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RESUMO

DIVERSIDADE GENETICA DO COMPLEXO DE ESPECIES DE Cryptococcus gattii NO
ESTADO DE MATO GROSSO, BRASIL

Associada a alta mortalidade, a criptococcose é causada pelo fungo do género
Cryptococcus. Devido a sua importancia, este estudo objetivou analisar a diversidade
genética dos isolados de C. gattii de animais, humanos e do ambiente no estado de Mato
Grosso (MT), Brasil, durante o periodo de Novembro de 2010 - Dezembro de 2017. Todos
os isolados do complexo de espécies de C. gattii foram submetidos a genotipagem
molecular através do Polimorfismo do Comprimento do Fragmento de Restricdo (PCR-
RFLP) e da Tipagem da Sequencia Multi- I6cus (MLST). A analise de PCR-RFLP revelou
gue 21 isolados (100%) apresentaram o genétipo VGII, o qual é considerado o mais comum
e virulento mundialmente. A anélise de MLST revelou a presenca de 14 tipos da sequéncia
(STs), dos quais cinco foram considerados gendtipos novos. O complexo clonal (CC)
CC182 (n =5; 23,80%) e CC309 (n = 3; 14,28%) foram os mais frequentes. A distribuicao
do CC em relacdo a origem revelou que trés CCs foram encontrados em animais com
predominio do CC182 (66,66%), nove CCs em humanos e dois CCs no ambiente.
Observou-se uma extensa variabilidade genética entre os isolados do estado de Mato
Grosso. Os STs pertencentes aos complexos clonais (CC) ja descritos indicaram a
expansao global e a adaptacédo de isolados em varios outros paises. Portanto, a deteccao
de complexos clonais e STs ja descritos em outras regides e a ocorréncia de novos STs no
presente estudo auxiliam na compreensdo atual da dispersdo geografica e na origem

genética do complexo de espécies de C. gattii.

Palavras-chaves: Cryptococcus gattii, MLST, genotipagem, criptococose



ABSTRACT

GENETIC DIVERSITY OF THE CRYPTOCOCCUS GATTII SPECIES COMPLEX IN
MATO GROSSO STATE, BRAZIL

Associated with high mortality, the cryptococcosis is caused by fungi of the genus
Cryptococcus. Owing to its importance, this study aimed to analyze the genetic diversity of
C. gattii isolates from animals, humans, and the environment in Mato Grosso State (MT),
Brazil, during November 2010—-December 2017. All isolates of the C. gattii species complex
were subjected to molecular genotyping via Restriction Fragment Length Polymorphism
(PCR-RFLP) and Multi-locus Sequence Typing (MLST). PCR—-RFLP analysis revealed that
21 isolates presented the genotype VGII, which is considered the most common and virulent
genotype globally among. MLST analysis revealed the presence of 14 sequence types
(STs), of which 5 are considered new genotypes. Clonal Complex (CC) CC182 (n = 5;
23,80%) and CC309 (n = 3; 14,28%) were the most frequent. CC distribution in relation to
origin revealed that three CCs were found in animals with a predominance of CC182
(66,66%), while nine in humans, and two CCs in the environment. Extensive genetic
variability was observed among the isolates in the State of Mato Grosso. STs belonging to
the already described clonal complexes (CC) indicate the global expansion and adaptation
of isolates in several other countries. Therefore, detection of clonal complexes and STs
already described in other regions and the occurrence of new STs in the present study help
further the current understanding of the geographic dispersion and genetic origin of the C.

gattii species complex.

Keywords: Cryptococcus gattii, Multi-locus Sequence Typing; Genotyping; Cryptococcosis



LISTA DE ABREVIATURAS

% - porcentagem

°C — graus Celsius

ul — microlitro

UM — micromolar

AFLP — polimorfismo de comprimento de fragmentos amplificados

AT — allele type

CC - complexo clonal
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HIV - virus da imunodeficiéncia humana

HUJM — Hospital Universitario Jalio Muller
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ISHAM — sociedade internacional de micoses sistémica humana e animal
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LAC - lacase
M — molar

MgCL2— cloreto de magnésio

Min — minutos

MLST - tipagem da sequencia multi-locus

mM — milimolar

MT — Mato Grosso

NaCL — cloreto de sodio

PCR — Reacédo em cadeia pela polimerase

PCR-RFLP — anélise de polimorfismo de fragmento de restricao



PLB — fosfolipase

gPCR — reacdo em cadeia pela polimerase em tempo real
SIDA — sindrome da imunodeficiéncia adquirida

SNC - sistema nervoso central

SOD - superoxido dismutase

ST — sequence type

UFMT — Universidade Federal de Mato Grosso

URA — monofosfato de orotidina pirofosforilase

V — voltagem
WGS - whole genome sequence
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1 INTRODUCAO

A criptococose, distribuida mundialmente, afeta humanos e animais
imunocompetentes e imunocomprometidos, sendo a Sindrome da Imunodeficiéncia
Adquirida (SIDA), a quimioterapia e 0 uso de imunossupressores 0s principais fatores de
riscos relacionados a doenca nos humanos (FANG; FA; LIAO, 2015; KWON-CHUNG et al.,
2014; LEIMANN; KOIFMAN, 2008; PAPPALARDO; MELHEM, 2003). Estima-se que a
incidéncia global de meningite causada por Cryptococcus spp., no ano de 2014, foi de
223.100 casos, o que resultou em 181.100 mortes anuais (RAJASINGHAM et al., 2017).

Caracterizada como uma doenca causada por fungos do género Cryptococcus,
controvérsias na nomenclatura das espécies ainda séo discutidas na literatura. De acordo
com a proposta de Hagen et al (2015), ha sete espécies, com excecao dos hibridos
diploides/aneuploides, no complexo de espécies C. neoformans (C. neoformans e C.
deneoformans) e no complexo de espécies C. gattii (C. gatti C. deuterogattii, C.
bacillisporus, C. tetragattii e C. decagattii). No entanto, Kwon-Chung et al (2017) dividem o
género em dois complexos de maior relevancia: o complexo de espécies Cryptococcus
neoformans e o complexo de espécies C. gattii.

Devido a adaptabilidade em zonas temperadas, a expansdo do complexo de
espécies C. gattii ganhou relevancia no surto observado em humanos e animais na llha de
Vancouver (Canada) em 1999 (CAMPBELL et al., 2015; KIDD et al., 2004; SORREL, 2001).
Uma hipétese é que as mudancas climaticas permitiram que essas cepas criptocécicas
competissem no microbioma ambiental e, com o aumento da exposicao, infectassem o0s
hospedeiros suscetiveis (PERFECT; BICANIC, 2015). Assim, entender como ocorre a
disperséao do complexo de espécies C. gattii para outros continentes, o ciclo de vida, o curso
fatal e sua natureza, é crucial para uma melhor investigacdo epidemiolégica deste micro-
organismo (COGLIATI et al., 2013).

