 0 pombo, ave cosmopolita, é adaptada a ambientes
urbanos, Nielsen e colaboradores relatam em seus estudos in vitro a melhor capacidade de
adaptacdo de C. neoformans na excreta de columbiformes, apresentando progénies férteis no
cruzamento entre C. neoformans var. grubii Mat a e C. neoformans var. neoformans Mat alfa
(Nielsen et al., 2007).

Originalmente, a investigacdo intensiva do possivel habitat natural nas excretas de
pombos em diferentes continentes levou ao isolamento exclusivo de C. neoformans a partir de
fontes ambientais. Apds a confirmacdo da existéncia de uma variedade (C. neoformans var.
gattii) mais tarde reconhecida como espécie distinta (C. gattii) (Kwon-Chung, 1975), este agente
passou a ser exaustivamente procurado no ambiente em fezes de pombo, sempre com resultados
negativos e assim considerado um agente raro no ambiente. A criptococose por C. gattii que
apresenta um padrdo endémico em climas tropicais e subtropicais, foi muito estudada na
Australia por Ellis e Pfeiffer direcionando as pesquisas ambientais para Eucaliptus camaldulensis
arvore nativa daquela regido (Ellis and Pfeiffer, 1990). Surpreendentemente o0s autores
encontraram C. gattii em amostra de madeira e flores dessas arvores e estabeleceram que C. gattii
tinha uma associacdo ecoldgica especifica e exclusiva com E. camaldulensis. Por outro lado,
estudos desenvolvidos no Brasil mostraram a positividade de C. gattii em arvores de diferentes
espécies, ampliando o conceito de habitat natural primario  relacionado
a madeira em decomposicdo em ocos de arvores. Ficou evidente entdo que ndo havia uma
especificidade de C. gattii por uma determinada arvore-hospedeira (Lazera et al., 1998) e estudos
progressivos mostraram que tanto C. gattii quanto C. neoformans podem ser isolados de um
mesmo microhabitat, isto é, oco de arvores. Neste microhabitat a madeira em decomposi¢do
apresenta substratos ricos em lignina. A producéo de lacase, enzima relacionada a degradacéo de
madeira, pelos agentes da criptococose, facilita o crescimento saprofitico em ocos de arvores, que

representam habitats naturais primarios de C. gattii e C. neoformans (Lazera et al., 2000). A lista
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de espécies de arvores das quais C. gattii e/ou C. neoformans sdo isolados é crescente, em
diversos paises, na Argentina e Colémbia (15 géneros); india (11 géneros); Canada, México e
Estados Unidos (9 géneros), Espanha e Holanda (4 géneros) e Australia (2 géneros). No Brasil C.
neoformans foi descrito em 14 géneros de arvores e C. gattii em 7 géneros (Barbosa et al., 2013).

A expansdo geografica das infeccBes por C. gattii, originalmente restrita a areas tropicais
e subtropicais, foi evidenciada pelo surto no Canada. Seria impossivel imaginar um surto de C.
gattii em clima temperado, porém, na ilha de Vancouver, ocorreu infeccdo humana e animal
caracterizando um surto de larga escala pelo tipo molecular VGII e seus subtipos VGlla e VGIIb
foram associados a mortes nessa regido (Galanis et al., 2010). Além disso, em estudos
ambientais, isolaram esse agente de arvores nativas, fontes naturais de agua e no ar externo
“outdoor” em florestas desta regido e esse surto foi creditado ao possivel aumento de
temperatura nesse local (Kidd et al., 2007). O desequilibrio ambiental gerado por fatores
antropicos, alteram os microhabitats e, consequentemente, a microbiota, contribuindo para a
dispersao/proliferacdo/adaptacdo dos agentes da criptococose.

Durante décadas a regido amazonica sofre as consequéncias da antropizagdo, como
exemplo, o desflorestamento, extincdo de espécies, exploracdo de riquezas minerais e taxa de
desmatamento em crescimento continuo (Yanai et al., 2017). No presente trabalho utilizamos
como area de estudo a microrregido do Rio Negro, localizado no Estado do Amazonas. No
primeiro trabalho realizado nessa regido levantamos a hip6tese que C. gattii VGII isolado na
poeira domiciliar “indoor” estaria associada as casas de madeira, construidas com arvores
nativas, uma vez que ja havia evidéncia de C. gattii em arvore nativa da regido amazonica (Fortes
et al., 2001). De fato, como relatado anteriormente, C. gattii esta associado as arvores nativas em
diversas regiGes do mundo (Brito-Santos et al., 2015a). Com relacdo a microrregido, este
primeiro trabalho ocorreu no municipio de Santa Isabel do Rio Negro. A ampliacdo do estudo foi
necessaria para verificar se os achados foram eventuais ou representavam em pequena escala um
evento maior de adaptacdo dos agentes da criptococose a areas antropizadas dessa vasta regido de
Amazonica. Foi coletada poeira domiciliar em casas mistas (alvenaria e/ou madeira). Realmente,
esse segundo estudo, consolidou os achados inicias, mostrando que 0s agentes da criptococose
ocorrem no ambiente domiciliar da microrregido do Rio Negro e possivelmente em cenarios
similares de assentamento de popula¢cdes humanas na Amazonia. Sera que essa extensa area do
bioma amazonico daria suporte ao habitat natural primario desses agentes, dispersos na mata

original e posteriormente adaptados a areas antropizadas nesta regido. Um trabalho realizado em
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areas de baixo efeito antropico (reserva ambiental) da floresta amazénica, na ilha de Maracg, C
gattii VGII foi isolado de arvore nativa, sugerindo a presenca ancestral desse agente no bioma
amazonico (Fortes et al., 2001).

Portanto, tanto C gattii VGII e C. neoformans VNI estdo associados a madeira em
decomposicdo nesta microrregido (Brito-Santos et al., 2015b). Chama atencdo a auséncia de
pombos nos ambientes estudados, contrastando com os ambientes das grandes cidades onde
pombo esté associado a dispersdo clonal de C. neoformans VNI através de excretas secos, que
sdo verdadeiros microfocos desse agente (Baroni et al., 2006). Por outro lado, esse cenario ndo
foi observado nas casas positivas para C. neoformans VNI na Amazonia.

Considerando a regido de estudo, alguns aspectos devem ser considerados com relagao a
capacidade de adaptacdo tanto de C. neoformans VNI como C. gattii VGII ao ambiente de
estudo, antropizado e em fase inicial de urbanizacdo. No municipio de Santa Isabel do Rio Negro,
observamos que ambos os agentes foram encontrados em postes feitos de arvores nativas
extraidas da mata original, trazendo a biodiversidade para ambiente antropizado (Brito-Santos et
al., 2015b). Quanto ao papel dos postes de madeira na formacédo da cidade, seria possivel sugerir
que atuem como corredores bioldgicos, ou seja, como uma extensdo do ecossistema natural- que
seria a mata nativa- interligado ao ambiente antropizado e possibilitando a manutencéo de parte
da biodiversidade e seus processos evolutivos, e incluindo os agentes da criptococose. De fato em
sua maioria, 0s postes de madeira apresentavam carreiros de cupins, associados a decomposi¢do
de madeira. Fortes e col. relatam o isolamento dos agentes da criptococose em cupinzeiros no
municipio de Boa Vista /Roraima (Sales et al., 2017). Seriam 0s cupins possiveis responsaveis
pela dispersdo desses agentes na microrregido? Seriam as areas em decomposi¢cdo dos postes um
padrdo de habitat secundario, adaptado para esses agentes no ambiente antropizado? Deve-se
considerar que a madeira em decomposicdo corresponde a substratos favoraveis ao crescimento
dos agentes da criptococose, que possuem uma enzima lacase, pertencente a grupo especializado,
relacionado a decomposicao de lignina (Lazera et al., 1996).

Outro aspecto a ser considerado esta relacionado a ocupacéo antropica histérica ao longo
do tempo. O municipio de Barcelos tem uma populagdo estimada de 25.589 habitantes, tendo
sido a primeira capital da provincia do estado do Amazonas com cerca de 240 anos. Os achados
da poeira domiciliar desse municipio revelaram um padrdo exclusivo de C. neoformans VNI,
onde esse agente foi isolado tanto na igreja local quanto na casa de uma funcionaria da igreja.

“Pesquisadores sugerem que Cryptococcus spp seria um fungo catolico”, devido aos relatos de
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igrejas onde ja foi isolado este agente! (Baroni et al., 2006). Considerando 0 nosso processo de
colonizagdo, onde as igrejas eram o marco inicial das cidades e ponto de encontro de toda
comunidade, esse possivel ponto de dispersao deve ser considerado. Barcelos é a mais antiga das
cidades estudadas e ndo foi possivel isolar C. gattii das amostras coletadas, essencialmente poeira
domeéstica. Ndo foram coletadas amostras de postes e isso pode ter influenciado no resultado
final. Considerando o ambiente domiciliar, C. neoformans predominou de maneira evidente
lembrando o observado em grandes centros urbanos. Seria essa uma tendéncia com a progressiva
urbanizacéo de cidades da Amazénia? (Freire et al., 2012; Rocha et al., 2018).

O municipio de Novo Airdo, corroborando os achados de Santa Isabel do Rio Negro,
reforcou a ocorréncia de C. neoformans VNI e C. gatiii VGII na microrregido de estudo (Brito-
Santos et al., 2017). Os principais tipos moleculares responsaveis pela criptococose no Brasil,
parecem estar adaptados a essa regido!

