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RESUMO

TESE DE DOUTORADO EM MEDICINA TROPICAL

Dayvison Francis Saraiva Freitas

Esporotricose € uma micose subcutanea causada pelo fungo dimérfico previamente descrito
como uma Unica espécie, Sporothrix schenckii, agora entendido como um complexo de
diferentes espécies de interesse clinico. A regidao metropolitana do Rio de Janeiro constitui
area hiperendémica de esporotricose zoonética transmitida por gatos desde 1998.
Clinicamente tem se caracterizado por formas clinicas pouco usuais, manifestacbes de
hipersensibilidade e um nimero crescente de pacientes coinfectados com HIV. Este estudo
teve como objetivo avaliar fatores epidemioldgicos, micologicos, clinicos e terapéuticos
associados as diversas formas clinicas de pacientes com esporotricose. Foram utilizados o
banco hospitalar de registros de pacientes e o banco de cepas do laboratério de micologia
do Instituto de Pesquisa Clinica Evandro Chagas (IPEC), bem como técnicas de
identificacdo genotipica e laboratoriais classicas para determinagéo de viruléncia e fenoétipo
dos isolados fungicos. Foi verificado que a dacriocistite aguda (quatro casos entre 2008 e
2010) é uma manifestacdo da esporotricose que evolui com complicagbes (fistula e
dacriocistite crénica) necessitando reparacgéo cirdrgica. A Sindrome de Sweet foi observada
em trés pacientes até 2010 e deve ser incorporada como manifestacao de hipersensibilidade
da esporotricose. As 12 gestantes com esporotricose entre 2005 e 2010 apresentaram boa
evolugcdo com termoterapia local. Na andlise clinica e terapéutica de 21 casos de
esporotricose e HIV, as formas clinicas variaram com o status imunolégico dos pacientes e
ocorreu resposta terapéutica em 81% dos casos. A investigacdo diagnéstica de doenca
sistémica em pacientes com linfocitos T CD4* < 200 células/uL se imp&e. Na série histérica
avaliada, com 48 pacientes com esporotricose e HIV e 3.570 com esporotricose,
observamos que pacientes com HIV evoluiram com quadros mais disseminados,
hospitalizacdo e 6bito. Na avaliacao genotipica de 50 isolados, Sporothrix brasiliensis esteve
associado as formas pouco usuais e aos casos de hipersensibilidade. O estudo de cinco
isolados coletados ao longo de cinco anos em um paciente com quadro de esporotricose
disseminada demonstrou aumento de viruléncia no isolado obtido apés 11 anos de infeccéo
(5 anos de tratamento no IPEC), quando utilizado Galleria mellonella como modelo in vivo,
sugerindo uma adaptacdo do fungo ao hospedeiro neste periodo. Conclui-se que a
esporotricose no Rio de Janeiro esta relacionada ao surgimento de formas raras e inéditas.
Da mesma forma, tem acometido pacientes infectados pelo HIV, com morbimortalidade,
devendo ser incorporada como uma infeccdo oportunistica na sua forma disseminada. S.
brasiliensis, espécie envolvida na quase totalidade dos casos desta regido, pode ter
incremento em sua viruléncia ao longo dos anos, favorecendo sua sobrevida e dificultando a
cura do paciente.

Palavras-chave: 1. Epidemiologia. 2. Esporotricose. 3. Formas Clinicas. 4. Galleria
mellonella. 5. Genotipagem. 6. HIV. 7. Oportunistica. 8. Sindrome de Sweet. 9. Sporothrix
brasiliensis. 10. Viruléncia.
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ABSTRACT

PHD THESIS IN TROPICAL MEDICINE

Dayvison Francis Saraiva Freitas

Sporotrichosis is a subcutaneous mycosis caused by the dimorphic fungus previously
described as a single species, Sporothrix schenckii, now understood as a complex of
different species of clinical interest. The metropolitan region of Rio de Janeiro is an endemic
area of zoonotic sporotrichosis transmitted by cats since 1998. Clinically, it has been
characterized by unusual clinical presentations, manifestations of hypersensitivity and an
increasing number of patients coinfected with HIV. This study aimed to evaluate
epidemiological, mycological, clinical and therapeutic factors associated with different clinical
aspects of patients with sporotrichosis. The hospital database of patient records and the
stock strains of the laboratory of mycology of Instituto de Pesquisa Clinica Evandro Chagas
(IPEC) were used, as well as technigues for genotypic identification and classical laboratory
tools for determination of virulence and phenotype of the fungal isolates. It was found that
acute dacryocystitis (4 cases between 2008 and 2010) is a manifestation of sporotrichosis
which evolves with complications (fistula and chronic dacryocystitis) requiring surgical repair.
Sweet syndrome was observed in three patients until 2010 and should be incorporated as a
manifestation of hypersensitivity of sporotrichosis. The 12 pregnant women with
sporotrichosis between 2005 and 2010 presented a good evolution with local thermotherapy.
In the clinical and therapeutical analysis of the 21 cases of sporotrichosis and HIV, the
clinical forms varied with the immunological status of the patients, and a good therapeutic
response was seen in 81% of the cases. The diagnostic investigation of systemic disease in
immunosuppressed patients (CD4* < 200 cells/uL) is required. In the historical series
evaluated, with 48 patients with sporotrichosis and HIV, and 3,570 with sporotrichosis, it was
seen that patients with HIV evolved with more disseminated pictures, hospitalization and
death. In the genotypic evaluation of 50 isolates, Sporothrix brasiliensis was associated with
unusual aspects and cases of hypersensitivity. The study of five isolates collected over five
years in a patient with disseminated sporotrichosis demonstrated increased virulence of the
isolate obtained after 11 years of infection (5 years of treatment at IPEC), when Galleria
mellonella was used as an in vivo model, suggesting an adaptation of the fungus to the host
within this period. In conclusion, sporotrichosis in Rio de Janeiro is related to the emergence
of rare and novel aspects. On the same way, it has affected HIV-infected patients, with
morbimortality, and should be incorporated as an opportunistic infection on its disseminated
form. S. brasiliensis, the species involved in almost all cases of this region, may have an
increase in virulence over the years, favoring its survival and hindering the healing of the
patient.