Molecularmente, o complexo de espécie pode ser classificado em até 5 principais
grupos genéticos, variando de acordo com a ecologia, epidemiologia e a regido geografica
(HAGEN et al., 2015). Assim, essa diferenciacdo na tipagem molecular € necessaria para
verificar os padrdes de distribuicdo molecular e, consequentemente, conhecer 0s possiveis

genes relacionados a viruléncia e a resisténcia a drogas (ESPINEL-INGROFF; KIDD, 2015).
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2 REVISAO DE LITERATURA

2.1 Etiologia

O género Cryptococcus caracteriza-se por ser uma levedura encapsulada, pertencente
ao grupo de basidiomicetos (DEL POETA; CASADEVALL, 2012; PAPPAS, 2013). Embora
em raras circunstancias outras espécies possam causar doencga, as de maior relevancia
sdo Cryptococcus neoformans e C. gattii (PERFECT; BICANIC, 2015).

Tais espécies podem ser classificadas como 5 distintos genétipos em 7 espécies,
excluindo os hibridos, de acordo com a nova proposi¢cado de identificacdo, sendo divididas
em: complexo de espécies C. neoformans (C. neoformans, C. deneoformans e hibrido do
cruzamento entre os C. neoformans e C. deneoformans) e o complexo de espécies C. gattii
(C. gattii, Bacillisporus cryptococcus, C. deuterogattii, C. tetragattii e C. decagattii), além
dos hibridos derivados do cruzamento dos complexos C. neoformans e o C. gattii
(cruzamento de C. deneoformans com C. gattii, C. neoformans com C. gattii e C.
neoformans com C. deuterogattii) (HAGEN et al, 2015). Entretanto, devido a instabilidade
nas nomenclaturas, atualmente as espécies do género Cryptococcus estao de acordo com
Kwon-Chung et al. (2017), as quais sao divididas em dois complexos de maior relevancia

“‘complexo de espécies Cryptococcus neoformans” e “complexo de espécies C. gattii".

2.2 Distribuicéo

Com distribuicdo mundial, o complexo de espécies C. neoformans estd associado as
fezes de aves, matéria organica em decomposicéo e solos enriquecidos com excremento
de animais, ja o complexo de espécies C. gattii esta associado a arvores, solo e plantas
(BIESLKA; MAY, 2016; ELLIS; PFEIFFER, 1990; PAPPAS, 2013; UEIJO et al., 2015).
Regides como América do Sul, América do Norte, Asia, Africa, Europa, Oceania e llha de

Vancouver, ja relataram casos de criptococose (COGLIATI et al., 2013). Na América do Sul,
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Trilles et al. (2008) identificaram a infec¢cdo no Brasil em diversos estados, como Roraima,
Amazonas, Piaui, Pernambuco, Bahia, Minas Gerias, Mato Grosso do Sul, Rio de Janeiro,
Séo Paulo, Rio Grande do Sul e Parana. No estado de Mato Grosso, diversos relatos ja
foram descritos em humanos, animais e no ambiente (ANZAI et al., 2014; FAVALESSA et
al., 2009; PAULA et al., 2014). Assim, de acordo com o Ministério da Saude, dentre as
internacbes decorrente de micoses sistémicas no Brasil em 2016, a criptococose
correspondeu a 8,99% (251/2791) dos casos (BRASIL, 2018).

Em relacgéo a distribuicdo dos gendétipos, mais especificamente, o complexo de espécies
C. gattii pode ser classificado em VGI-VGIV pela técnica de PCR-RFLP (FRASER et al.,
2005). O padrao de distribuicdo destes gendétipos no Brasil, segundo Trilles et al. (2008),
mostra que VGI encontra-se nos estados do Rio de Janeiro e Parana. Nascimento et al
(2014) também relataram este mesmo genotipo na regiao sudeste. Ja o VGII foi detectado
em Roraima, Amazonas, Piaui, Pernambuco, Bahia, Rio de Janeiro, Minas Gerais, S&o
Paulo, Parand e Mato Grosso do Sul (TRILLES et al., 2008). Outros estudos também
relataram o tipo molecular VGII no estado do Para, Amazonas e Mato Grosso (ALVES et
al., 2016; PAULA et al., 2014; SANTOS et al., 2008). O VGIII foi isolado em Pernambuco,
Rio de Janeiro e Rio Grande do Sul, enquanto que o VGIV ainda nao foi identificado no
Brasil (TRILLES et al., 2008). Logo, observa-se que o gendétipo VGII esta amplamente
distribuido no Brasil. Segundo Billmyre et al. (2014), a populacédo de VGII mostra que € um
genotipo adaptavel, sugerindo que a microevolucéo pode ter levado a uma maior viruléncia

e expanséao desses isolados originando casos de surtos.

2.3 Patogenia

Amplamente difundidos na natureza, os esporos ou leveduras dissecadas do
Cryptococcus spp. sao transportados pelo ar (BIESLKA; MAY, 2016), sendo provavel que
muitos individuos inalem esses propagulos infecciosos, porém somente poucos venham a
apresentar uma infec¢éo (D’'SOUZA et al., 2004; GIORGI et al., 1974). Para produzirem a
infeccéo ativa, os esporos dependeréo da capacidade da germinacao antes da ativacéo e

morte dos macréfagos. Assim, uma vez germinadas no hospedeiro, as leveduras podem
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crescer tanto intracelularmente como extracelularmente, caracterizando-se como um
patogeno intracelular facultativo (ESHER; ZARAGOZA; ALSPAUGH, 2018).

Dessa forma, o grupo de risco para adquirir a criptococose estéd associado a individuos
imunossuprimidos, sendo que em humanos as maiores frequéncias ocorrem em portadores
da Sindrome da Imunodeficiéncia Adquirida (SIDA), pacientes transplantados sob terapia
com imunossupressores, com disturbios de faléncia de 6rgados ou no sistema imunologico
inato (PAPPAS, 2013). No entanto, em nivel de espécies, relatos descrevem a criptococose
causada pelo complexo de espécies C. neoformans associada mais a individuos
imunossuprimidos e, o complexo de espécies C. gattii, associado aos imunocompetentes
(PAPPALARDO; MELHEM, 2003; ZHANG; PARK; WILLIASOM, 2015).