O estudo da estrutura populacional por MLST é uma ferramenta aplicada a estudos
epidemioldgicos moleculares (Meyer et al., 2009). Com o auxilio dessa ferramenta, foi possivel
identificar na poeira domiciliar dos municipios da microrregido do Rio Negro os principais
subtipos responsaveis pela criptococose no mundo. A primeira analise de MLST no municipio de
Santa Isabel do Rio Negro ja revelava presenca dos subtipos relacionados ao surto de Vancouver
(ST20/VGlla e ST7/VGIIb) (Brito-Santos et al., 2015a). Souto et al., (2016) em andlise da
diversidade genética dos isolados brasileiros de C. gattii, chamou atencdo dos isolados de Santa
Isabel do Rio Negro, onde ST20 (VGIlla) mostrou padrdo de dispersdo na regido Amazonica.
Além do que, dois STs (ST266, ST267) exclusivos de Santa Isabel do Rio Negro estavam ligados
ao complexo clonal do ST20 (VGIla) (Apéndice A). Posteriormente, a presenca de ST7/VGIIb
foi consolidada com isolamento deste no municipio de Novo Arido. O municipio de Barcelos
apresentou exclusivamente os ST5/VNI e ST93/VNI, dois subtipos ja identificados em isolados
clinicos e ambientais no Brasil e também comuns na Asia e na Europa (Ferreira-Paim et al.,
2017).

A evidéncia de 6 novos subtipos de C gattii STs (264, 265, 266, 267, 268 e 445), o achado
de C. gattii VGII tipo sexuado Mat a e o predominio do Mat alfa na poeira domiciliar da
microrregido, despertaram varias possibilidades: Reprodugdo sexuada favorecendo o rearranjo
genético com maior probabilidade de sobrevivéncia em ambientes mutaveis e/ou competitivos

como observado em Santa Isabel do Rio Negro.
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A presenca de mating type a, em isolado de C. gattii reforca a possibilidade de eventos de
recombinacdo levando a grande variabilidade e diversidade genética na poeira domiciliar da area
estudo. E interessante notar que o0 mesmo nao foi observado para C. neoformans que apresenta
uma estrutura predominantemente clonal.

Apos essa reflexdo, o questionamento sobre a viruléncia desses agentes era de fato um
desafio. Teriam esses isolados da poeira domiciliar algum potencial de viruléncia? Escolhemos
portanto 0 modelo com invertebrado (Lepidoptera) Galleria mellonella, método alternativo ao
modelo murino, para avaliar o potencial de viruléncia dos agentes da criptococose (Garcia-Rodas
etal., 2011; Garcia-Solache et al., 2013).

Mylonakis e Col. (2005), Trevijano e Col. (2015) e Benaducci e Col. (2016) utilizaram o
modelo G. mellonella para avaliar a viruléncia de isolados clinicos (VNI, VGII e H99), além de
Firacative e Col. (2014) em estudo comparando os subtipos de C. gattii (VGII-VGIV), incluidos
sete isolados ambientais (Mylonakis et al., 2005; Firacative et al., 2014; Trevijano-Contador et
al., 2015; Benaducci et al., 2016). No presente estudo comparamos a sobrevida de G. mellonella
inoculada exclusivamente com isolados da poeira domiciliar e observamos que tanto VNI e VGII
tinham potencial de viruléncia

Portanto, subtipos como ST7 e ST20 (VGII) comprovadamente virulentos por estarem
relacionados a surto em humanos e animais, demonstraram seu potencial através do modelo G.
mellonella utilizado no presente estudo. Demais subtipos novos encontrados na poeira domiciliar
com ex: VGII (ST445) estdo associados a criptococose em pessoas com HIV. Estes aspectos sdo
comentados no artigo em fase final de redacdo: “Virulent strains of the agents of cryptococcosis
in indoor dust from a micro-region of Rio Negro, Amazonas, Brazil - New evidences and big
challenges”.

Sabendo-se que a criptococose € uma micose com porta de entrada respiratoria, pela
inalacdo de esporos, € possivel imaginar que a recombinacdo e diversidade genética podem
contribuir para viruléncia desses agentes. Existia alguém doente, alguma evidéncia de surto,
paciente assintomatico ou oligossintimatico na area de estudo?

O primeiro projeto voltado para essas perguntas e a primeira proposta de doutorado foi
“Estudo da infecgdo por Cryptococcus spp em criangas e investigacdo de fontes ambientais de
agentes da criptococose no municipio de Santa Isabel do Rio Negro, Amazonas, Brasil’.

Particularmente na Amazonia, observa-se elevada ocorréncia de criptococose em criangas sem
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HIV negativo por C.gattii apontando um aspecto epidemioldgico distinto e ndo descrito em
outras regides do mundo (Freire et al., 2012).

Segundo dados do IBGE-2017 da pirdmide de faixa etéaria, Novo Airdo, Barcelos e Santa
Isabel do Rio Negro, apresentam uma grande populacdo na faixa de 0-14 anos de idade. O
predominio de uma populacdo de criangas e um padrdo endémico dos agentes da criptococose
nessa regido incentivou a busca de casos sintomaticos, assintomaticos e oligossintomaticos de
criptococose. Como buscar esses casos de criptococose no interior do estado do Amazonas e que
ferramenta utilizar.

O Cryptococcus Teste Rapido CrAg-LTF (Lateral Flow Assay) € um método
imunocromatografico que utiliza o sistema sanduiche para detectar o antigeno das espécies C.
gattii e C. neoformans. O teste CRAG® realizado no soro/plasma ou sangue total, pode servir como
uma ferramenta de rastreio para a doenca criptocécica, e a utilizacio do CRAG® como triagem em
pacientes com CD4< 100 células/mm? tem sido proposto para diagndstico precoce da criptococose
principalmente em regiGes com limitacOes laboratoriais, visto que esse exame e de facil execucdo
(Pongsai et al., 2010). A urina no primeiro momento era um desafio para detec¢do do antigeno,
por apresentar um baixa especificidade. A otimizacdo do teste, com o aumento da especificidade
sem perder a sensibilidade, realizando um simples aquecimento a 100°C/5m, foi um grande
avanco para o rastreio da criptococose em criangas na faixa etaria de 0-14 anos de idade nessa
regido, devido a facilidade de obter esse material, além da capacidade de detectar rapidamente o
antigeno criptococico nesses individuos. Infelizmente, ndo foi possivel realizar esse projeto,
mesmo o nosso grupo sendo contemplado pelo “Auxilio Basico a pesquisa-APQ1 2014-02
FAPERJ”. Mesmo ndo sendo possivel realizar essa proposta inicial, ndo poderiamos desistir,
visto que: O estudo da criptococose dirigido a individuos nativos ou moradores de regibes
endémicas em nosso pais constituia um desafio considerando que a criptococose, apesar de ser
emergente e causar elevada letalidade sob forma de meningite, ndo é notificada no Brasil.

Mediante os achados e publica¢des na microrregido do Rio Negro, além de relatos dos
proprios moradores dessa regido “Perguntando sobre os resultados das pesquisas anteriores
realizadas na mesma area de estudo”, nosso grupo foi estimulado a criar uma nova proposta
voltada para a comunidade. Aproveitando o edital 2018 “Apresentacdo de Propostas para Projetos
de Divulgacdo Cientifica” elaboramos o projeto “Vigilancia epidemiologica dos agentes da
criptococose na microrregido do Rio Negro, Amazonas, Brasil” que tinha como objetivo:

Elaboracdo de informe técnico sobre a ocorréncia dos agentes da criptococose em fontes
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ambientais para cada municipio. Nesse documento foram expostos 0s achados para a secretaria
de salde de cada municipio, alertando sobre a ocorréncia dos agentes da criptococose isolados a
partir de fontes ambientais, e como proposta de vigilancia foram informadas as possiveis
consequéncias sendo fornecidos subsidios técnicos para tomada de decisdo. Foi confeccionado
também um informativo popular (Folder informativo) sobre a criptococose e seus agravos. Esse
folder informativo voltado para comunidade com uma linguagem popular, tinha como principal
objetivo apresentar a doenca & populacdo. As pesquisas que envolvem seres humanos necessitam
atender a alguns fundamentos éticos e cientificos pertinentes, como o0 de assegurar aos
participantes da pesquisa 0s beneficios resultantes do projeto, ou seja, o retorno social (BRASIL,
2012). N&o existem, até o momento, relatos de proposta de um modelo de vigilancia da
criptococose, voltada para areas endémicas no Brasil. O Canada, apds o surto de Vancouver,
colocou a criptococose como doenca de notificacdo e até hoje tem um modelo de vigilancia
preventiva para evitar novos surtos (BC Centre for Disease Control).

Nos dltimos anos, o termo One Health (Satde Unica) vem ganhando espaco cada vez
maior dentro das discussdes cientificas que tratam de questdes ligadas a satde e epidemiologia.
Ressalta-se a integracdo entre a salde humana, a saude animal, o ambiente e a adocao de politicas
publicas efetivas para prevencdo e controle de enfermidades trabalhando nos niveis local,
regional, nacional e global (Davis et al., 2017). Com o estudo na microrregido do Rio Negro, foi
possivel integrar a salde humana com a proposta da implementacdo do CrAg na urina para
diagnosticar casos precoces de criptococose. Quanto ao ambiente “indoor environment”
identificamos e confirmamos o potencial de viruléncia dos principais agentes da criptococose na
poeira domiciliar. A adoc¢do de politicas publicas foi sugerida através da proposta de vigilancia
desses agentes na area de estudo. De fato ndo foi possivel estudar a saude animal nesta regido,
porém identificamos em outro estudo na regido sudeste 2 casos autdctones de felinos com
criptococose por C. gattii VGII até entdo somente endémico na regido norte e nordeste
(Apéndice B). Seriam esses felinos sentinelas dos agentes da criptococose no ambiente
domiciliar? Portanto, o conceito de saude Unica para os agentes da criptococose pode ser uma

estratégia promissora na regiao rural e nos grandes centros urbanos.
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8-CONCLUSOES

e C. gattii VGII e C. neoformans VNI estdo presentes no ambiente da microrregido do Rio Negro
no estado do Amazonas, especificamente em poeira de domicilios e dos postes de madeira

estudados nesta regido.