Keywords: 1. Epidemiology. 2. Sporotrichosis. 3. Clinical Presentations. 4. Galleria
mellonella. 5. Genotyping. 6. HIV. 7. Opportunistic. 8. Sweet syndrome. 9. Sporothrix
brasiliensis. 10. Virulence.
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1. INTRODUGAO

1.1. REVISAO DA LITERATURA

1.1.1. HISTORICO

A esporotricose foi descrita inicialmente por Schenck em 1898, nos Estados
Unidos da América (EUA), em um paciente de 36 anos com abscesso no dedo
indicador e linfangite nodular no antebraco. O fungo isolado foi estudado pelo
micologista Erwin F. Smith, que concluiu pertencer ao género Sporotrichum
(Schenck, 1898). Em 1900, no mesmo pais, Hektoen e Perkins descreveram outro
caso, que regrediu espontaneamente. Os autores deram ao isolado a denominacéao
atual do fungo, Sporothrix schenckii. A partir de 1903 a doenca foi descrita na Franca
por Beurmann e Ramond. O fungo isolado foi chamado Sporotrichum beurmanni por
Matruchot e Ramond, em 1905 (Rippon, 1988). Em 1907 foi identificado no Brasil,
por Lutz e Splendore, o primeiro caso de infeccdo natural em animais (ratos) (Lutz;
Splendore, 1907). Em 1910, Matruchot renomeia o fungo como Sporothrichum
schencki, nomenclatura que passou a ser utilizada. Terra e Rabelo descreveram o
primeiro caso de esporotricose no Rio de Janeiro em 1912 e, desde ent&o, casos
isolados vém sendo descritos em varias regides do pais (Donadel et al., 1993). A
suscetibilidade de gatos para a infeccdo por S. schenckii foi demonstrada
experimentalmente em 1909 (de Beurmann et al., 1909). No entanto, a esporotricose
felina naturalmente adquirida foi apenas relatada no inicio dos anos 50 por Singer e
Muncie (1952), enquanto no Brasil isto se deu em 1956 (Freitas et al., 1956).

Em 1962, por diferenciacdo morfolégica, Carmichael determinou que a correta
nomenclatura do agente da esporotricose fosse Sporothrix schenckii (Rippon, 1988).

No inicio do século XX a doenca apresentava maior prevaléncia nos EUA e
na Franca, com alguns casos no restante da Europa, Ameérica do Sul, Russia e
Extremo Oriente (Rippon, 1988). Desde entéo, diversos surtos foram documentados
em varios paises: Africa do Sul (Helm; Berman, 1947), EUA (CDC, 1988; Dooley et
al., 1997), Austrdlia (Feeney et al., 2007), China (Song et al., 2013). Atualmente a
doenca tem se tornado mais frequente nas Américas Central e do Sul e na Asia, com
alguns casos na Europa. No Brasil € a micose subcutanea mais frequente (Rippon,
1988; Kwon-Chung; Bennett, 1992; Lacaz, 2002; Barros et al., 2004; da Rosa et al.,

2005; Verma et al., 2012; Song et al., 2013). Em 2007, apds analise fenotipica e
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genotipica de diversos isolados obtidos em diferentes paises, foi proposta uma
divisdo do agente Sporothrix schenckii em um complexo, composto por diferentes

espécies patogénicas (Marimon et al., 2007).

1.1.2. O AGENTE

As espécies do complexo Sporothrix schenckii pertencem ao Reino Fungi,
Divisdo Ascomycota, Classe Pyrenomycetes, Ordem Ophiostomatales, Familia
Ophiostomataceae. S&o organismos eucariéticos, heterotréficos, sem mobilidade
propria e com parede celular quitinosa e rigida. Vivem saprofiticamente na natureza
e Sao patogénicas para os seres humanos e os animais (Guarro et al., 1999).