Diversos fatores estao relacionados a evolucao clinica da criptococose, a qual pode ser
subaguda ou cronica. Assim, o estado imunolégico do hospedeiro, susceptibilidade da
populacao, fatores geograficos ou étnicos e a carga inicial do patégeno estdo envolvidos
no desenvolvimento da infeccdo (FANG; FA; LIAO, 2015; GIORGI et al.,, 1974). Em
individuos que adquirem a infecc¢do, o primeiro sitio estd associado ao pulmao, podendo se
disseminar até o sistema nervoso central, causando manifestacbes como encefalite,
meningite e meningoencefalite (forma mais grave da doenca) (ESHER; ZARAGOZA,
ALSPAUGH, 2018; FRANCO-PAREDES, 2015; RAJASINGHAM et al., 2017; ROLSTON,
2013). Esta disseminacdo das células criptocOcicas ocorre pelos vasos sanguineos,
atravessando as barreiras epiteliais e endoteliais para transitar dos alvéolos pulmonares
até a corrente sanguinea e, posteriormente, para o SNC (ESHER; ZARAGOZA,
ALSPAUGH, 2018).

2.4 Diagnostico

Para o diagndstico da criptococose, métodos como isolamento da levedura, exame
direto com tinta da india, histopatolégico, sorologia, cultura e testes bioquimicos, como o
Agar Canavanina-Glicina-Azul de bromotimol, tém sido empregados (GARCIA; PENAN,
2018; PERFECT; BICANIC, 2015). Técnicas moleculares como a Reacdo em Cadeia da
Polimerase (PCR), Analise de Polimorfismo de Fragmento de Restricdo (PCR-RFLP),
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deteccdo por nanoparticulas de ouro, sequenciamento do espacador intergénico, Analise
de Polimorfismo de Comprimento de Fragmentos Amplificados (AFLP) e Tipagem da
Sequéncia Multi-locus (MLST) podem ser utilizados para a confirmacdo da doenca e
genotipagem (ESPINEL-INGROFF e KIDD, 2015; MARUYAMA et al., 2017). Assim,
meétodos que detectam DNA tém se destacado pela sensibilidade e especificidade no
diagnoéstico (BAKTHAVATHSALAM; RAJENDRAN; MOHAMMED, 2012).

Considerada uma técnica rapida, especifica e sensivel, a PCR tem sido muito importante
na deteccao de DNA de diversos micro-organismos. Em relagéo a detecgcao molecular de
Cryptococcus spp., essa técnica permite a diferenciacdo entre os sorotipos (AOKI et al.,
1999). Outra variacdo da PCR de grande relevancia no estudo da criptococose é pela
técnica de PCR-RFLP, a qual permite a classificacdo genotipica, de VNI, VNII, VNB e VNIV
para o complexo C. neoformans e, para C. Gattii, de VGI-VGIV (DOU et al., 2015,
LITVINTSEVA et al., 2006; MEYER et al., 2009; MUNOZ et al., 2018). Esta técnica baseia-
se na amplificacdo pelo PCR do gene URA5S e no uso de duas enzimas de digestdo. Os
produtos da digestdo sao visualizados e comparados com os perfis das cepas padréo ja
descritos na literatura (MEYER et al., 2003)

Ja4 a técnica MLST, permite a melhoria na identificacdo taxonémica e genética
(PERFECT; BICANIC, 2015). Nesta, segue-se um consenso de acordo com a “International
Society for Human and Animal Mycology” (ISHAM), no qual sdo incluidos 6 genes
housekeeping (CAP59, GPD1, LAC1, PLB1, SOD1, URA5) e o espacador intergénico,
IGS1, o qual foi selecionado com base na sua alta diversidade alélica.

Logo, o uso da técnica de MLST pode permitir a identificacdo dos alelos associados com
patogenia e viruléncia, objetivando identificar alvos que contribuam para a melhoria do
tratamento (BEALE et al.,, 2015). Por meio desta técnica, pode-se pressupor que a
variabilidade genética, decorrente da reproducédo sexual e de eventos de recombinacao
génica, facilite a dispersdo e propagacdo da levedura. Isso contribui para o
desenvolvimento e persisténcia de um surto, devido a interacédo entre espécies ou linhagens
que favorecem a troca genética como uma estratégia de proliferacdo mesmo em condi¢des
de mudanca (MUNOZ et al., 2018; SPRINGER et al., 2014). Segundo Mundz et al. (2018),
€ uma técnica considerada de facil acesso, especialmente em paises de baixa renda, onde
o sequenciamento do genoma inteiro “Whole Genome Sequence” (WGS) ainda é restrito,

necessitando apenas de bioinformatica basica. Em comparagdo com o WGS, o MLST
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possui um banco de dados com os isolados de diferentes origens e alto poder
discriminatorio entre os diferentes tipos moleculares do complexo de espécies C.

neoformans e complexo de espécies C. gattii (MUNOZ et al., 2018).

2.4.1 Fatores de viruléncia

Dos 6 genes housekeeping, trés genes estdo relacionados aos principais fatores de
viruléncia envolvidos no desenvolvimento da infeccdo criptocdcica, como a capsula
polissacarideo (CAP59), a sintese de melanina (LAC1) e invasao celular (PLB1) (MEYER
et al., 2009). Segundo Bielska e May (2016), a capsula polissacarideo, melanina, a
presenca da quitina na parede celular, fosfolipases, urease, lacase e a capacidade de
crescimento a 37°C tém sido os fatores de viruléncia mais estudados. Esses dados
corroboram com o estudo de Barcellos et al. (2018), os quais associam isolados
hipervirulentos a maior pigmentacéo, diferengas na produgdo de melanina, na estrutura
capsular e na atividade da urease.

Assim, a cipsula de polissacarideo é a primeira estrutura que interage com as células
hospedeiras, sendo que durante o curso da infeccéo, pode haver mudancas imunogénicas
da cépsula, sendo caracteristico para a adaptacdo e sobrevivéncia no hospedeiro
(ZARAGOZA et al., 2009). Tanto a parede celular como a capsula sintetizada pelos fungos,
sdo estruturas que protegem 0s micro-organismos dos ataques do hospedeiro, facilitando
a propagacao de fungos nos tecidos (ZARAGOZA et al., 2009).

Outro fator importante na viruléncia esta relacionado ao gene lacase, o qual esta
associado a producdo de melanina (ESHER; ZARAGOZA; ALSPAUGH, 2018; ITO-KUWA
et al., 2008; SALAS et al 1996). Presente na parede celular dos fungos, esse pigmento &
responsavel por fornecer um escudo protetor contra o sistema imunoldgico, além de
proteger da radiacao ionizante, luz ultravioleta e mecanismos de oxidacdo (EISENMAN;
CASADEVALL, 2012; ESHER; ZARAGOZA; ALSPAUGH, 2018). A producao de melanina
gue se deposita na parede do fungo € proveniente de substratos contendo dopamina e da

acao de enzimas catalizadoras como a fenoloxidase (ZARAGOZA et al., 2009).
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Responsavel pela proliferacdo e sobrevivéncia dentro do macrofago, o gene
fosfolipase é responsavel por contribuir para a disseminacao da levedura no organismo do
hospedeiro e atingir o SNC (EVANS et al., 2015). A habilidade do Cryptococcus crescer nos
fagolisossomas mostra a capacidade de sobreviver aos antifingicos e adquirirem nutrientes
para a proliferacdo (JHONSTON; MAY, 2013).