e Mesmo sem a evidéncia de casos de criptococose em humanos, C. gattii VGII e C. neoformans
VNI foram isolados do ambiente e apresentaram potencial de viruléncia em modelo alternativo,

in vivo, Galleria mellonella.

e Os principais subtipos moleculares globalmente conhecidos de C. gattii VGII (ST7 e ST20) e C.
neoformans (ST5 e ST93) estdo presentes na poeira dos domicilios da microrregido do Rio

Negro.

o A populacéo de C. gattii da microrregido do Rio Negro apresenta elevada diversidade genética,

enguanto que C. neoformans possui significativa clonalidade.
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9-PERSPECTIVAS

¢ O retorno aos municipios da microrregido do Rio Negro se faz necessario, para divulgacdo dos

resultados da pesquisa.

e A investigacdo da qualidade do ar domiciliar das casas positivas e negativas, utilizando
amostradores de particulas vivas para coletar e analisar 0os agentes da criptococose nessa regiao
€ necessaria para investigar a carga flngica a qual as pessoas estdo expostas.

e A realizacdo de pesquisa de antigeno e anticorpo dos agentes (ELISA) da criptococose nos
moradores da microrregido € necessaria para deteccdo precoce de casos assintomaticos ou

oligossintomaticos.
e Ampliar o estudo para Sdo Gabriel da Cachoeira.
e Aplicar o conceito “One Health” na regido, avaliando possiveis casos de criptococose animal.

e Ampliar os estudos da viruléncia dos isolados de C. gattii e C. neoformans da microrregido do
Rio Negro, para entender o porqué de isolados virulentos ndao estarem causando doenga como

ocorreu na ilha de Vancouver no Canada.
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Abstract

Cryptococcus neoformans and Cryptococcus gattii are responsible globally for almost one
million cryptococcosis cases yearly, mostly in immunocompromised patients, such as those
living with HIV. Infections due to C. gattii have mainly been described in tropical and sub-
tropical regions, but its adaptation to temperate regions was crucial in the species evolution
and highlighted the importance of this pathogenic yeast in the context of disease. Crypto-
coccus gattii molecular type VGII has come to the forefront in connection with an on-going
emergence in the Pacific North West of North America. Taking into account that previous
work pointed towards South America as an origin of this species, the present work aimed to
assess the genetic diversity within the Brazilian C. gattii VGII population in order to gain
new insights into its origin and global dispersal from the South American continent using the
ISHAM consensus MLST typing scheme. Our results corroborate the finding that the Brazil-
ian C. gattii VGII population is highly diverse. The diversity is likely due to recombination
generated from sexual reproduction, as evidenced by the presence of both mating types in
clinical and environmental samples. The data presented herein strongly supports the emer-
gence of highly virulent strains from ancestors in the Northern regions of Brazil, Amazonia
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and the Northeast. Numerous genotypes represent a link between Brazil and other parts of
the world reinforcing South America as the most likely origin of the C. gattii VGII subtypes
and their subsequent global spread, including their dispersal into North America, where
they caused a major emergence.

Author Summary

Cryptococcus neoformans and Cryptococcus gattii are fungal agents responsible globally for
almost one million cryptococcosis cases yearly, mostly in immunocompromised patients,
such as those living with HIV. Cryptococcosis is a life-threatening mycosis, frequently
causing meningoencephalitis. Infections due to C. gattii were originally described in tropi-
cal and subtropical regions, but its adaptation to temperate regions was highlighted by the
emergence in the Pacific North West of North America by C. gattii molecular type VGII.
The present work aimed to assess the genetic diversity within the Brazilian C. gattii VGIL
population to gain new insights into its origin and global dispersal from the South Ameri-
can continent using the ISHAM MLST consensus typing scheme. Our results corroborate
that the Brazilian C. gattii VGII population is highly diverse, and strongly supports the
emergence of highly virulent strains from ancestors in the Northern regions of Brazil.
Numerous genotypes represent a link between Brazil and other parts of the world, and the
isolates from the transitional ecological area in Northeast Brazil are the most likely ances-
tor lineages, translocating from caatinga/cerrado by adapting progressively throughout
Amazonia in South America, and spread to the North American Pacitfic Northwest region
and other parts of the world on multiple occasions.

Introduction

Cryptococcosis is a life-threatening mycosis with high lethality rates, especially in underdevel-
oped countries [1]. Infection occurs via the respiratory route by inhalation of infectious propa-
gules (desiccated yeast cells or basidiospores) of Cryptococcus neoformans and C. gattii,
frequently spreading to the central nervous system causing meningoencephalitis, with a lethal-
ity rate of up to 70% within three months after diagnosis [L, 2]. C. neoformans is a cosmopoli-
tan and primarily opportunistic agent, comprising the major molecular types VNI, VNII
(VNB), VNIII and VNIV. By contrast, C. gattii infects mainly otherwise immunocompetent
hosts, although a previous study suggests that some immune profile deficiency not detected by
routine tests may predispose immunocompetent individuals to meningoencephalitis by C. gat-
tii [3]. Besides the well-known outbreak in North America, C. gattii infections occur in large
areas of the Amazon region and in the semi-arid Northeast region of Brazil [4, 5, 6, 7], being
the major molecular types VGI, VGIL, VGIII and VGIV. The molecular types of both species
have been recently described as new species [8]. To enable a clear connection to previous
published work this report maintains the two species concept with its molecular type-based
nomenclature.

C. gattii VGI and VGIIT had been the primary cause of human and animal infections until
1999 in North America, when isolates of the molecular type VGII were reported as the cause of
an outbreak affecting hundreds of healthy humans and animals in British Columbia, Canada.
This outbreak lineage subsequently spread to the Pacific Northwest (PNW) of the USA in the
following years [9]. Alternatively, based on one clinical case reported from the 1970s, which
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described a VGII isolate NIH444 from Seattle (USA), it could be suggested that the VGII out-
break lineage was already present in the temperate region several decades before its emergence
on Vancouver Island [10]. However, the genotype of this isolate is very different from the Van-
couver Island outbreak lineages [11] making in unlikely to be the source of the Vancouver
Island outbreak.

Later on, PCR-fingerprinting, Amplification Fragment Length Polymorphism (AFLP) anal-
ysis and Multilocus Sequence Typing (MLST) identified three distinct clonal lineages (sub-
types) responsible for the majority of cases in the PNW [9, 12]: VGlIa, the most common
genotype, VGIIb, the less common [13], and VGIIc, a subsequently identified genotype with a

confined geographic distribution [12]. Following this, the ISHAM working group of the Inter-
national Society for Human and Animal Mycology (ISHAM) on genotyping of C. neoformans
and C. gattii proposed a standardized MLST scheme, using six housekeeping genes and the
IGS1 region as method of choice for strain subtyping to obtain comparable subtyping results
worldwide [14]. MLST confirmed the same three major genotypes within North America

[1L, 15].

The emergence of infections by C. gattii VGII in temperate regions initiated a pursuit of the
origin of the Vancouver Island outbreak strains. One hypothesis is the occurrence of same-sex
mating from an Australasian population, giving rise to a virulent genotype, which was subse-
quently dispersed [16, 17]. However, a study using coalescence gene genealogy, phylogenetic
and recombination analysis suggested that it may alternatively have emerged from a highly-
recombining C. gattii population in the native rainforest of Northern Brazil, subsequently dis-
persed out of the original tropical area, reaching North America [18]. Similarly, two recent
population genetic analyses using Single Nucleotide Polymorphism (SNP) analysis based on
whole genome sequence data provided additional evidence that the PNW strains originated
from South America [11, 16].

Based on the above mentioned findings the present work aimed to assess the genetic vari-
ability within the Brazilian VGII population and to gain new insights related to the population
structure, its origin and global dispersal from the South American continent.

Methods
Isolates

One hundred and forty five Brazilian clinical and environmental isolates of the major C. gattii
molecular type VGII identified by URA5-RFLP analysis [19] stored in the Culture Collection of
Pathogenic Fungi, at the Oswaldo Cruz Foundation, Rio de Janeiro, and in the Research Collec-
tion of the Adolf Lutz Institute, Sdo Paulo, Brazil were studied retrospectively. In addition to
the Brazilian isolates, 42 published sequence types (STs) from Brazil and other countries, repre-
senting all previously published VGII sequence types, maintained in the MLST database (mlst.
mycologylab.org), were used for comparison, in order to place the Brazilian population in an
international context. For isolate information, see S1 Table.

MultiLocus Sequence Typing (MLST)

The molecular subtypes and the genetic diversity of the Brazilian C. gattii VGII isolates were
investigated using the ISHAM MLST consensus scheme for C. neoformans and C. gattii [14].
Seven unlinked genetic loci were amplified, including the genes CAP59, GPDI, LACI, PLBI,
SODI and URAS5 and the IGS1 region, using the published PCR conditions for all seven loci
[14]. The sequences were manually edited using the software Sequencher 5.3 (Gene Codes Cor-
poration, MI, USA) and aligned using MEGA 6.06 [20]. The allele types and the sequence
types (ST) were identified via sequence alignments against the C. gattii MLST database
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available at http://mlst.mycologylab.org/. The sequences ot all newly identified allele types have
been submitted to the C. gattii MLST database and GenBank.