Sao fungos dimorficos que, na fase saprofitica ou quando cultivados a 25°C
em meios como Agar Extrato de Malte ou Agar Batata Dextrose, apresentam
colonias inicialmente com cor branca que assumem gradativamente uma coloracao
marrom a preta, ao formar conidios escuros (Figura 1A) (Kwon-Chung; Bennett,
1992). Algumas cepas, no entanto, tém a capacidade de formar colénias escuras
desde o inicio do crescimento (Zancopé-Oliveira et al.,, 2011). As colbnias de
Sporothrix spp. na forma filamentosa nunca se tornam cotonosas ou flocosas (Kwon-
Chung; Bennett, 1992). Microscopicamente, apresentam hifas hialinas septadas e
conidios unicelulares demaceos ou ndo, sésseis ou dispostos em conidiéforos
(Figura 1C) (St-Germain; Summerbell, 1996). Em parasitismo ou em cultivo a 35-
37°C, Sporothrix spp. apresentam colbnias de coloracdo bege amarelada e aspecto
cremoso (Figura 1B) (Rippon, 1988). Microscopicamente se apresentam sob a forma
de leveduras unicelulares ovaladas, globosas ou em forma de charuto, podendo ter
um ou mais brotamentos (Figura 1D) (Zancopé-Oliveira et al., 2011). A transicdo da
forma filamentosa para a leveduriforme em Sporothrix spp. pode ser alcangada por
meio da cultura de fragmentos de micélios e conidios em meios de cultura ricos,
como Agar infusdo de cérebro e coracdo (BHI - Brain Heart Infusion) a 35-37°C.
Esse processo de transicdo também ocorre quando os pacientes sao infectados com
Sporothrix spp. na forma filamentosa. A transformacdo morfolégica em nivel
ultraestrutural ocorre por formacgao direta de brotamentos nas pontas e ao longo das
hifas em conjunto com a formacdo de células arredondadas apds septacdo das
hifas, sem alteracdes visiveis do conteudo citoplasmatico da célula-mée micelial.

Acredita-se ndo haver brotamento direto de leveduras a partir dos conidios, sendo
2



gue estes se alongam formando hifas e dai, surgem as leveduras (Howard, 1961;
Garrison et al., 1975).

Figura 1: Morfologia de Sporothrix spp. (A): colénia filamentosa em Agar Batata Dextrose apds 21
dias de incubacdo a 25°C. (B): coldnias leveduriformes em Agar infusdo de cérebro e coracdo apos
10 dias de incubacéo a 36°C. (C): microcultivo da forma filamentosa corado com lactofenol azul de
algoddo (aumento de 400X). Seta continua indica conidi6foro simpodial e seta tracejada indica
conidio demaceo. (D): Microscopia de células leveduriformes coradas com lactofenol azul de algodao
apresentando brotamentos em forma de charuto (aumento de 400X). Barras: 10 um. (Extraido de
Almeida-Paes, 2012)



O desenvolvimento de métodos moleculares baseados na detec¢cdo de acido
desoxirribonucleico (DNA) para identificacdo de isolados fungicos podera promover
uma reducdo no tempo do diagndstico, mantendo ou melhorando a especificidade,
sensibilidade e precisdo quando comparado a cultura fungica (Oliveira et al., 2014a).
Poucos métodos moleculares tém sido aplicados na detec¢do de DNA de Sporothrix
spp. a partir de espécimes clinicos e na identificacdo de Sporothrix spp. em cultura.
O estudo pioneiro utilizando a metodologia de detec¢cdo de DNA para o diagndstico
de infeccbes fungicas foi relatado por Sandhu et al. (1995), no qual os autores
desenvolveram 21 primers especificos com alvo para a grande subunidade do &cido
ribonucleico ribossomal (rRNA) de diversos fungos, incluindo Sporothrix spp. Os
resultados apresentaram um alto nivel de especificidade (Sandhu et al., 1995).
Estudos prévios utilizando a analise do DNA mitocondrial apresentaram
heterogeneidade de perfis em cepas de Sporothrix spp. (Suzuki et al., 1988; Takeda
et al.,, 1991). Diversos estudos taxonémicos moleculares utilizando diferentes
metodologias, como a restriction fragment length polymorphism (RFLP) de diferentes
genes alvos, random amplified polymorphic DNA (RAPD), sequenciamento do DNA
da regido de transcricdo interna do rRNA (ITS), reacdo em cadeia da polimerase
(PCR) com alvo no gene da enzima topoisomerase Il, amplified fragment length
polymorphism (AFLP), e M13 PCR fingerprinting demonstraram que isolados de S.
schenckii lato sensu apresentavam polimorfismos, sugerindo que poderiam nao ser
apenas uma espécie (Oliveira et al., 2014a).

Em 2007, Marimon et al. sugeriram que S. schenckii ndo deveria ser
considerada a Unica espécie causadora da esporotricose, uma vez que por meio da
combinacéo de caracteristicas fenotipicas (macroscopia da col6nia, microscopia dos
conidios, assimilacdo de sacarose e rafinose, capacidade de crescer a 37°C) e
genotipicas (sequenciamento parcial do gene da calmodulina), uma chave de
identificacdo foi desenvolvida. Esses autores propuseram a criagdo de trés novas
espécies:

a. S. brasiliensis - espécie relacionada a epidemia zoonadtica de esporotricose no
estado do Rio de Janeiro, Brasil (Marimon et al., 2007; Oliveira et al., 2011);

b. S. globosa - espécie pouco virulenta e mundialmente distribuida (Madrid et al.,
2009; Oliveira et al., 2010; Cruz et al., 2012) e

c. S. mexicana - encontrada em certas amostras ambientais do México e casos de
esporotricose na Europa e no Brasil (Marimon et al.,, 2007; Dias et al., 2011,
Rodrigues et al., 2013a).