Atuando na protecdo contra a morte oxidativa por fagocitos, o gene superoxido
dismutase (SOD), caso sofra delecao, reduzira varios fatores relacionados a viruléncia, o
gue interfere na atividade da lacase, urease e fosfolipase (NARASIPURA, et al., 2003). Além
disto, o gene SOD atua como componente da resposta antioxidante das mitocondrias,
permitindo o crescimento em altas temperaturas (GILES et al., 2006). Assim, a capacidade
de crescer a 37°C contribui para a patogénese deste micro-organismo, pois a exposi¢cao
prolongada a ambientes de alta temperatura, torna-se essencial para a evolugdo e a
manutencdo da patogenicidade deste micro-organismo em hospedeiros mamiferos (XU,
2004).

Para facilitar a disseminacao da levedura para o SNC, a urease atua nos mecanismos
de transporte dependentes de macrofagos, influencia no crescimento intracelular e confere
a levedura o potencial de hidrolisar a ureia em amonia, a qual servira como fonte de
nitrogénio (FU et al., 2018). Além disto, segundo Olszewski et al (2004), a ambnia pode ser
toxica, o que compromete a funcdo das células endoteliais, permitindo atravessar a barreira

hematoencefélica.

2.5 Tratamento e Prevencao

Com relacéo ao tratamento, o sucesso esta relacionado com a eficacia do diagnadstico,
0 qual necessita de rapidez e precisdo, além da discriminagdo de outras espécies de
leveduras patogénicas (MARUYAMA et al., 2017). Dentre os antifingicos, 0s principais
empregados na terapia sdo cetoconazol, itraconazol, voriconazol, fluconazol, anfotericina-
B e 5-fluocitosina, esses dois ultimos associados ou ndo (ARCHIBALD et al., 2004;
BERTOUT et al., 2013; GUTCH et al., 2015; PERFECT; BICANIC, 2015). No Brasil, para o

tratamento de micoses sistémicas, sdo preconizados o uso de Anfotericina B (complexo
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lipidico) 5mg/mL, Fluconazol 2mg/mL e Itracozanol (100mg) (BRASIL, 2018). No entanto,
o diagnoéstico incorreto, confundido muitas vezes com outras infeccées pulmonares virais,
bacterianas ou mesmo flngicas, dificultam o tratamento precoce da criptococose
(BIESLKA; MAY, 2016), levando a sérias complicacdes.

Além disto, a identificacéo a nivel de espécie e gendtipo podem contribuir para a melhor
escolha de tratamento. Trilles et al (2012) identificaram variacdes na susceptibilidade a
antifangicos entre os complexos de espécies C.neoformans e C. gattii e, também entre os
subgenatipos, relatando a maior resisténcia a azéis no gendtipo VGII em relacdo aos
genadtipos VGI, VNI e VNIV. Segundo Del Poeta et al. (1999), o uso inadequado de a
antifangicos pode gerar resisténcia a drogas, devido aos possiveis eventos de delecdes,
transposicoes, mutacbes e recombinacdes que podem ocorrer, sugerindo que novos
agentes antifingicos sejam necessarios para um tratamento efetivo da criptococose
sistémica. Em alguns casos, tratamento cirargico para a remocao de criptococomas
também pode ser realizado (CHEN; MEYER; SORREL, 2014).

Segundo o Ministério da Saude, ndo ha medidas preventivas especificas, no entanto,
recomenda-se o controle populacional de pombos (reduzir alimento, &gua e abrigo), uso de
equipamento individual na limpeza de galpdes, onde ha criacdo de aves ou aglomerados
de pombos (BRASIL, 2019).
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3 OBJETIVOS

3.1 Objetivo Geral

Este estudo teve como objetivo, investigar a diversidade molecular do complexo de
espécie de C. gattii no Estado de Mato Grosso, Brasil e compreender a dindmica da

distribuicdo desta levedura em uma regido que € influenciada por diferentes biomas.

3.2 Objetivo especifico

- Verificar o padrao de distribuicdo dos genétipos do complexo de espécie C. gattii
pela técnica PCR-RFLP no Estado de Mato Grosso, Brasil.

- Investigar a diversidade molecular do complexo de espécie C. gattii pela técnica de
MLST no Estado de Mato Grosso, Brasil.
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4 MATERIAL E METODOS

4.1 Isolamento e cultura do género Cryptococcus

Os isolados, oriundos de coletas ambientais, da rotina do Hospital Veterinario da
Universidade Federal de Mato Grosso bem como do Hospital Universitario Julio Muller
(certificado do Comité de ética animal n°23108.100659/2015-57 e humano n°888/CEP-
HUJM/2012), foram obtidos durante o periodo de novembro de 2010 até dezembro de 2017.
O isolamento de culturas suspeitas do género Cryptococcus foi feito em meio &gar
Sabourad dextrose 2%, agar Sabourad dextrose acrescido de cloranfenicol (0,05g/L) e &gar
Niger (Guizotia abysinica) (SHIELDS; AJELLO, 1966). O material foi semeado a 30°C e
37°C e observado diariamente durante 7 dias e, posteriormente, foi empregado o método
de coloragdo com tinta de nanquim para a analise da morfologia microscopica e o teste
bioguimico em agar CGB (L-Canavanina-Glicina-Azul de Bromotimol).

5.2 Isolamento do DNA e PCR

Para a caracterizacdo molecular, os isolados de Cryptococcus spp. foram semeados
em agar Sabouraud a 30°C por 48h. Apds o crescimento, foi retirado uma algcada de cada
isolado e transferidos para um microtubo de 2mL contendo 500 pl de tampéao de extracao,
seguindo a extracdo de DNA com pérolas de vidro e fenol/cloroférmio, conforme descrito
por Del Poeta et al (1999). O material foi armazenado a -20°C para a utilizacdo nos testes
moleculares.

Posteriormente, foi realizada a técnica de PCR para identificacdo dos isolados
seguindo o protocolo de Aoki et al (1999). Para determinar a espécie dos isolados foram
utiizados os pares de oligonucleotideos iniciadores CNA  70A (5-
ATTGCGTCCATGTTACGTGGC-3’) e CNA 70S (5-ATTGCGTCCACCAAGGAGCTC-3),
especificos para o complexo de espécies C. neoformans e, CNB 49A (5-
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ATTGCGTCCATCCAACCGTTATC-3’) e CNB 49S (5-ATTGCGTCCAAGTGTTGTTG-3’),
especificos para o complexo de complexo de espécies C. gattii, que originam produtos de
695 pb e 448 pb, respectivamente. Para identificacdo dos genes SOD1 (superéxido
dismutase) e confirmacao do complexo de espécies C. gattii, a PCR foi feito de acordo com
D’Souza et al (2004). Os produtos de amplificacédo, corados com Gel Red (Biotium), foram
submetidos a eletroforese em gel agarose 1,5% a 100 V por 90 min e visualizados no
ChemiDocTM XRS utilizando o software ImageLabTM®.