Phylogenetic analyses

In order to infer the phylogenetic relationships of the isolates, the best evolutionary model for
concatenated sequences of the seven loci was selected using the software jModelTest 2.1.7 [21,
22| applying the corrected Akaike Information Criterion (AIC) and/or Bayesian information
criteria (BIC). The model K80 + I + G with Ti/Tv: 3.4548 and gamma shape 0.4430 [23] was
the best model for the concatenated dataset, which was then used in the software MEGA 6.06
[24] to construct an unrooted Maximum Likelihood (ML) phylogenetic tree. In addition, the
dataset was submitted to Neighbour Joining (NJ) analysis based on the K80 [23] model and
Maximum Parsimony (MP) based on the nucleotide substitution model and using the Subtree-
Pruning-Regrafting (SPR) algorithm [11]. For the ML and MP methods, all sites were included
in the analysis while for NJ, all positions containing alignment gaps were eliminated. Bootstrap
analysis using 1,000 replicates was used to estimate support for the identitied clades of the con-
catenate dataset in all analysis.

The minimum spanning tree using the goeBURST algorithm in the PHILOVIZ software
(http://www.phyloviznet/wiki/) [25] was generated from concatenated sequence regions to

visualize the relatedness of the C. gattii isolates with their region of origin. The diagrams show
where the ST differs in the single locus variant (SLV), double locus variant (DLV), and triple
locus variant (TLV), respectively. A clonal complex (CC) concept was adopted when a SLV
linkage with the founder ST was found [24, 25].

Population structure

In order to better understand the correct number of C. gattii VGII populations (K) that were
geographically homogeneous and maximally differentiated from each other, and to evaluate
the presence of immigrant individuals with respect to their geographical population, we used a
Bayesian statistical model [26], which calculates the membership coefficient to each of the pop-
ulation using the software STRUCTURE 2.3.4, available at http://pritchardlab.stanford.edu/
structure.html [27]. Twenty runs were performed for each value of the number of populations
(K) ranging from 1 to 10. Each run consisted of Markov-chain Monte Carlo (MCMC) simula-
tions of 1,000,000 interactions with a burn-in period of 100,000 generations. The model

selected was Admixture model that takes into account the presence of migrants in the popula-
tion. The actual number of K was calculated using the average and standard deviation of cach
Kusing the ad hoc statistic of the software Structure Harvester available at http://taylor0.
biology.ucla.edu/structureHarvester/ [28]. The results of the coefficients of the optimal K were

graphed using the software Clumpp version 1.1.2 available at https://web stanford.edu/group/

rosenberglab/clumpp.html [29] and Structure plot [30].

Recombination, clonality and nucleotide diversity analysis

The software DnaSP 5.10 (http://www.ub.edu/dnasp/) [31] was used to analyse the haplotype

diversity (Hd) and nucleotide diversities. The presence of recombination in the dataset was
checked by phylogenetic compatibilities of nearby polymorphic sites along single and
concatenated sequences in the software SplitsTree v. 4.13.1 (http://www.splitstree.org/) [32].

Recombination events can be visualized by the formation of parallelograms between the neigh-
bours using the reticulated algorithm NeighborNet. The Pairwise Homoplasy Index (PHY) test
implemented in SplitsTree v. 4.13.1 and the pairwise linkage disequilibrium (D) available in

the software DnaSP v. 5.10 were also used to detect the presence of recombination. T'o perform
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the recombination analysis, the optimal molecular evolutionary model per gene was selected in
the software jModelTest 2.1.7 as described above for the phylogenetic analysis and applied in
the software Splitslree v. 4.13.1. Thus, the parameters were used as follows: CAP59: K80 + I,
Ti/Tv: 31.3584, and pinv: 0.9740; GPD1: K80, Ti/Tv: 2.7548; IGS1: F81; FA (0.2655), FC
(0.1533), FG (0.2906), F1' (0.2903); LACI: K80, Ti/Tv: 3.0044; SODI: K80 + I + G, Ti/Tw:
1.8129, pinv: 0.9360, and alpha: 0.7400; URAS5: |C; PLBI: F81, FA (0.2336), FC (0.2036), FG
(0.2908), and F'T (0.2725).

The standard index of association (I) is a measure of linkage disequilibrium of genotypes
and/or population [33]. This test checks the null hypothesis of linkage equilibrium and p
<0.05 indicates that the null hypotheses of linkage equilibrium should be rejected, which
means that the population is under clonal reproduction. In this study we applied also the
standardized Ly (L) with 10,000 randomizations available in the program LIAN 3.5 (http://
guanine.evolbio.mpg.de/cgi-bin/lian/lian.cgi.pl) using both the parametric method and

the Monte Carlo simulation for the concatenated dataset to infer the presence of linkage
disequilibrium.

Mating typing

The mating type was characterized by PCR of the pheromone genes using primers specific for
MATalpha, MFalfaU (5 TTCACTGCCATCTTCACCACC 3’) in combination with MFalfal
(5" TCTAGGCGATGACACAAAGGG 3’); and for MATa JOHE9787 (5 ACACCGCCTGT
TACAATGGAC 3°) in combination with JOHE9788 (5 CAGCGTTTGAAGATGGACTTT 3°)
[34]. Amplifications of the pheromone genes MATalpha and MATa were performed indepen-
dently, in a final volume of 50uL containing 50 ng of DNA, 1X PCR buffer [200 mM Tris- HCI
(pH 8.4), 500 mM KCl—Invitrogen], 0.2 mM each of dATP, dCTP, dGTP, and dTTP (Invitro-
gen), 2 mM magnesium cloride, 2.5 U Taq DNA polymerase (Invitrogen), and 50 ng of each
primer. The amplification was carried out in a thermocycler (Eppendorf mastercycler gradient,
California, USA) at 95°C for 3-min initial denaturation, 30 cycles at 94°C for 1 min, annealing
at 57.5°C for 1 min, extension at 72°C for 1 min, and a final extension at 72°C for 7 min. The
unique fragment corresponding to each mating type was visualized after 3% agarose gel electro-
phoresis at 100 V.

Results
Genetic variability and regional distribution in Brazil

A total of 145 C. gattii VGII isolates, including 127 clinical and 18 environmental isolates, col-
lected between 1989 and 2010 in 4 out of the 5 Brazilian regions: 1. Northeast (n = 39), includ-
ing isolates from Piaui (PI) and Bahia (BA); 2. North (n = 38), including isolates from Pard
(PA), Amazonas (AM) and Roraima (RR); 3. Southeast (n = 59), including isolates from Rio de
Janeiro (R]) and Sao Paulo (SP); and 4. Central-West (n = 9), including isolates from Mato
Grosso do Sul (MS). No VGl isolates were collected in the South region (Rio Grande do Sul,
Santa Catarina and Parand) of the country. The individual isolate data are in S1 Table.

MLST analysis identified 24 allele types for the CAP59 locus, 13 for GPDI, nine for LACI,
11 for PLB1, 38 for SODI, eight for URAS and 34 for the IGSI region. Based on the combined
analysis of the seven loci, a total of 81 sequence types were observed (Lable 1, 51 'Table), with
100 polymorphic sites detected in 4,186 sites analysed. The haplotype diversity (Hd) of all
strains was equal to 0.978, revealing a high genetic variability among the Brazilian C. gattii
VGII strains. All Brazilian regions showed high haplotype diversity, with the highest one found
in the Northeast (NE) region (Hd = 0.981) with 31 §Ts, and the lowest one in the Central-West
(CW) region (Hd = 0.889) with five STs (L'able 1).
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Table 1. Characteristics of the studied Brazilian regions.

Region (studied States*) |# of Isolates |# of Sequence Types |# of Polymorphic Sites |Haplotype Diversity (Hd) |Nucleotide Diversity (1r)
Central-West (MS) 9 5 34 0.889 0.00353
Northeast (PIl, BA) 39 31 68 0.981 0.00328
North (AM, PA, RR) 38 20 55 0.905 0.00296
Southeast (RJ, SP) 59 33 68 0.944 0.00334
Total 145 817 100" 0.978 0.00349

*MS, Mato Grosso do Sul; PI, Piaui; BA, Bahia; AM, Amazonas; PA, Para; RR, Roraima; RJ, Rio de Janeiro; SP, Sao Paulo.
TThe repeated sequence types from different regions are not included in the total number.

doi:10.1371/journal pntd.0004 885.1001

The genetic relationships of the obtained MLST genotypes may be separated into two main
groups, the first one with 35 ST, including the VGlIa sub-genotype (§120, major outbreak
genotype on Vancouver Island), and the second one with 46 STs, including the VGIIb sub-
genotype (ST7, globally present and minor outbreak genotype on Vancouver Island). No iso-
lates of the third North American sub-genotype VGIIc (ST6) were identified in Brazil, but a
closely related sequence type ST272 (strain 438BP) from MS, the CW region of Brazil was iden-
tified (Fig 1).

Among the 81 sequence types identified in Brazil, 54 are represented by a single isolate. The
most frequent subtype, ST40, accounts for 13 isolates found in the Central-West (CW) and
Southeast (SE) regions, followed by S1T20 (VGlla) and ST'5, which contained nine and seven
isolates, respectively (S1 Table). In general, the different regions harboured different genotypes.
The majority of the sequence types (n = 73) are unique for each of the Brazilian regions ana-
lysed. Only six sequence types were identified in more than one region (S§T20, ST28, ST40,
ST133,S8T185 and ST287) (S1 Table, Fig 2A).

The regional distribution of the ST's within the regions was also evaluated with the goe-
BURST analysis including all 145 C. gattii isolates from this study, and another nine different

Brazilian STs obtained from previously published data (S1 Table, Fig 2A). In this analysis, 9
clonal complexes (CC) were identified (e.g. 9 groups presenting SLV). Clonal complex CC 278
is composed of the clinical sequence type ST278, isolated from a patient in Piaui, ST7 isolated
from clinical and environmental samples from Amazonia, and ST124, isolated from clinical
and environmental samples from Piaui state. ST278 seems to play an important role in the epi-
demiological distribution of C. gattii due to its link with the less virulent ST7 (VGIIb). In addi-
tion, three main groups are linked to CC 278: 1) ST301 and all its descendants, mainly present
in the SE region of Brazil, which is a triple-locus variant (TLV) (1GS1, PLBI, URAS5 allele) of
ST124;2) ST277 and all its descendants, mainly present in the North (N) region of Brazil,
which is a double-locus variant (DLV) (GPDI, PLB1) of ST7 (VGIIb); and 3) ST281 and all its
descendants, a mixed group of strains from all regions of the country, which is a TLV (IGS1,
PLBI, SOD1 allele) of ST278. The important role played by ST278 isolated from the semi-arid
NE region was confirmed after addition of 34 STs from other countries (Fig 2B).