Essas foram associadas as demais espécies ja existentes S. schenckii e S. albicans,
recentemente renomeada como S. pallida (de Meyer et al., 2008). A espécie S.
pallida apresenta uma caracteristica peculiar que € a presenca apenas de conidios
hialinos. Posteriormente, Marimon et al. sugeriram que S. schenckii var. luriei
deveria, também, ser considerada uma nova espécie, S. luriei, ap0s estudos
baseados na mesma metodologia proposta um ano antes (Marimon et al., 2008a).

Até o presente ndo se conhece o teleomorfo do género Sporothrix, embora
haja fortes evidéncias moleculares de que estes fungos sofram mecanismos de
recombinacdo na natureza (Mesa-Arango et al., 2002) e possuam genes
relacionados a reproducéo sexuada (Kano et al., 2013).

Outra espécie fora do complexo de espécies de Sporothrix patogénicas, S.
cyanescens, foi isolada de amostras de sangue e pele de pacientes humanos, mas
estudos de patogenicidade concluiram que, embora este fungo possa crescer a
37°C, ele ndo é virulento (Sigler et al., 1990).

Também foram descritas, por de Meyer et al. (2008), trés outras espécies
ambientais do género Sporothrix: S. stylites, S. humicola e S. lignivora. As duas
primeiras espécies diferem de S. schenckii pela incapacidade de produzir conidios
melanizados e consequente ndo-escurecimento das colbnias com o tempo. S.
lignivora tem conidios distintos que ndo correspondem em tamanho ou forma aos de
outras espécies de Sporothrix ou espécies do género Ophiostoma. E interessante
notar que os isolados classificados como S. humicola eram anteriormente referidos
como isolados ambientais de S. schenckii. Em seu estudo, os autores concluiram
que a analise da sequéncia de B-tubulina é fortemente recomendada nos estudos
taxondmicos das espécies de Sporothrix isoladas do meio ambiente.

Baseados nos estudos de Marimon et al. (2007, 2008a), Romeo et al. (2011)
analisaram a filogenia molecular e epidemiologia das espécies de Sporothrix
isoladas na Italia, demonstrando 26 cepas ambientais identificadas como S.
albicans, e dois isolados clinicos como S. schenckii. Uma analise filogenética
baseada no rDNA e no gene da B-tubulina de S. albicans, S. pallida e S. nivea
revelou grande semelhanca entre as trés espécies, sendo proposto que fossem
classificadas como S. pallida. Os autores demonstraram também que a analise do
sequenciamento parcial da B-tubulina € recomendada em estudos taxonémicos de
Sporothrix spp. isoladas do ambiente (de Meyer et al.,, 2008). A analise do

sequenciamento parcial da B-tubulina, permitiu a descricdo mais detalhada de outras



duas espécies ambientais de Sporothrix: S. brunneoviolacea e S. dimorphospora
(Madrid H et al., 2010).

Oliveira et al. (2012) descreveram uma PCR fingerprinting utilizando o primer
universal T3B, para distinguir as espécies do complexo Sporothrix schenckii: S.
brasiliensis, S. globosa, S. mexicana e S. schenckii. Essa metodologia gerou
padrées de bandas distintos, permitindo a correta identificagdo de isolados clinicos
em nivel de espécie, confirmados pelo sequenciamento parcial do gene da
calmodulina. Esta metodologia é simples, confiavel, rapida e de baixo custo, sendo
um sistema de identificacdo ideal para utilizacdo em laboratérios clinicos de

micologia que ndo disponham de recursos para o sequenciamento de DNA.

1.1.3. FATORES DE VIRULENCIA

Pode-se definir fator de viruléncia como um recurso que permite a um
microrganismo sobreviver e muitas vezes ampliar seu crescimento no hospedeiro. A
origem da viruléncia microbiana tem sido o objetivo principal de varios estudos. Em
geral, a teoria mais aceita € que, por interagcdes microbianas com outros organismos
presentes no habitat natural do patdégeno, os microrganismos adquirem estratégias
de sobrevivéncia que levam o0 micrébio a ter uma maior viruléncia quando
acidentalmente encontrarem um hospedeiro animal (Casadevall, 2012). Por
exemplo, esses microrganismos, no hospedeiro mamifero, normalmente tém a
capacidade de formar biofilmes, possuem mecanismos para a aquisicdo de ferro e
produzem enzimas proteoliticas que levam a uma maior viruléncia (Casadevall,
2006).

Pouco se sabe sobre os fatores de viruléncia de Sporothrix spp. devido a
escassez de estudos neste campo, em parte porque nao € possivel realizar estudos
genéticos classicos em Sporothrix spp., ja que seu teleomorfo € desconhecido. No
entanto, alguns provaveis fatores de viruléncia tém sido propostos em algumas

investigacdes, como discutido a sequir.

1.1.3.1. TERMOTOLERANCIA
Um dos fatores de viruléncia de Sporothrix spp., bem como de outros fungos
patogénicos, € a termotolerancia, ou seja, a capacidade dos fungos em suportar e

crescer na temperatura corporea dos hospedeiros endotérmicos (Hogan et al.,
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1996). Na verdade, os isolados de Sporothrix spp. capazes de crescer a 35°C, mas
ndo a 37°C sdo incapazes de causar esporotricose linfatica, produzindo lesbes
cutaneas fixas. Os fungos isolados de formas linfaticas, disseminadas e de lesdes
extracutaneas apresentam tolerancia e crescimento a 37°C (Kwon-Chung; Bennett,
1992; Tachibana et al., 1998; Mesa-Arango et al., 2002).