5.3 Técnica de PCR-RFLP

A técnica RFLP para a genotipificacdo foi realizada de acordo com Meyer et al
(2003). Primeiramente foi realizada uma amplificacdo de um fragmento do gene URAS
atravées da PCR. Posteriormente, esses produtos de amplificacdo foram duplamente
digeridos com as enzimas de restricdo Sau96l! (10 U/L) e Hhal (20 U/ul) durante 3 horas e
separado por eletroforese em gel de agarose (3%). Os padrées de RFLP foram atribuidos
por comparacdo com perfil de bandas das cepas referéncias (VNI-VNIV e VGI-VGIV)
(MEYER et al., 2003).

5.4 Técnicade MLST

Na técnica MLST para isolados do complexo de espécies C. gattii, utilizou-se sete
locus genéticos (CAP59, GPD1, LACL1, PLB1, SOD1, URAS e IGS1) para distinguir cepas
intimamente relacionadas de acordo com Meyer et al (2009). O fragmento de cada locus
amplificado foi purificado utilizando-se o kit GFX™ PCR DNA and Gel Band Purification (GE
Heathcare). Posteriormente, as amostras foram sequenciadas no automatico ABI-PRISM
3500 Genetic, de acordo com as recomendac¢des do fabricante.

As sequéncias foram editadas e comparadas com as sequéncias de cada loccus

publicadas no banco de dados do MLST do complexo de espécies C. gattii
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(http://mist.mycologylab.org) (DOU et al., 2015). Para cada loccus, um namero de alelo foi

atribuido a cada sequéncia diferente. No entanto, um novo numero foi fornecido para as
sequéncias ainda ndo existentes. Cada combinac¢do Unica de alelos, denominado “Allele
Type” (AT) ou “Sequence Type” (ST) gerou um numero de identificacdo ja correspondente
ou dado um novo numero, caso ainda ndo tenha a combinac¢do no banco de dados ou pelo
surgimento de um novo alelo. Posteriormente, os STs foram analisados no software
goeBurst para melhor compreenséo da distribuicdo e possivel identificacdo do ancestral

comum dos isolados.


http://mlst.mycologylab.org/
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ABSTRACT

Cryptococcosis is caused by fungi of the genus Cryptococcus. Owing to its importance, this
study aimed to analyze the genetic diversity of C. gattii isolates from animals, humans, and
the environment in Mato Grosso State (MT), Brazil, during November 2010-December
2017. All isolates of the C. gattii species complex were subjected to molecular genotyping
via Restriction Fragment Length Polymorphism (PCR-RFLP) and Multi-locus Sequence
Typing (MLST). PCR—-RFLP analysis revealed that 21 isolates presented the genotype VGlI,
which is considered the most common and virulent genotype globally among. MLST analysis
revealed the presence of 14 sequence types (STs), of which 5 are considered new
genotypes. Clonal Complex (CC) CC182 (n = 5; 23,80%) and CC309 (n = 3; 14,28%) were
the most frequent. CC distribution in relation to origin revealed that three CCs were found in
animals with a predominance of CC182 (66,66%), while nine were found in humans, and
two CCs were found in the environment. Extensive genetic variability was observed among
the isolates in the State of Mato Grosso. STs belonging to the already described clonal
complexes (CC) indicate the global expansion and adaptation of isolates in several other

countries. Therefore, detection of clonal complexes and STs already described in other
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regions and the occurrence of new STs in the present study help further the current
understanding of the geographic dispersion and genetic origin of the C. gattii species
complex.

Keywords: Cryptococcus gattii, Multi-locus Sequence Typing; Genotyping; Cryptococcosis.

1. INTRODUCTION

Cryptococcosis is a disease caused by fungi of the genus Cryptococcus, affecting
immunocompetent and immunocompromised humans and animals. The estimated of the
global incidence, in 2014, of cryptococcal meningitis to be substantial at 223,100 cases
annually, resulting in 181,100 annual deaths [1-3]. Owing to nomenclatural controversy, the
species of the genus Cryptococcus can be classified in accordance with Kwon-Chung et al.
[4] and are divided in two complexes of greater relevance: the “Cryptococcus neoformans
species complex” and “C. gattii speciescomplex.” Accurate taxonomy was proposed by
Hagen et al [3], that recognized seven species, excluding diploid/aneuploid hybrids, in the
C. neoformans species complex (C. neoformans and C. deneoformans) and C. gattii species
complex (C. gattii; C. deuterogattii, C. bacillisporus, C. tetragattii and C. decagattii).

The C. gattii species complex has been extensively studied because studies have
indicated their expansion to temperate regions, wherein they were previously associated
with tropical and subtropical climates [5, 6]. Considered rare, this C.gattii species complex
gained importance in an outbreak in humans and animals on Vancouver Island (Canada) in
1999 [7].

At the molecular level, the C. gattii species complex can be classified into five main
genetic groups with varying ecology and epidemiology in accordance with the geographic
region [3]. The differentiation and molecular typing of these species, using methods
including Restriction Fragment Length Polymorphism (PCR-RFLP), Amplified Fragment
Length Polymorphism Analysis (AFLP), and Multi-Locus Sequence Typing (MLST) [8], are
necessary to verify the distributions of their molecular patterns and, consequently, to provide
knowledge regarding possible virulent genes and drug resistance [3].

This study aimed to investigate the molecular diversity of C. gattii species complex in
Mato Grosso (MT) state, Brazil. This geographic location, with different biomes in the region,

which favors high genetic variability among isolates of the C. gattii species complex, can
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further the current understanding of the dynamic distribution of this yeast and to the

prevention and effective control of this disease.

2. MATERIALS AND METHODS

2.1 Isolation and culture of genus Cryptococcus

Isolates were obtained from samples sent to the routine of the Veterinary Hospital of
the Federal University of Mato Grosso (UFMT) as well as the University Hospital of Julio
Muller. It was carried out from November 2010 to December 2017. The environmental
isolates were incubated by the Mycology Laboratory (UFMT). Routinely, the isolation of
cultures suspects of genus Cryptococcus was cultured on Sabouraud dextrose agar 2%,
Sabouraud dextrose agar plus chloramphenicol (0.05 g/L), and niger seed agar (Guizotia
abysinica) [9]. The material was incubated at 30°C and 37°C and evaluated daily for 7 d,
followed by morphological evaluation using India ink for microscopic morphological analysis

and biochemical test on CGB agar (LCanavanine— Glycine—Bromothymaol blue).