Within the above mentioned three main groups, some representative clonal complexes can
be identified: Clonal complex 40, composed of the ancestor ST40, which is the dominant ST in
the SE and CW regions of Brazil, isolated from 13 clinical samples from Sao Paulo, Rio de
Janeiro, and Mato Grosso do Sul, and its two single-locus variants (SLV) (§1325 and §1313),
both isolated from clinical samples. Clonal complex 5 is represented by the ancestor ST5 and
constituted of eight clinical and environmental isolates from the North of Brazil. The other
three SLVs of ST5 are ST265, ST288, and ST296, all isolated from clinical and environmental
samples. Clonal complex 20 is represented by tive STs (§120, ST122, §T252, §T266 and
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Fig 1. Phylogenetic analysis of Brazilian Cryptococcus gattii VGll isolates inferred by maximum
likelihood (ML), neighbour-joining (NJ), and maximum parsimony (MP) methods using the
concatenated data set of the seven MLST genes. All Brazilian Sequence types (81) from this study and 42

additional Sequence types representing all previously published VGII sequence types maintained in the
MLST database (mlst.mycologylab.org) were included in the analysis. The tree with the highest log likelihood
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(-9194.7663) is shown. A discrete Gamma distribution was used to model evolutionary rate differences
among sites (5 categories [+G, parameter = 0.0500]). The rate variation model allowed for some sites to be
evolutionarily invariable ([+1], 6.6983% sites). The tree is drawn to scale, with branch lengths measuring the
number of substitutions per site. Codon positions included were 1st+2nd+3rd+Noncoding. There were a total
of 4,172 positions in the final dataset. Numbers at each branch indicate bootstrap values >50% based on
1,000 replicates by each of the three (ML/NJ/MP) algorithms which presented similar topologies. The taxa
nomenclature includes the sequence type number (ST), Mating Type (a or alpha), country of isolation and for
those isolates from Brazil the region of isolation [N = North, NE = Northeast, CW = Central-West, and

SE = Southeast], and source (E = environmental; all others are clinical). All country abbreviations are
designated according to the alpha-2 code of ISO 3166—1. AU: Australia, BR: Brazil, CA: Canada, CN: China,
CO: Colombia, CD: Democratic Republic of the Congo, CH: Switzerland, DK: Denmark, DE: Germany, ES:
Spain, FR: France, GF: French Guiana, GR: Greece, KR: Republic of Korea, SN: Senegal, TH: Thailand, US:
United States of America, UY: Uruguay.

doi:10.1371/journal.pntd.0004885.g001

ST267), being the ST20 (VGllIa) the founder ST of this complex and composed by isolates from
the SE and N (Fig 2A).

Population structure

In order to better understand the number of populations and their distribution throughout the
country, we applied the admixture model of Structure in our dataset and identified K = 3 popu-
lations (Fig 3A). A high proportion of admixture was observed in our sample (Fig 4A). One of
the populations, here presented in green, was mainly found in those States from the N/NE part
of the country while the population described in blue was mainly presented in the States of the
SE/CW part of the country, such as Sdo Paulo and Mato Grosso do Sul. The third population,
presented in red was found to be distributed all over the country and seems to act as an impor-
tant contributor of genetic material to the remaining populations. We then compared the 87
Brazilian isolates included in the 97 South American isolates, representing all STs obtained in
Brazil, with isolates recovered from different regions of the world in order to see how the Bra-
zilian population contributed to the global C. gattii VGII distribution, detecting K = 4 number
of populations (Fig 3B). In this analysis, a high proportion of admixture was also detected
within the whole population of C. gattii VGII and among the South American isolates one
more population was detected (here identified in yellow), which mainly derived from North
America, Asia and Australia (Fig4B).

Mating type and multilocus linkage disequilibrium

The majority of the isolates (129/145 = 89%) were identified as mating type alpha, 10% (15/
145) were mating type a, including 13 clinical and two environmental isolates, and one isolate
of clinical origin was mating type alpha/a (S1 Table).

Random mating can be evidenced by the linkage disequilibrium (D), converging to zero. The
SNPs present in the seven loci were used to detect the evidence of recombination separately.
Pairwise Linkage Disequilibrium (D) between SNPs suggested at least six recombination events
responsible for the polymorphism at the SODI locus and four at the CAP59 locus (D” < 0.2)
(Fig 5). The other five loci showed alleles in total disequilibrium (D’ = 1). The Brazilian VGII
isolates also showed evidence of recombination with a high degree of homoplasy demonstrated
by a Consistency Index (CI) 0of 0.27 (p<0.05) (Table 2).

In order to confirm these results we applied two other recombination tests to our dataset.
The strong reticulation in the networks and phi test implemented in the SplitsTree software for
the single sequences also indicate recombination within the Brazilian VGII isolates for CAP59
and SODI (p<0.05) (Fig 6). These results were confirmed in the concatenated data set with an
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Fig 2. Minimum spanning tree using the goeBURST algorithm. (A) Minimum spanning tree using the goeBURST
algorithm showing the high diversity identified among the 145 Brazilian Cryptococcus gattii VGl isolates and nine Brazilian
sequence types (ST) according to the state where they were recovered. Dividing the country in two macro regions such as
North (composing of the States of Amazonas, Roraima, Pard, Piaui, and Bahia) and South (States of Mato Grosso do Sul,
Sao Paulo, and Rio de Janeiro) three main groups can be identified: 1) isolates mainly recovered from the South, representing
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all isolates derived from the ST301; 2) isolates mainly recovered from the North, representing those originated from the ST7
(VGIIb), and 3) the mixed group, which contains isolates derived from ST281. The main clonal complexes (CC) in each of
these groups are: CC40, CC5, and CC20. The ancestors of the CC is highlighted by a black line. (B) Minimum spanning tree
using the goeBURST algorithm of the isolates presented in (A), and their comparison with 42 STs identified in different
countries previously published. All country abbreviations are designated according to the alpha-2 code of ISO 3166—1. In both
figures each circle represents a unigque ST, and the circumference is proportional to the number of isolates within each ST.
Solid, grey and dashed branches represent at least one, two to three, and more than four or five differences, respectively. All
STs are different VGII lineages, only the three PNW outbreak genotypes are labelled specifically as VGlla (ST20), VGIlb
(8T7), and VGlic (ST6).

doi:10.1371foumal.pntd.0004885.g002

1,5 value of 0.0407 and statistically significant for recombination (p<0.0001) in the Brazilian
population.

Discussion

Since the unexpected emergence of cryptococcosis caused by the VGII subtype of C. gattii in
temperate North America in 1999, it has been recognized as a major agent of severe pulmonary
and neurological infections in this region [reviewed in 36]. The North American cases of
human and animal cryptococcosis caused by distinct highly clonal populations (VGlla, VGlIb
and VGlIc) [11, 16] point to their capacity to emerge from original habitats to adapt and colo-
nize new environments and hosts, rapidly multiplying the new adapted populations.

The current study shows a high genetic variability amongst Brazilian C. gattii VGII isolates,
presenting 81 MLST STs in 145 clinical and environmental isolates. In addition, a high level of
haplotype diversity was observed, while also demonstrating a high degree of homoplasy, with
the Consistency Index suggesting the absence of a selective genetic pressure. The patterns of
the polymorphisms identified among the Brazilian strains surveyed in this study indicated a
history of recombination for the genetic loci CAP59 and SOD1 (Figs 5 and 6, Table 2), which
contributed to the haplotype diversity observed. The fact that both mating types were present
among the clinical and environmental Brazilian VGII isolates, with 10% of them being mating
type a, emphasizes that recombination events are likely to occur in Brazil, leading to the great

A B
DeltakK = mean(IL.(K)) / sd(L(K)) Deltak = mean(IL.(K)]) / sd(L(K))
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Fig 3. Number of populations using in the STRUCTURE analysis calculated according to [35]. The results presenting in (A) show three populations
in the Brazilian Cryptococcus gattii VGl and in (B) show four populations in the STs identified in different countries previously published and in Brazil.

doi:10.1371/journal pntd.0004885.9003
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Fig 4. Population structure analysis inferred using multilocus sequence genotypes of Cryptococcus gattii isolates recovered from
Brazil and using K = 3 (A), and comparison of these isolates with isolates recovered from different continents using K = 4 (B). Clusters
of individuals based on prior-defined populations are referred according to the Brazilian States and/or Continent. Each vertical line represents
one of the isolates included and each color (red, dark blue, dark green, and yellow) represents the most likely ancestry of each isolate from one
of the three populations (A) or four populations (B). Individuals with multiple colours have admixed genotypes from the prior-defined
populations. One clone per region was included, thus Figure A contains 100 isolates while Figure B contain 125 isolates. The taxa
nomenclature includes AM: Amazonas, PA: Para, Pl: Piaui, RR: Roraima, BA: Bahia, ES: Espirito Santo, RJ: Rio de Janeiro, MS: Mato Grosso
do Sul, AS: Asia, AU: Australia, AF: Africa, SA: South America, NA: North America, EU: Europe.

doi:10.1371/journal.pntd.0004885.9004

variability/high genetic diversity observed. These findings are also reinforced by the mosaic of
multiple small chromosomal chunks presented in most of the isolates studied (Fig 4). Recombi-
nation amongst VGII genotypes has also been detected previously at global [15, 37] and local
[38, 39] scales. Although limited number of isolates have been analysed and a very limited
number of sequence types have been identified [13, 39, 40], they already indicated the occur-
rence of high molecular polymorphisms in South American Cryptococcus strains.