A espécie S. globosa tem baixa termotolerancia, apresentando grande
inibicdo do seu crescimento quando incubada a 37°C (Marimon et al., 2007). Esta
mesma espécie, quando inoculada em camundongos, é a que apresenta menor
viruléncia quando comparada as demais espécies do complexo, ndo matando os
animais e apresentando baixa carga parasitaria e inflamacdo local nos
camundongos infectados, independentemente do tamanho de indculo utilizado
(Arrilaga-Moncrieff et al., 2009). A infeccdo humana por esta espécie, no entanto,
nao aparenta ser diferente das demais, necessitando de tratamento para sua
resolucao (Oliveira et al., 2010, 2014Db).

1.1.3.2. ATIVIDADE PROTEOLITICA

Proteases e outras enzimas como lipases e urease facilitam a adeséo e
penetracdo de fungos nas células e tecidos do hospedeiro, propiciando maior
capacidade de invasdo e disseminacdo da infeccdo, além de conferir evasao do
sistema imune hospedeiro. Esta atividade enziméatica também aumenta a
biodisponibilidade de nutrientes essenciais, em meio a escassez (Abi-chacra et al.,
2013). H& formas distintas de se demonstrar sua producéo, sendo a degradacdo de
uma forma cromogénica de albumina, uma delas (Figura 2).

A producdo de proteases extracelulares foi relatada em leveduras do
complexo Candida parapsilosis (Abi-chacra et al., 2013). Essas proteases
secretadas tém papel reconhecido na viruléncia de espécies patogénicas do género
Candida, sendo que a auséncia na sua producdo pode acarretar perda desta
patogenicidade, marcada por incapacidade em sobreviver no soro e dentro dos
macrofagos humanos. J& foi proposto que também possam contribuir para o
descolamento das leveduras de C. parapsilosis aderidas em biofilmes (Tavanti et al.,
2010). Almeida-Paes (2012) demonstrou a atividade proteolitica a 37°C em todos 0s
15 isolados analisados (14 S. brasiliensis e 1 S. schenckii) obtidos de pacientes
oriundos da regidao hiperendémica para esporotricose do Rio de Janeiro. Entretanto,
apenas 3 isolados, todos da espécie S. brasiliensis, apresentaram esta atividade a



30°C. Esse autor ndo conseguiu relacionar a producdo de proteases as diferentes

formas clinicas de esporotricose observadas no Rio de Janeiro.
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Figura 2: Producéo de protease por S. brasiliensis. O halo de degradacdo da azoalbumina no agar é
observado ao redor das colbnias, com perda da pigmentacdo amarelo-ouro caracteristica desta
proteina cromogénica e que evidencia a atividade proteolitica.

1.1.3.3. PRODUGAO DE UREASE
Urease é um importante fator de viruléncia estudado em Coccidioides

posadasii, e € responsavel pela alcalinizagdo do pH do microambiente externo das
esférulas, contribuindo para o dano tecidual e para exacerbar a infeccdo (Mirbod-
Donovan et al., 2006). Esta enzima também € um importante fator de viruléncia em
Cryptococcus neoformans (Figura 3), permitindo a transmigracédo do fungo para o
parénquima cerebral, num processo que pode ser inibido pela flurofamida, um

inibidor da enzima urease (Shi et al., 2010).
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Figura 3. Producdo de urease. Alcalinizacdo do caldo de ureia de Christensen promove alteracao de
sua cor laranja para o réseo, evidenciando a atividade ureasica das cepas de C. neoformans.
Candida parapsilosis ndo altera a coloragéo laranja, pois nao degrada a ureia do meio (tubo a direita).
(Gentilmente cedido por Lué Cardoso, Mestrando em Doencas Infecciosas - IPEC).



As col6nias de Sporothrix spp. (entdo consideradas S. schenckii) obtidas de
espécimes clinicos no Canada foram urease negativas ap0s sete dias, e tornaram-se
urease positivas ao décimo-quarto dia (Sigler et al., 1990). Em estudo realizado com
leveduras de Sporothrix oriundas da india mostraram que nenhum dos 49 isolados
testados foi capaz de degradar ureia, somente havendo producdo de urease na
forma filamentosa (Ghosh et al.,, 2002). Entretanto, outros estudos verificaram
variacdo na producédo de urease (Marimon et al., 2007), e alta producdo de urease
apos quatro dias de incubagcdo em isolados de S. brasiliensis do Rio de Janeiro,
frente a isolados de S. schenckii (Almeida-Paes, 2012).