2.2 DNA isolation and PCR

For molecular characterization, the isolates of genus Cryptococcus were incubated
on Sabouraud dextrose agar at 30°C for 48 h. After sample growth, DNA was extracted from
each isolate and transferred to a 2-mL microtube containing 500 ul of extraction buffer,
followed by glass pearls and phenol/chloroform, as described by Del Poeta et al [10]. The
material was stored at -20°C for use in molecular testing.

Subsequently, PCR was performed to identify the isolates in accordance with the
protocol of Aoki et al [11]. CNA 70A and CNA 70S oligonucleotide pairs specific for C.
neoformans species complex, and CNB 49A and CNB 49S specific for the C. gattii species
complex, were used to determine the species of the isolates, by amplifying products of 695
bp and 448 bp, respectively. For the identification of the SOD1 (superoxide dismutase) gene
and confirmation of the C. gattii species complex, PCR was performed as described by

D'Souza et al [12]. Amplification products, stained with Gel Red (Biotium), were subjected
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to 1.5% agarose gel electrophoresis at 100 V for 90 min and visualized on ChemiDocTM

XRS using ImageLabTM® software.

2.3 PCR-RFLP technique

PCR-RFLP analysis for genotyping was performed in accordance with the method of
Meyer et al [13]. The amplification products of the URAS5 gene were double digested with
Sau96l (10 U/L) and Hhal (20 U/ul) for 3 h and separated by electrophoresis on agarose gel
(3%). PCR-RFLP patterns were attributed by comparison with band-profile strain references
(VNI-VNIV and VGI-VGIV) [13].

2.4 MLST technique

In the MLST for isolates of the C. gattii species complex, seven genetic loci (CAP59
GPD1, LAC1, PLB1, SOD1, URAS5, and IGS1) were used to distinguish the closely related
strains as described by Meyer et al [14]. Each amplified locus was purified using the GFX™
PCR kit DNA and Gel Band Purification (GE Heathcare). Subsequently, the samples were
sequenced on the automatic ABI-PRISM 3500 Genetic Analyzer.

2.5 Software analysis

The sequences were trimmed and compared to sequences from each locus
published in the MLST database of the C. gatti species complex
(http://mlist.mycologylab.org) [15]. Subsequently, STs were analyzed in goeBurst software
to better comprehend the distribution and possible identification of a common ancestor of
the isolates.

3. RESULTS AND DISCUSSION

3.1 Isolation and culture of genus Cryptococcus
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Of the 21 isolates, 13 (61.90%) were from humans, six (28.57%) were from animals,
and two (9.52%) were from environmental samples. Indian ink was used to observe the
capsule of the genus Cryptococcus. All the samples on CGB agar were positive and
confirmed via PCR analysis. In humans, 11 (84.61%) samples were from neurological
cases, 1 (7.69%) was from a pulmonary case, and 1 (7.69%) was from a case showing both
clinical forms. The animal isolates had (dog, cat, and guinea pig) lesions on the nose or skin

and, to a lesser extent, the neurologic form (Table 1).

My copathologia

Tabhle 1 (haracteriatics of O gargi spacies complex isolates daring the yesrs 20010-2017 from humans, andimals, and the envi-
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a. PCR-RFLP analysis

PCR-RFLP analysis revealed that all the isolates belonged to genotype VGII. In
previous reports, genotype VGI was considered the most frequent; however, currently, VGII
has been the most commonly found genotype in global isolates [16]. This genotype is
distributed worldwide and has been described as the most virulent strain responsible for
infections in both immunocompetent and immunocompromised humans and animals
[17,18]. In animals, the importance of isolating this genotype can contribute to the identified
the sentinel markers of the disease and verify that this genotype can adapt to several hosts,
thus increasing its dispersion.

Associated with the outbreak on Vancouver Island, Canada, it is believed that the
evolutionary origin of this molecular type may be traced to South America, adapting to the
temperate zones [19,20,21]. Hagen et al [18] reported that phylogenetic and recombination
analysis (AFLP and SCAR-MLST) suggested that the oldest lineage originated in Brazil,
where the Amazon region is the most plausible for the origin of the VGII genotype, causing
outbreaks in British Columbia (Canada) and the Pacific Northwest (USA) and cases in
Australia. The first VGII isolate (LMM 293) identified in Brazil was in the state of Rio de
Janeiro in 1988, from a patient in the Northern region of the country [22]. The genotype was
also described in the Northeast, South, Southeast, and Mid-West Brazil [22,23,24,25,26].

b. Analysis of MLST technique

Genotyping analysis of 21 isolates via MLST revealed a considerable genetic
diversity in comparison with PCR-RFLP analysis. The presence of 14 STs was observed, of
which 5 are considered new (ST 485, ST 486, ST 487, ST 488, and ST 489). These STs are
distributed in 12 Clonal Complexes and four were “Singletons” (Figure 1). Several genotypes
were verified in Brazil and these new STs probably resulted from clonal propagation or
genetic recombination [25,27]. Furthermore, Lockhart et al [28] affirmed the existence of a
large genetic diversity that according to Souto et al [25], results from the ability to emerge

from the original habitat, adaptation, and colonization of new environments and hosts.
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Fig 1 - Analysis of isolates from the State of Mato Grosso, using the goeBurst software
showing the sequence typing, formation of the clonal complex, and respective lineages.
Central STs: Light Green = founding group, Brown = founding subgroup; Light blue: common
central ST. The samples, circled in red, are those included in this study.

The clonal complexes CC182 (n = 5; 23,80%) and CC309 (n = 3; 14,28%) were the
most frequent. The distribution of CC, in relation to the sample origin, shows that three CCs
with a predominance of CC182 (66,66%) in animals. In humans, nine CCs with a
predominance of CC309 (15,38%), CC40 (15,38%), CC20 (15,38%), and CC306 (15,38%)
were observed. In the environment, only two CCs were observed (Figure 2). CC182 and
CC309 have been reported previously in Brazil; however, the CC associated with ST40 was
the most frequent, as reported by Souto et al [25]. In addition, these same authors affirmed
that the Brazilian isolates do not show a population structure established in accordance with
the geographic region, indicating that Brazilian regions are dominated by different
genotypes.
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Fig 2 - Percentage distribution of the isolates of C. gattii VGII in relation to their origin and
Clonal Complex (CC) in the State of Mato Grosso during the period from 2010 to 2017.

CC182 was isolated in four distinct species (human, feline, canine, and guinea pig)
and is related to ST181 and the new ST489. One study reported that guinea pigs were
naturally infected by genus Cryptococcus [29]. However, the molecular identification of
genus Cryptococcus and its genotyping has not been described yet to complete the
characterization process.

The occurrence of CC182 in tropical and temperate countries has been described by
several authors in China, Caribbean Islands, and Guyana [15]. Moreover, according to
Souto et al [25], this worldwide distribution proves the proximity between many Brazilian STs
and the STs present globally, demonstrating the capacity for expansion, recombination, and
adaptation of these strains.