Despite the high genetic diversity in the Brazilian C. gattii VGII population, nine clonal
complexes were found. Some are represented by very common and trequently recovered ST's
in clinical and environmental samples (e.g. ST20-VGlIla, ST40, and ST5). The persistence of
successful ST's, which are stable in space and time and most significant in cases of widespread
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Fig 5. Linkage disequilibrium heat maps between polymorphic sites for all studied MLST loci (CAP59, GPD1,PLB1,S0D1,1GS1,LACT and
URAS). Pairwise D’ metricises are represented by heat colours (Colour Key). Recombination amongst Brazilian VG| strains has been shown, as
evidenced amongst four sites (0.7%) in the locus CAP59 and six sites (0.8%) in the locus SOD1 (Fisher's Exact Test P-value < 0.05).

doi:10.1371/journal pntd.0004885.g005

adapted clones, may follow the features of clonal evolution which is defined as strongly
restrained recombination [41]. This has been described for several microorganisms, in bacte-
ria [42], protozoa [43], and fungi [44]. Linked populations have been identified as most likely

being stepping stones in the global spread of VGIL. Analysis of VGII in Australia [39] identi-
fied six sequence types (S17 (VGIIb), ST38, 15, ST21, §T33 and 5T48), suggesting an intro-
duction into Australia, which created a possible founder effect followed by a clonal expansion
of the subtypes. In Thailand, the majority of the C. gattii isolates belonged to the sub-genotype
VGIIb (11 out of 12) [45], suggesting again a clonal expansion of this subtype.

Despite some well-adapted clonal isolates, the herein described population is recombining,
The evolutionary processes, sex crossing and consequently recombination, generates new
combinations of genes, some of which may increase adaptation of the population to harsh envi-
ronments to increase the chance of their survival [41]. On the other hand, DNA repair is a rea-
sonable explanation for the high rate of recombination in diploid and haploid organisms, and
could be an ancestral mechanism of general sexuality [46]. As recombination acts as ancient

Table 2. Characteristics of the MLST Loci studied in 145 Brazilian C. gattii VGll isolates.

Locus Length Polymorphic sites Recombining position phi test
CAP59 557 13 (7,79), (79,220), (334,424), (460,487) 0.005
GPD1 550 12 - 1.0
IGS1 717 21 - 1.0
LACT 475 8 - 1.0
PLB1 535 12 - 0.236
SOoD1 713 27 (35,97), (97,211), (216,387), (396,435), (435,527), (527,705) 0.049
URA5 638 8 - 1.0

doi:10.1371/ournal.pntd.0004885.t002
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Fig 6. Split decomposition analysis using the Neighbor-net algorithm of the each of seven MLST genes
evidencing the diversity and branching ambiguities attributable to recombination events in the CAP59 and
SO0D1. The phi test resultimplemented in the software SplitsTree is presented next to each allele.

doi:10.1371/joumal.pntd.0004885.9006
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machinery of DNA repair, which is not only related to sexual reproduction, but also associated
with a fast and simple way of propagation observed in the clonal reproduction, it is an advantage
in overcoming the challenges of the environment [46, 47], with some of the well-adapted cells
could become more virulent pathogens to humans (e.g. outbreak strains), as the killing of the
host, in the case of an opportunistic Cryptococcus infection, will not interfere with fungal cell
propagation.

Although the Brazilian isolates do not show a very well established population structure
according to the geographic origin (Fig 4), we showed that the different Brazilian regions are
dominated by different genotypes (Fig 1). The six sequence types identified (Fig 2) in more
than one region may reflect the Brazilian human population migration patterns, e.g. as Sdo
Paulo and Rio de Janeiro (SE) are the biggest cities in the country, many people from other
regions migrate to the these regions to find greater and better work possibilities. In order to
check the influence of migration of C. gattii throughout the country, which could also be due
to human migration, the clone corrected dataset was submitted to the admixture model in
Structure and showed one basal population distributed all over the country (presented in red
in Fig 4), one mainly found in the N and NE part of the country (presented in green in Fig 4),
one more frequently found in the SE/CW region (presented in blue in Fig 4). Imported cases
between these populations and within each State were also found (Fig 4).

The subtypes VGlla and VGIIb, responsible for the outbreak on Vancouver Island, Canada
[13, 34] and the subsequent spread to the Pacific Northwest of the USA [9, 40] have been iden-
tified in the North of Brazil (Fig 2). The sequence type ST20 (VGIIa) shows a large scattered
distribution pattern in the Amazon region, with eight clinical isolates from the states of Para,
Amazonas and Roraima, and one environmental isolate from the state of Amazonas. In addi-
tion, three STs (ST122, ST266, ST267) linked to the clonal complex 20, mainly represented by
ST20 (VGlIa), were also found in the Amazon region. The high frequency of this complex in
the North may be related to a better adaptation/and or microevolution of these isolates to the
environment, although one isolate of ST20 and the only isolate of ST252 were found in the city
of Sao Paulo, which are most likely related to human migration processes. Imported cases
caused by this sequence type have also been described in patients who had visited Vancouver
Island from Denmark, Germany, Switzerland and the Netherlands [48, 49, 50] (presented in
yellow in Fig 4).

The sequence type ST7 (VGIIb) has been found all over the world, including: Australia,
Canada, China, Korea, Thailand and the USA [9, 17, 39, 45, 51, 52]. The Brazilian isolates of
the sequence type ST7 (VGIIb) were found in the state of Amazonas. Besides these two out-
break associated sequence types, three additional sequence types from other countries have
now been identified amongst Brazilian VGII strains, indicating further intercontinental spread
as had been previously described [52, 53]. These include ST5, which had been reported from
Australia [39], ST19, present in Greece [18, 54], and ST182, which has been found in France
and China [55]. MLST analysis provided further evidence for close relationships between

many Brazilian sequence types and the sequence types globally present (Fig 1). The sequence
types ST7 (VGIIb), ST20 (VGIIa) and ST5, are the three sequences types identified in the cur-
rent study which were also previously detected in dwelling dust samples and clinical specimens
in the Amazonas state (North of Brazil), reinforcing the possibility of indoor infection, espe-
cially in wooden houses, very common in the northern part of Brazil, which was originally sug-
gested by Brito-Santos et al. [56].

In the North and Northeast of Brazil, C. gattii behaves as an endemic fungal pathogen that
causes infection in apparently healthy individuals categorized as immunocompetent patients,
and the predominant VGII genotype has been recognized for at least the last 20 years among
clinical and environmental strains from those large regions [57]. The results here reinforce
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recent findings supported by MLST and whole-genome SNP analysis indicating that the North
American outbreak lineages, including the VGIIc genotype, which has only been found in the
Pacific Northwest of the USA [12] but is closely related to South American strains [21], have
most likely arisen from a highly recombining C. gattii population from South America, proba-

bly from the Amazon rainforest [12, 16, 18].

The detection of high genetic diversity amongst Brazilian C. gattii VGII isolates in the cur-
rent study strongly supports the possibility of the emergence of highly virulent strains in the
N and NE regions of Brazil, associated with different biotopes, one with extremely humid
forest in the North (the Amazon Forest) and the other with open and predominantly
dry savanna formations in Northeast (brushwood known as “caatinga”). Between them,
there is a transitional region, with overlapping areas of humid forest, less humid tropical
savannah (known as “cerrado”) then the dry caatinga, best observed in the states of Piaui and
Maranhao.

An important finding of the current study is the central role of the ST278, which is associ-
ated with a clinical isolate (CFP 243) from the state Piaui and other closely associated STs from
the same area. It shifts the global origin of C. gattii VGII, which was previously placed in the
Amazon region in the state Roraima (CFP 439/LMM645 from 1998), North of Brazil, by
Hagen et al. [18, 57] to the transitional ecological area in the Brazilian Northeast. Another very
close lineage to ST278 is the ST124 from Piaui, isolated from clinical samples and decaying
wood in tree hollows. One clinical sample was isolated from a case with cryptococcal meningi-
tis and the other was isolated from the spleen of an armadillo without any evidence of disease.
Thus, VGII has a potential wide host range, behaving as a multi-host pathogen. Protected
microenvironments, such as tree hollows or armadillo burrows in Piaui state, probably play an
important role in the C. gattii life cycle under such variable climatic conditions. These findings
show the ecological adaptability of VGII to spread to new habitats, allowing it to survive in dry
and humid warm or cold climate.

The Brazilian Northeast and North are large geographical regions, which have been subject
to extensive deforestation, leading to enormous landscape changes and the establishment of
new settlements, disturbing original communities and related habitats, and causing a large-
scale biodiversity loss. These habitat changes, shifts in species composition and other stress fac-
tors may affect the profile of C. gattii populations, inducing recombination events (and/or
hybridization). Human-induced land use and extensive trade of native wood from the Amazon
rainforest are also possible drivers of geographical dispersal of propagules, and consequently,
disease emergence events.

Taking into account that the present study has, like all previous studies, a possible sampling
bias, over-representing some STs while others are underrepresented, it is necessary to suggest
further studies investigating other ecological niches, such as a variety of human inhabited
places as well as environmental samples from other tropical countries.