1.1.3.4. ADESINAS

Adesdo primaria a células endoteliais e epiteliais, bem como aos
componentes da matriz extracelular € essencial para uma invasdo efetiva dos
tecidos do hospedeiro por patdgenos. Tanto as células de levedura como o0s
conidios de Sporothrix spp. sédo capazes de reconhecer trés importantes
glicoproteinas da matriz extracelular: fibronectina, laminina e colageno do tipo Il
(Lima et al., 1999, 2001). Alguns estudos demonstram que o fungo apresenta
integrinas ou adesinas semelhantes a lectinas que reconhecem a fibronectina
humana em vérios pontos da molécula (Lima et al., 2001). As moléculas de adesao a
fibronectina estdo localizadas na superficie de células de levedura e sua expressao
esta relacionada com a viruléncia do fungo (Teixeira et al., 2009). Sabe-se também
gque esses receptores para fibronectina sao diferentes dos receptores de laminina.
Ambos estdo presentes tanto em leveduras como nas hifas de Sporothrix spp.,
apesar das leveduras terem maior capacidade de se ligar a matriz extracelular. A
existéncia destas adesinas favoreceria a adesédo para infectar os tecidos e também a
disseminacéao do fungo pelo corpo (Lima et al., 2004). A expressao destas moléculas
em Sporothrix spp. estd provavelmente relacionada a viruléncia, ja que a sua
expressao preferencial se d4 na forma parasitaria e ndo na forma saprofitica do
fungo. Uma glicoproteina de 70kDa obtida de um isolado de S. schenckii foi descrita,
e sua participacdo na adesao a matriz extracelular dérmica foi demonstrada (Ruiz-

Baca et al., 2009).

1.1.3.5. OUTRAS PROTEINAS
O papel de diversas proteinas relacionadas a viruléncia de diferentes fungos

patogénicos tem sido elucidado. No entanto, a funcdo de diferentes proteinas de
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Sporothrix spp. na viruléncia deste patdégeno ainda € incerta. Acredita-se que
fosfatases &cidas tenham algum papel na interacdo entre fungos e macrofagos,
embora ndo haja evidéncias definitivas para apoiar esta teoria (Hogan et al., 1996).
Peptido-ramnomananas da parede celular de Sporothrix spp. causam depressao da
resposta imune até a sexta semana de infeccdo e podem agir como fator de

viruléncia (Carlos et al., 1998).

1.1.3.6. PEROXIDO DE ERGOSTEROL

Uma andlise dos lipidios de Sporothrix spp. utilizando métodos
espectroscopicos identificou peroxido de ergosterol em leveduras. Este composto
pode ser convertido em ergosterol quando em contato com uma enzima extraida do
fungo. O perdxido de ergosterol foi encontrado em um fungo patogénico pela
primeira vez em Sporothrix spp., € age como um mecanismo de protegao para
escapar de espécies reativas de oxigénio durante a fagocitose e também pode
representar um fator de viruléncia. Aparentemente, no entanto, a sobrevivéncia de
leveduras virulentas de Sporothrix spp. apds a fagocitose por polimorfonucleares
hospedeiros é baseada, além desta, em outras estratégias de escape (Sgarbi et al.,
1997; Carlos et al., 2009).

1.1.3.7. MELANINA

Melaninas sdo pigmentos ubiquos produzidos por uma ampla gama de
organismos vivos, desde bactérias aos seres humanos (Riley, 1997; Nosanchuk;
Casadevall, 2003). Elas apresentam tipicamente cor marrom-escura ou negra (Liu;
Nizet, 2009) e possuem um alto peso molecular (Hamilton; Gomez, 2002). Melaninas
sao sintetizadas por varias vias metabdlicas, todas convergindo para a polimerizacdo
oxidativa de compostos fendlicos ou inddlicos (Gomez; Nosanchuk, 2003;
Nosanchuk; Casadevall, 2006). Algumas das propriedades fisicas e quimicas das
melaninas incluem uma carga negativa, hidrofobicidade e insolubilidade em ambos
solventes aquosos e organicos (Jacobson, 2000).

Até o momento, nenhuma estrutura definitiva foi encontrada para qualquer um
dos tipos de melanina por causa de sua insolubilidade, o que torna os estudos sobre
melaninas muito dificeis (Riley, 1997; Nosanchuk; Casadevall, 2006). Em geral,
melaninas flngicas sdo estudadas apdés a digestdo de células com enzimas
proteoliticas e glicoliticas, seguida de extracdo com agentes desnaturantes e acido

concentrado quente. Este tratamento produz particulas escuras mantendo a forma
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celular original, mas desprovidas de citoplasma ou organelas, e que sao referidas
como “fantasmas” de melanina (Wang et al., 1996).

Varios tipos de melaninas podem ser encontrados na natureza. O principal
tipo de melanina encontrado dentro do Reino Fungi é a melanina 1,8-di-hidroxi
naftaleno (DHN) (Figura 4A) sintetizada a partir de acetil-coenzima A (CoA) ou
malonil-CoA por vias de producao de policetideos (Wheeler; Bell, 1988; Langfelder et
al., 2003). E importante observar que, uma vez que a biossintese deste tipo de
melanina comeca com um produto de vias metabdlicas celulares essenciais, como a
glicOlise e via das pentoses fosfato, a melanina-DHN pode ser sintetizada sem a
presenca de qualquer precursor no ambiente de crescimento dos fungos. Outros
tipos de melaninas fungicas sao sintetizados apenas se um precursor especifico
estiver presente durante o crescimento do fungo. O precursor mais comum para a
sintese de melaninas fungicas é a L-tirosina. Dois tipos de melanina podem ser
formados na presenca deste aminoacido: eumelanina (Figura 4B) e piomelanina
(Figura 4C) (semelhante ao pigmento humano alcaptomelanina) (Almeida-Paes et
al., 2012a).

A B .