CC309 was isolated from two humans and one cat (ST309) and, had already been
described in S&o Paulo [30]. This ST belongs to the same lineage as that of the new ST488,
which was isolated from humans and is associated with a new allele for the SOD1 gene.

The clonal complex formed by the founder ST20 is considered hypervirulent and has
already been described in North America (related to the outbreak at Vancouver Island),
Europe and South America, the Amazon region, and the Southeast region of Brazil (S&o
Paulo state) [2,25,30,31,32]. In addition, it has been modified and expanded to several other
regions, based on the appearance of new strains. Adaptation and/or microevolution in the
environment may be associated with the high frequency of this complex in the north of Brazil
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[25] and, the isolation of ST20 may be related to human migration or the proximity of the
center-west to the northern region (Amazonica).

In relation to the CC formed by the founder ST40, this has already been described in
Bahia, S&o Paulo, Rio de Janeiro, and Mato Grosso do Sul [25,30,33], demonstrating the
capacity for dispersion. Owing to potential genetic recombination, this complex has also
been shown to be associated with the new lineage, ST487.

There was no defined founder in the group formed by ST46 and ST346; however,
ST46 was already described in Norte de Santander (Colombia) [34] and in Amazonas
(Brazil) [35]. ST316, described in humans [30] is related with ST135, which was isolated in
the state of Mato Grosso do Sul (Brazil) [25]. Further, the new ST485 is in the same lineage
as ST172, which was isolated from humans in Brasilia (Brazil) [36].

The singleton isolates ST264, ST306, ST310, and ST486 were not correlated with
any other genotype in the MLST database. However, in Sdo Paulo, Brazil, ST264, ST306,
and ST310 had already been reported in humans [30]. In addition, ST264 was also isolated
from environmental samples in Amazonas [32], as reported herein. A new allellic profile and
singleton were discovered in this study, represented by ST486.

Similar to the study by Souto et al [25], wide genetic diversity can generate highly
virulent strains, either by factors such as changes in species composition, stress, climate
change, or habitat, adaptation to regions of dry and humid climate, and variations in
temperature. Thus, the State of Mato Grosso, comprising three biomes, Amazon, Cerrado,
and Pantanal [37], may influence the clonal dispersion and/or recombination among the
genotypes. Thus, the pathogenicity of the C. gattii species complex is probably related to its

genetic diversity, global dispersion of isolates, and adaptation to different hosts [36].

4. CONCLUSION

Considerable genetic diversity of the C. gattii species complex was observed along with
the appearance of news STs in MT. The higher frequency of CC309 and CC182 isolates,
affecting both humans and animals, differed in the state of Mato Grosso from that in other
regions studies, probably owing to the presence of different biomes in the region, which
favor high genetic variability among isolates of the C. gattii species complex. This

characteristic of the pathogen is a challenge for public health owing to the effect of this
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dispersion, virulence, and resistance on treatment. In addition, higher detection of
neurological cases in humans than in animals leads us to question the route of infection and
the mechanism of action of this pathogen in the organisms of each species, thus indicating
the need for further studies on the virulence of this complex.
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Dear Editor:

Leprosy, a disease neglected in many countries, is endemic in Brazil. With a wide
diversity of fauna distributed in three biomes (Amazon Forest, Cerrado and Pantanal), the
state of Mato Grosso (MT) in the Central-West Region has the highest prevalence of human
cases: 7.75 per 10,000 inhabitants (1). Despite the scarcity of data in the literature on wild
animals naturally infected with Mycobacterium leprae, the possibility of transmission to
humans cannot be ruled out. Armadillos, red squirrels, and non-human primates are
important natural reservoirs of M. leprae in the literature, becoming possible sources of
bacillary dissemination. Thus, they make it difficult to interrupt the leprosy transmission chain
(2). Data on natural infections are scarce, making it difficult to understand the role of wild
animals in transmission of the disease. Therefore, we used PCR to detect the genetic
material of M. leprae in nasal swabs of wild animals.

Nasal swabs were collected from 69 captive and free wild animals from the MT and
Pantanal regions of Brazil, independent of the clinical signs, and sent to the Laboratory of
Microbiology and Molecular Biology, according to “Sistema de Autorizagao e Informagéao em
Biodiversidade” (SISBIO), an authorization and information system for biodiversity (n°

40617-1 and 42303). The samples were submitted for extraction of genetic material
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according to the phenol/chloroform method. PCR was performed according Woods and Cole
(3). The PCR product was purified using a GFX™ PCR DNA and Gel Band Purification kit
(GE Healthcare, Piscataway, NJ, USA) and sequenced using an ABI-PRISM 3500 Genetic
Analyzer (Life Technologies Corporation, USA). The sequences were deposited in GenBank
and compared using the BLAST program (http://www.ncbi.nlm.nih.gov/blast/Blast.cgi). Of
the 69 samples (Table 1), 6 (8.69%) wild-type free and captive animals tested positive for
M. leprae by PCR, including 1 margay (Leopardus wiedii), 2 lowland tapirs (Tapirus
terrestris), 2 capuchin monkeys (Sapajus apella), and 1 owl monkey (Aotus trivirgatus). The
detection in four different species of wild animals shows the ability of this bacillus to be
carried in different hosts. In addition, two animals were from the zoo, that could acquire M.
leprae due to close contact to humans or environmental contamination. However, in
literature the mechanism of transmission is not yet fully understood (4).

Knowledge of the environment surrounding the infected humans or animals, and the
route of infection and the mode of transmission are necessary to understand endemics in
certain regions (4). Truman et al. (5) described that isolates from human and armadillos are
identical genetically. Thus, we suggest that the possible contact of animals of this study,
which may be possible carriers of the bacillus, with other animals or with humans can
disseminate the disease, due the possibility to detect the bacillus in nasal swabs. Thus, we
observe that the detection in wild animals may be associated with high prevalence and
endemicity in the state of MT, which makes them important sources of infection. In addition,

these data contribute to a better understanding of the epidemiology of leprosy.
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Table 1 — Epidemiological data and M. leprae PCR test of the animals identified in Mato Crosso — Brazil.