The results indicate that the isolates from the transitional ecological area in Northeast Brazil
are the most likely ancestor lineages, translocating from caatinga/cerrado by adapting progres-
sively throughout Amazonia in South America, and spread to the North American Pacific
Northwest regions and other parts of the world on multiple occasions. This picture is intrinsi-
cally related to climatic changes and devastating human activities globally. Therefore, a multi-
focal origin for the outbreak lineages of cryptococcal infections must be considered.
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Two cats infected by C pastdl, presented lesions on the nasal region and rspiratory signs. Strains were typed a5
malecular type VG, mating type alpha, MIST subtypes ST442 amd ST185. Since Rio de Janeino is known 2 an
endemic area for O aeaformans VNI these cases might be a waming for a possible emergence of C patdi VGITin

1. Introduction

Cryptococcosis is a worldwide- distributed fungal dizesse of humans
and animals caused by members of the Cryptococcus neoformans and
Cryptococoes gemii complexes [1]. Both species have been reported to
infect domestic pets, livestock, & well az binds and aquatic mammals
[Z]. Since 1999, the C. gardi molecular type VGIL has emerged as an
important pathogen of humans and animak as result of the first multi-
species outbreak of aryptotoccods in British Columbia, Canada [3]. In
the Morth (M) and Northeast (NE) regions of Brazil, €. gomii mainly the
molecular type VGLL prevaik as the cause of eryptococcal meningitis in
children and young adults, & well as in several environments, like
domiciliary dust, soil, and trees. However, in the southern regions of
the country, C. meoformans predominates and infections by . geod
VGII are rare and wsually considered as imported cases [4].

Cryptococcosis is the most eommaon gystemic mycosis in cats. These
animals were found to be particularly more susceptible to infections by
. neoformans than dogs in studies conducted in Westemn Australia [5].
Feline eryptococeosis is frequently reported in Australia, Canads and
the United States [5].

In Brazil, very few animal cases of crypiococcosis have been docu-
mented [7,8] and most of them do not discriminate the camsative spe-
cies complexes: C. meoformans from C pord. We describe herein twao

cases of feline cryptococcosis due to O gomld in the state of Rio de Ja
neiro, southeast Brazil, forusing on the differentisl diagnods, treatment
and clinical outcome, along with the phenotypic identification, maole-
cular typing and in vire antifungal susceptibility of the agents. Maore-
over, a role for these animals in aryptococcosis within the concept of
One Health iz diseussed.

2, Case presentations

Twao cats with suspicion of cryptococoosis based on clinical dgns
and pesitive eytopathological examination, were referred to a reference
center for fungal diseases in animals in Rio de Janeiro, southeast Brazil.
The cat from case 1 was a 4-year-old female eross-breed cat, castrated,
weighing 3.3 kg. At the clinical examination, this cat presented a firm
subrutaneous swelling over the forehead, bilateral ocular seropurulent
segretion, and polyplike mas in the nostrik. Dyspnea and nasal dis
charge were also observed (Fig. 1a). Exudate from the lesion located on
the forehead obtained by aspimtion was collected for cytopathological
examination. Yeasts suggestive of Crypoosccus spp. were observed in
Panoticstained smears. Exudate from the same lesion and secretion
from the nasal cavities obtained with a swab wem seeded on to S&
bouraud-dextrose agar. The physologic characterization was per-
formed as follows the izolated yeasts were tested for thermatolerance
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Fig. 1. Cse 1.A) Gt pr

inga fimm sub
after the dissppesrsmce of all the clinical signs initially

d, which

swelling over the forehesd, bilateral ocular seropurulent secretion, and polyp-like mass in the nostrils. B) Case 1

d after six hs of fiu

at 37 °C, melanin production on Niger seed agar, and assimilation of
carbon and nitrogen compounds. The species complexes C. neoformans
and C. garai were differentiated via incubation on ¢ ine-glycine-
bromothymol blue (CGB) medium. The mating type was determined
applying polymemse chain reaction using specific primers for the
pheromone genes. Subtyping was performed according to the ISHAM

le therapy.
been previously treated at a private veterinary dinic with itraconazole
(100 mg PO, q24h) for one month, with no dinical response. At clinical
examination, a soft subcutaneous swelling over the left periocular
medial region, a lesion on the conjunctiva of the left eye, polyp-like
mass in the nostrils and sneezing were ob d (Fig. 2a). Exudate from
the conjunctival lesion and nasal secretion samples were seeded on to

consensus multi-locus sequence typing scheme for C. neofe and C.
garm [9]. The sequences were manually edited using the software Se-
quencer 4.10.1, and the allele types (AT) and the sequence types (ST)
were identified via the MLST webpage (http://mlst. mycologylab.org/).
The results revealed the presence of C. gargi VGII, mat alfa, sequence
type ST442. Antifungal susceptibility testing was performed according
to the CLSI M27-A3 guideline. The drugs tested were fluconazole,
voriconazole, itraconazole, flucytosine, and amphotericin B. The
minimal inhibitory concentrations (MICs) were evaluated by means of
the epidemiologic cutoff values (ECVs) suggested for the specific mo-
lecular types of C. gargi [10,11]. These ECVs allow the classification of
strains as Wild Type (WT) or Non-Wild Type (Non-WT). The MICs in
pg/ml were as follows: 4.0 for fluconazole, 0.12 for voriconazole, 2.0
for flucytosine, and 0.12 for amphotericin B, all of them were consistent
with the WT population. MIC of 1 pg - ml~* for itraconazole was con-
sistent with the non-WT population (Table 1).

Fluconazole (100 mg PO) was prescribed once a day (day 0), andthe
cat was followed up every 30 days for clinical evaluation. After the
disappearance of all the dinical signs initially presented, which oc-
cumed after six months of therapy, the cat was discharged (Fig. 1b).

‘The cat from case 2 was a 6-year-old male cross-breed cat, castrated,
positive for feline leukaemia virus (FeLV), weighing 5.2kg. The cat had

Table 1
Laboratory results of the two cryptococcosis feline cases herein reported.

Sab d-dextrose agar. The physiologic chamacterization was per-
formed and revealed the presence of C. garmi. The isolates were further
characterized as VGII, mat alfa, sequence type ST185, which were
identified according to the techniques described for the first case (see
above). The antifungal susceptibility testing and the ECVs dassification
of the strain were performed as described for case 1 (see above). The
MIC's (pg/ml) were as follows: 16 for fluconazole, 4.0 for flucytosine,
and 0.12 for amphotericin B, values consstent with WT population, as
well as 1.0 for both itr. ble and voric le, which were con-
sistent with the non-WT population (I'able 1).

Itraconazole was replaced by fluconazole (100 mg PO, q24h) (day
0). The cat was followed up every 30 days for clinical evaluation. The
clinical cure occurred after five months of therapy, when the cat was
discharged (Fig. 2b).

3. Discussion

Since the first description in Brazil in 1971, only 27 other cases of
feline cryptococcosis have been reported (Supplementary Table 1). Of
these, C. gami was properly identified in three cases, with one case due
to the molecular type VGIL Thus, animal cryptococcosis is probably
underdiagnosed and under-reported in Brazil, with the real incidence

Case report Malecular ID Masing nype MLST Saguence fype) AST (CLS1 MZ7.A3)
Antifungal MC Classification

Casel C. e VG afa sTa42 Fluconazole 40 WT
Varkonazale a1z wWT
kraconamle 10 "Non -WT
Amp hatericin 01z wT
Fugesine 20 wT

Case 2 C. gz VG alfa STI8S Fluconamle 16 wT
Vorkconazale 10 Non-WT
Eraconazmle 10 Noo-WT
Amp hatericin Q12 wr
Flugytosine 40 wT

* Wild Type (WT)L

® Non-Wikl Type (NonWT).
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Fig. 2. Case 2. A) Soft subcutaneous swelling over the left periocular medial region, 3 kssion on the conjunctiva of the left eye and palyp-like mass in the nostrils. B)

Cat presenting clinical cure occurred after five months of fluconszole therapy.

being severely biased. Herein, we report two cases of feline crypto-
coccosis due to C. garrd VGII in an urban area of the Southeast Brazil,
largely known to be endemic for hu crypte i d by C.
neoformans VNI [4].

Environmental studies in Rio de Janeiro have isolated mainly C.
neoformans VNI and C. garmi VGL, while €. garm VGII has rarely been
isolated [12]. Authors described the only Brazilian case of crypto-
coccosis in a cat whose isolate was assessed for its molecular type, and
C. garmi VGIl was identified [7]. Considering that cryptococeal infection
in animals, reflects infections in human host from the same geographic
area, studies about animal cryp osis in Rio de Janeiro reiterate the
value of sentinel animal surveillance for this emerging infectious dis-
ease [15], reinforcing the need for a comect molecular identification of
the agents

Cats with localized cutaneous lesions can be treated successfully
with fluconazole, which is the drug of choice for feline cryptococcosis.
However, many cats with C. garmi VGII and VGII infections in North
America fail to respond to this azole, presenting persistent high antigen
titers and frequent relapses. In these cases itraconazole is a better op-
tion [5]. In previous reports from Brazil due to C. gartii, a cat presenting
a nasal granuloma achieved clinical cure after sx months therapy of
itraconazole/5-flucytosine combination [7] and the other case, which
presented a mass on the nasal region and partial obstruction of the
nostrils, died 40 days after itraconazole therapy [8]. Case 2 failed to
initially respond to itraconazole and the correspondent strain was a
non-WT to it ke and vor le, with a non-WT organism
showing reduced susceptibility to the agent being evaluated when
compared to the WT population [11], as was observed in case 2.
However, cases herein described were caused by strains classified as
WT to fluconazole. Treatment with this drug lead to cure of both cases
and no recurrence signs were observed over the following six months.
Hence, more epldemlological snﬂls are necessary to evaluate the

fluconazole is not effective m vioo against Sparothnix spp [17]. These
differences in therapy of aryptococcosis and sporotrichosis reinforces
the importance of differential diagnosis between these important in-
fections.