Figura 4. Trés tipos distintos de melanina produzidos por Sporothrix spp. A) melanina DHN
evidenciando o contorno de um conidio; B) eumelanina produzida por leveduras na presenca de L-
DOPA e C) piomelanina produzida por leveduras em meio adicionado com L-tirosina a direita; o
frasco a esquerda continha leveduras mortas e foi usado como controle. (Fotografias extraidas de
Almeida-Paes, 2012)
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Ambas morfologias de Sporothrix spp. tém a capacidade de sintetizar
melanina. A producdo de melanina em conidios demaceos de Sporothrix spp. ocorre
pela via DHN (Romero-Martinez et al., 2000). Macroscopicamente, apenas a fase
miceliana do fungo € melanizada, no entanto a producéo de melanina em leveduras
foi demonstrada in vitro e durante a infeccdo. A formagéo de melanina DHN, sem
adicdo de precursores, foi observada somente em leveduras e conidios. Hifas,
quando tratadas com enzimas, agentes desnaturantes e acido quente, s&o
totalmente digeridas sem que restem particulas compativeis com DHN (Morris-Jones
et al., 2003).

A melanizacdo dos conidios aumenta a sua resisténcia a fagocitose por
macréfagos (Romero-Martinez et al., 2000). Melanizacdo também tem importancia
na patogénese da esporotricose cutanea, uma vez que amostras pigmentadas
selvagens de S. schenckii apresentaram maior capacidade invasiva do que uma
cepa mutante albina em um modelo experimental de esporotricose em ratos (Madrid
| et al., 2010a). Melanizacéo in vivo foi confirmada pelo isolamento de particulas de
melanina a partir de tecidos de animais infectados por Sporothrix spp. e pela
deteccdo de anticorpos reativos contra melanina em soros de pacientes humanos

com esporotricose (Morris-Jones et al., 2003).

1.1.4. EPIDEMIOLOGIA

O agente da esporotricose vive no solo, geralmente associado a vegetais,
podendo ser isolado, além do solo, de plantas, palha, insetos mortos, entre outros. E
patogénico para os homens e os animais (Rippon, 1988; Kwon-Chung; Bennett,
1992).

Alguns animais tém sido relacionados a transmissao zoonoética de Sporothrix
spp. Os animais mais comumente descritos sdo 0s gatos, que desenvolvem a
doenca, muitas vezes com quadros graves e evolucdo para o Obito, veiculando o
parasita pela arranhadura, mordedura e exsudato de lesGes. No meio silvestre, 0s
tatus podem apresentar a infeccdo e atuar como transmissores do fungo pela
arranhadura, apesar do fungo néo ter sido ainda isolado de sua epiderme. Outros
casos humanos relatados tém sido associados a picadas de mosquitos, abelhas,
cobras, bicadas de papagaios ou mordidas de ratos, cavalos, cachorros e peixes. Os

individuos que por profissdo ou habitos de vida lidam com essas situacfes sao 0s
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mais predispostos a infeccdo como floristas, jardineiros, fazendeiros, horticultores,
mineiros, feirantes, veterinarios e tratadores de animais (Rippon, 1988; Kwon-Chung;
Bennett, 1992; Schubach; Schubach, 2000; Schubach et al., 2001; Lacaz, 2002;
Barros et al., 2004). A esporotricose tem distribuicAo mundial, sendo mais frequente
em regides de clima tropical e temperado. E provavel que muitos paises com alto
potencial de numero de casos ndo os relatem internacionalmente e talvez nem
cheguem ao diagnéstico definitivo, o que leva a nimeros subestimados da doenca
no mundo. Nos Gltimos anos, as maiores casuisticas foram de Brasil, China, india,
Japao, México, Peru e Uruguai (Barros et al., 2011a).

Diversos surtos foram documentados em varios paises, mas a maior epidemia
no século XX ocorreu na Africa do Sul onde, entre os anos de 1941 e 1944, cerca de
3.000 mineradores de ouro foram infectados pelo fungo presente nas vigas de
madeira de sustentacdo dos tuneis das minas (Helm; Berman, 1947). Nos EUA,
especialmente no vale do Mississipi, foram descritos surtos relacionados ao trabalho
em florestas, com mudas de pinheiro e manipulagéo de musgo (CDC, 1988). Entre
0S anos de 1992 e 1993, também nos EUA, ocorreu uma microepidemia de
esporotricose pela contaminacdo de pessoas pelo feno estocado em uma casa
abandonada, onde se realizavam festas de Halloween (Dooley et al., 1997). No
Sudoeste da Austrdlia entre os anos de 2000 e 2003 houve um surto tendo
novamente o feno como material contaminado (Feeney et al., 2007). No nordeste da
China, atualmente hd um aumento no numero de casos de esporotricose, com
publicacdo de 457 casos humanos entre os anos de 2007 e 2009 (Song et al., 2013).
Estudos genotipicos de alguns isolados desta epidemia apontam S. globosa como a
espécie responsavel pelos casos, sendo a manipulacdo de gravetos para
aguecimento domiciliar nos meses de inverno, a forma de aquisicdo da doenca (Yu
et al.,, 2013; Liu et al.,, 2014). Esta regido epidémica ja ultrapassou 2.000 casos,
segundo informagdes obtidas durante o 1° Encontro Internacional de Sporothrix e
Esporotricose, realizado na cidade do Rio de Janeiro em outubro de 2013 (Li et al.,
2013). As maiores casuisticas brasileiras com a transmissao classica pelo solo ou
matéria organica sao provenientes dos estados de Sao Paulo, com 235 casos
humanos confirmados até o ano de 1953 (Sampaio et al., 1954) e Rio Grande do
Sul, com 646 casos humanos acumulados em diferentes casuisticas entre os anos
1957 e 2002 (Londero; Ramos, 1989; Lopes et al., 1999; da Rosa et al., 2005).