D Free-ranging City Spedes Sdentific name PCR

mO9EL 16 YES Jangada Jaguarundi Puma yagougroundi Megative
m1016/16 Yes Marcelindia Jaguar Panthera once Megative
m1102/16 Mo oo Cougar Pumz concalor Megative
m113216 Mo Ziod Coat NisuE nasum Megative
m1162/16 YES Cuiabd Guinea pig Covia porcellus Megative
m1236/16 b1 Barra do Bugres Ocelot Leopardus pardalis Megative
m1285/16 Yes MA® Jaguarundi Puma yagouaroundi Megative
mi1ZH4 16 Yes Virzea Grande Capybara Hydrochoerus hydrochzeris Megative
m1335/16 Mo T Giant anteater Myrmecophaga tridectyla Megative
m1335/16 Yes Rosdrio Deste Giznt anteater Myrmecophaga tridectyla Megative
m136416 Yes Cuiabd Collared anteaters Mymmecophaga tetradactylae Megative
m1485/16 Yes zanto Antonio do Leverger Othar Lomtra longicoudis Megative
mi149116 Yes MA White-eared opossum Didelphis albiventris Megative



m Fres-ranging  City Spedes srientific name PR
mls21E Mo Zoo Agouti Casyprocto Agut MNagative
mI7EF/17  Yas M& Owl monkey Apuwtus Tivirgetus Positive Genbank
MF975704
miFele  Yes Tangard d= Serra Glant anteater Myrmecophaga tridoctyls MNagative
milTasfleE Mo Zoo Coati NOSUO NEsun MNagative
mlyee'ls  HNo T Agouti Dasyprocto aguti Magative
ml18E316 Yas Viarzes Grande Collared anteatars MyTmecophoga tetradaciyla  Megative
mllF Yag Cuiabd Capuchin monkey Sapajus apeilo Positive Genbank
MFO75703
m7aMT No Foa Cougar Puma concolor MHagative
mil53ai7  Yes Cuiabid White-eared opossum Didelphis albiventris Magative
m234f117 HNo Foa Cougar Puma concolor MHagative
mIEAT Yes Cuiabd Sapui Collithrix sp. Negative
m24a8M17 Mo Zo Maned wolf Chrysocyon brachyurus MNagative
m2EL17  Yes MA Black owler monkey Alounattn corayn MNagative
mams1? Mo Zo Lowland tzpirs THpirus termestris Positive Genbank
MFO7S70T
m34sf17  HNo T Cougar Puma concolir Magative
maryl?  Yes HA Black-tufted marmosat Collithrix percillato Magative
m514117 HNo Foa White-cheaked spider monkey  Ateles morginates MHagative
ms2317  HNo Zog White-cheaked spider monkey  Ateles morginats Magative
m530f17  Yes M& Capuchin monkey Sapajus apeila Positive Genbank
MFELEQIS
m5¥17 Yes MA Monkey A MNagative
m542M17  Yes Zanto Antdnio do Leverger  Owl monkey Aotus sp. MNagative
m543M17  Yes Santo Antdnio do Levergar  Owl monkey Aotz sp. MNagative
m7sAT Yas Cuiabd Monkey BA Magative
m7oef17 Yes Poromgé Glant anteater Myrmecophaga tridoctyls MNagative
m74117 Ho Zog Coati HOsu0 NEsuo Magative
mM74R17  Yes Pocomgé Crab-eating fox Cerdocyon thows MHagative
m7Esf17  Ho Zog Ooelot Lenpardus pardalis Magative
m7E#f17  Ho Foa Margay Lenpardus weidil Positive Genbank
MFO75706
marS17  Yes Rondondpolis Lowland tzpirs THpirus termestris Positive Genbank
MF975705
maFafil7 Mo Zo Coati NOSUO NEsun MNagative
mETELT  Yas Campa Verde Howler monkey Alountin sp. Magative
marai7 Mo Zo Crab-eating fox Cerdocyon thows MNagative
m74217 Ho Zog Coati HOsu0 NEsuo Magative
miFM7 Mo Zoo Coati NOSUO NEsun MNagative
mETLL7  Yas Cuiabd Owl monkey ADutus onare Magative
maEsFf17  Ho Foa Crab-eating fox Cerdocyon thous MHagative
mBEL17  Ho T Crab-eating fox Cerdocyon thous Magative
m10ESF1T  Yes MA Capuchin monkey SEpajus apeila MNagative
mloFn1y  Yas M& Capyhara Hydrochosrus hydrocheeris  Megative
m1126f17  Yas Tangard d= Serra Ciugar Puma comooine MNagative
mllsy17 Mo Zoo Crab-eating fox Cerdocyon thows Magative
m1247/17  Yes MA Capuchin monkey sEpajus apeila MNagative
mli5%17 HNo Foa Crab-eating fox Cerdocyon thous Magative
m1247/17 Yes M& Capuchin monkey Sapajus apeila Magative
mI1ME1T  Yes H& Capuchin monkey Sapajus apeila Magative
m1x4e/17  Yes H& Capuchin monkey Sapajus apeila Magative
mI1¥E7/1T  Yes Pocomg Capybara Hydrochoerus hydrocheerizs Megative
mMI1MEEST Yes Pocomgé Capybara Hydrochoerus hydrocheeris Megative
m1MEE1T  Yes Pocomgé Capybara Hydrochoerus hydrocheeris Megative
mlIFV17  Yes Pocomg Capybara Hydrochoerus hydrocheerizs Megative
mlIFLf17  Yes Pocomg Capybara Hydrochoerus hydrocheerizs Megative
mlITH1T Yes Pocomgé Capybara Hydrochoerus hydrocheeris Megative
m1F1T  Yes Cuiabd Owl monkey Aoutus migriceps Magative
mla0e17  Yes Chopras Cougar Fumua concolior Magative
mlIW17  Yes Cuiabd Capuchin monkey Sapajus apeila Magative
mlIF1T  Yes H& Black owler monkey Alouatto conaya Magative
m13IE1T  Yes Cuiahd Capuchin monkey Sapajus apeila Magative
mlIIN1T  Yes Cuiabd ESapui Callithrix sp. Megative

* Federal University of Mato Grosso-Cuiaba.
b NA, not availshle
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5 CONCLUSOES

5.1 Diversidade genética do complexo de espécies de Cryptococcus gattii no

Estado de Mato Grosso, Brasil.

Observou-se uma alta diversidade genética do complexo de espécies C. gattii no
estado de MT, evidenciado pelos aparecimentos de novos STs.

CC309 e CC182 tiveram maior frequéncia, afetando humanos e animais, 0 que
diverge o estado de Mato Grosso de outras regides brasileiras.

O conhecimento do complexo de espécies C. gattii ainda € um desafio para a saude
publica devido ao efeito dessa disperséo, viruléncia e resisténcia ao tratamento.
Casos de maior deteccdo neuroldgica em humanos do que em animais ainda € um
desafio no estudo do complexo de espécies C. gattii, indicando a necessidade de

mais pesquisas sobre a viruléncia dessa levedura.

5.2 Deteccao molecular de Mycobacterium leprae pela técnica de reacao pela

cadeia em polimerase, em animais silvestres de vida livre e cativeiro.

O possivel contato dos animais deste estudo, que podem ser possiveis portadores
do bacilo, com outros animais ou com humanos, pode disseminar a doenga, pela

possibilidade de detectar o bacilo em swabs nasais.

Animais silvestres podem estar associados a alta prevaléncia e endemicidade no
estado de MT, o que os torna importantes fontes de infeccao.

Este estudo contribui para um melhor entendimento da epidemiologia da

hanseniase.