The emergence of C. garil in urban environments is a challenge
because it comes with a great potential to generate outbreaks of cryp-
tococcoss among immunocompetent individuals and animals. l-‘uture
studies on the etiological agents of crypt. sis in domesti
in urban environments are necessary to understand the dynamics of this
mycosis in these animals
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trends in crypte 1 ibility to drugs and resp to
treatment, spread and cu'eulmon of subtypes in certain areas.
Cryptococcosis and sporotrichosis infections are thought to be ac-
quired from the environment. However, in the Rio de Janeiro sporo-
trichosis epizootic, feline cases are mainly related to be acquired by
scratches or bites from other infected cats [14], whereas cryptococcosis
cases are thought to be acquired through inhalation of yeasts or basi-
diospores from the environment, with no individual to individual
transmission ever been described [15]. Heteroresi to itr: 1
ls intrinsic and usually increases the virulence of C. gami [16]. This
may repr an additional mechanism that ib
to relapses of cryptococcoss in Is during itr. le therapy.
Itraconazole is the first choice therapy for sporotrichesis, since
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Supplementary Table 1. Feline cryptococcosis cases in Brazil described between 1971-2019.

Year of | Reference | State | Number | Species ID Clinical Signs
publication of cases
1971 Cruz et Rio de 1 C. Swelling over the frontal region.
al.,[1] Janeiro neoformans
2002 Mendonga  Minas 1 C. Vegetative lesion with spongeous
etal.,[2] Gerais neoformans aspect in the right mandibula.
2004 Chiesa et Séo 18 C. No description of the clinical
al.,[3] Paulo neoformans presentation.
2006 Juliano et Mato 1 C. Respiratory signs and swelling
al.,[4] Grosso neoformans over the bridge of the nose.
do Sul
2011 Martins et Rio 1 C. Disseminated infection: multiple
al.,[5] Grande neoformans cutaneous nodules, anorexia, and
do Sul apathy.
2013 Cardoso Séo 1 C. gattii Nasal granuloma.
et al.,[6] Paulo
2014 De Paula Mato 2 C. gattii Case 1. Respiratory distress,
etal.,[7] Grosso apathy, anorexia, cough and
sneeze. Case 2. Ulcerated mass in
nasal region, secretion and partial
obstruction of nose.
2018 Lima et Séo 1 C. Respiratory signs and swelling
al.,[8] Paulo neoformans over the bridge of the nose.
2018 Balda et Séo 1 C. Skin lesions on the nasal planum
al.,[9] Paulo neoformans and the second digit of the left
thoracic limb.
2019 Present Rio de 2 C. gattii Casel. Swelling over the forehead,
study Janeiro polyp-like mass in the nostrils,
bilateral ocular secretion and
respiratory signs.
Case 2. Swelling over the left
periocular medial region, polyp-
like mass in the nostrils, sneezing.
References:
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ANEXO A - PARECER CONSUBSTANCIADO DO CEP

INSTITUTO DE PESQUISA
CLINICA EVANDRO CHAGAS - -%"W A
IPEC / FIOCRUZ

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titule da Pesquisa: Estudo da infecgdo por Cryptococcus spp em criangas e investigagio de fontes
ambientais de agentes da criptococose no municipio de Santa Isabel do Rio Negro,
Amazonas, Brasil

Pesquisador: Marcia dos Santos Lazera

Area Tematica:

Versdo: 4

CAAE: 23238913.3.0000.5262

Instituigio Proponente: Instituto de Pesguisa Clinica Evandro Chagas - IPEC / FIOCRUZ
Patrocinador Principal: Fundagdo Oswaldo Cruz

DADOS DO PARECER

Hamero do Parecer: 1.226.671

Apresentagio do Projeto:

A apresentagfo do projeto encontra-se adequada.

Objetivo da Pesquisa:

O objetivo da pesquisa & valido. Esta apresentada uma justificativa valida para o uso de

um grupo vulneravel no estudo.

Avaliacao dos Riscos e Beneficios:

Os rizcos iniciaiz do estudo foram bem apresentados. Também foram incluidos os rizcos referentes a coleta
de zangue e liquor. De acordo com o8 pesguisadores, o2 resultados deste estudo serdo fundamentais para
posterior orientagdo dos moraderes, ndo s das casas positivas, mas também para a comunidade no
entorno, buscando medidas para eliminar a presenca de C.gatti neste ambiente, ou pelo menos reduzir seu
acimulo no intra-domicilio, incluindo a remog&o de focos potenciais como reparo e troca de partes em

decomposicdo nas tabuas e pintura para prote¢do das superficies expostas das mesmas.

Comentarios e Consideragdes sobre a Pesquisa:
A pesquisa tem como objetive estudar a infecgdo criptocdcica em criangas residentes e investigar a
ocomméncia dos agentes da criptococose em fonies ambientais diversas relacionadas ao domicilio e

Enderego:  Avenida Brasd 4385
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UF: RJ Municipio: RIO DE JAMEIRO
Telefone: (21)3365-0585 E-mail: cep@ipec fiocruzbr
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INSTITUTO DE PESQUISA Plobaformo
CLINICA EVANDRO CHAGAS - %nﬂ
IPEC / FIOCRUZ

Continuagio do Parecer 1.226.67

peridomicilio na regido do alto do rio Negro, no municipio de Santa |sabel do Rio Megro no estado do
Amazonas. Trata-se entdo de uma pesquisa envolvendo um grupo vulneravel (criangas e adolescentes).
Também & uma regifo na qual ha forte presenca de populagdo indigena, mesmo em dreas urbanas.

Consideragdes sobre os Termos de apresentagio obrigatdria:

A linguagem do TCLE encontra-se clara e de facil entendimento. Esto incluidos os riscos para coleta de
sangue e liguor, deixando os pais e responsaveis pelos participantes do estudo informados sobre esses
procedimentos.

Recomendagdes:

Conclusdes ou Pendéncias e Lista de Inadequagies:

A anuéncia do Hospital Municipal Irma Edwiges Maria Sirorska foi apresentada.

Sobre a questio da populagdo indigena os pesquizadores informam que: "esta populagfo ndo tem
caracteristicas de Comunidade Indigena. E uma populagdo descendente de povos indigenas do Alto Rio
Megro, aculturada ao longo do século XX, em um processo de concentragdo demografica que resultou na
formagéo de uma cidade. E por este motive que ndo interpretamos a populagde do estudo como sendo
constituida por Povos indigenas no conceito gue a Comissdo Macional de Efica em Pesquiza (CONEP) tem
deste grupo étnico, a saber: “povos com organizagies e identidades proprias, em virtude da consciéncia de
sua continuidade histérica come sociedades pré—colombianas” como citade na Resolugo n® 304 de 09 de
agosto de 2000." Desta forma caracterizando a populagio de estudo como ndo indigena.

Consideragdes Finais a critério do CEP:

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Argquivo Postagem Autor Situagdo
Projeto Detalhado /| ProjetoPhdFabioBritock.doc 01/0972015 [Marcia dos Santos Aceito
Brochura 14:4550 |Lazera
Investigador
TCLE /| Termos de  |ANMEXCO234TCLELAZERAZD1S5.doc 01/09/2015 |Marcia dos Santos Aceito
Agssentimento 14:46:19 |Lazera
Justificativa de
Auséncia
Outros ANEXOSFICHACLINICAOK doc 010972015 |Marcia dos Santos Aceito

14:47:27 |Lazera
Outros ANEXOGCOLETADOMICILIAROK. doc 010972015 |Marcia dos Santos Aceito
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Outros ANEXOGCOLETADOMICILIAROK doc 14:48:09 |Lazera Aceito
Declaragao de AnuencialucilaideAnexo? PODF 01/09/2015 Marcia dos Santos Aceito
Instituigdo e 14:49:.00 |Lazera
Infraestrutura
Declaragao de AnuenciaMarcusViniciusAnexo?.PDF 01/0972015 |Marcia dos Santos Acsito
Instituicdo e 14:49:15 |Lazera
Infraestrutura
Declaragao de CartaAnuenciaSIRM._pdf D1/09/2015 |Marcia dos Santos Aceito
Instituigdo e 14:49:40 |Lazera
Infraestrutura
Folha de Rosto FOLHADEROSTOPLATAFORMABRASI| 01/09/2015 |Marcia dos Santos Aceito
LOK.PDF 14:53:30  |Lazera
Informagdes Basicas |PE_INFORMACOES_BASICAS_DO_P | 01092015 Aceito
do Projeto ROJETO_ 232380 pdf 14:54:35
Situagio do Parecer:
Aprovado
Mecessita Apreciagio da CONEP:
Mao
RIC DE JANEIRO, 14 de Setembro de 2015
Assinado por:
Léa Ferreira Camillo-Coura
(Coordenador)
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Paris, le 30 mai 2015

Institut Pasteur

Département Mycologie

Fabio Brito-Santos, Esp, MSc

Mycology Laboratory. National Institute of
Infectiology

Oswaldo Cruz Foundation. Av. Brasil. 4363
Brésil

Ref : Invitation aux Journées Départementales du Département Mycologie de I'Institut
Pasteur, 29-30 juin 2015 — Chatenay-en-France

Cher Collegue,

J°ai le plaisir de vous inviter a participer aux Joumeées Départementales du Département Mycologie
de I'Institut Pasteur qui se tiendront les 29 et 30 juin 2015 a La Censiére, 8 rue Honoré de
Mirabeau, 95190 Chatenay-en-France.

Une chambre vous a été réservée pour la nuit du 29 au 30 juin. L’ensemble des frais de
participation a ces deux journées sera pris en charge par le Département Mycologie de I'Institut
Pasteur. Par ailleurs, une bourse d un montant maximum de 1000 Euros vous a été attribuée par le
Département Mycologie et la Division Intenationale de 1'Institut Pasteur pour couvrir vos frais de
voyage.

Cordialement,

Prof. Christophe d’Enfert, PhD
Directeur du Département Mycologie

25-28, Rue du Docteur Rowx
75724 Paris Cedex 15

Telgphone - +33 (0)1 40 61 32 57
Telecopie - +33 (0) 1 4061 34 56
E-mail : mycology@dpasteur fr
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