O papel do gato na transmissdo zoonética de esporotricose ganhou

importancia a partir dos anos 80, quando Read e Sperling (1982) relataram um surto
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envolvendo cinco pessoas expostas a um gato com esporotricose. Desde entéo,
pequenos surtos de transmissdo zoonética foram documentados. No Brasil, os
principais surtos descritos tinham ocorrido no estado de Sao Paulo, envolvendo 4
gatos domeésticos e 3 humanos (Marques et al., 1993) e no Rio Grande do Sul, com
envolvimento de 15 gatos e 3 humanos (Madrid | et al., 2010b), ambos surtos de
pequena monta e com rapido controle.

No Rio de Janeiro, o que inicialmente era considerado mais um surto assumiu
proporcdes maiores e, hoje, jA com mais de 15 anos desde 0 aumento no numero de
casos de esporotricose intimamente atribuida a transmissao por gatos (domeésticos
ou errantes), vivemos uma epidemia, ou mesmo, uma hiperendemia de
esporotricose (Freitas et al., 2010). O potencial zoonético do gato foi demonstrado
em um estudo com a presenca de Sporothrix em diferentes espécimes clinicos
coletados tanto de gatos com esporotricose, como de gatos aparentemente
saudaveis (Schubach et al.,, 2002). Em 2004, Schubach et al. descreveram a
casuistica de 347 gatos com esporotricose provenientes desta epidemia e
observaram um amplo espectro clinico: desde formas subclinicas a disseminadas e
fatais (Figura 5). Diferente do que ocorre no ser humano, a forma linfocutanea foi
menos frequente (19,3%), predominando lesdes cutaneas multiplas (39,5%) e lesdes
nas mucosas das vias respiratérias e digestorias superiores (34,9%) (Schubach et
al., 2004). A disseminacdo do fungo havia sido verificada tanto pelo alto percentual
de positividade em hemoculturas (34,4%), como pela observacdo do agente na pele
e em Vvarios 6rgaos internos em 10 gatos necropsiados. (Schubach et al., 2003).

Até 2011, no Laboratério de Pesquisa Clinica em Dermatozoonoses em
Animais Domésticos (Lapclin-Dermzoo) do Instituto de Pesquisa Clinica Evandro
Chagas (IPEC) havia registro de 3.804 gatos com esporotricose (Pereira et al.,
2012). Os caes parecem nao desempenhar um papel importante na cadeia
epidemiologica da micose, com numero bem menor de casos (120 até o ano de
2009), ndo tendo sido comprovada, até dezembro de 2009, a transmissao ao ser
humano por esses animais (Barros et al., 2010).

Ja se sabe, por estudos moleculares de alguns isolados desta epidemia, que
S. brasiliensis é a principal espécie envolvida (Oliveira et al., 2011). Também, em
outro estudo recente, comprovou-se que a espeécie S. brasiliensis esta associada

aos casos felinos no Brasil (Rodrigues et al., 2013b).
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Figura 5. Esporotricose felina. A) Les&o localizada no membro anterior direito; B) Lesdes cutaneo-
mucosas na face; C) Lesdes cuténeas disseminadas. (Imagens gentiimente cedidas pelo Lapclin-
Dermzoo/IPEC/Fiocruz)

1.1.5. FISIOPATOGENIA

A infeccéo por Sporothrix spp. geralmente decorre de pequenos traumatismos
com prejuizo da integridade da epiderme. Na transmissdo classica, a matéria
organica contaminada com o fungo é inoculada por meio de gravetos, espinhos,
palha ou outro veiculo, por isso € comumente conhecida como “doenga da roseira”
ou “doenca do jardineiro”. Apdés inoculacdo, o fungo alcanca as camadas mais
profundas, onde assumira a forma parasitaria. Nos casos associados aos animais,
principalmente o gato, o traumatismo advém de arranhadura, mordedura ou mesmo
de lesBes traumaticas prévias, com inoculacao posterior do fungo, sem trauma pelo
gato. Gatos com esporotricose tém alta carga parasitaria em suas lesdes e, neste

modo de transmisséo, 0os humanos podem ser infectados diretamente por leveduras,
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ou por hifas (Schubach et al., 2002; Barros et al., 2004). O fungo pode permanecer
no tecido subcuténeo, disseminar-se para os linfaticos subjacentes e/ou por via
hematogénica (Rippon, 1988; Kwon-Chung; Bennett, 1992), esta ultima atribuida a
interacdo do fungo com células endoteliais do hospedeiro, como ja descrito in vitro
(Figueiredo et al., 2004). As lesdes surgem de 3 dias a 12 semanas apos a
inoculacdo do agente no organismo, porém ndo raramente, a doenca pode ter
evolucdo subclinica e cura espontanea.

A infeccdo por via inalatéria € tida como extremamente rara, acometendo
principalmente etilistas, e determina uma forma pulmonar primaria, semelhante a
tuberculose em sua apresentacao clinica, pois a area apical do pulmao parece ser o
sitio de infec¢do mais frequente (Rippon, 1988).

A resposta imunolégica do hospedeiro, a carga parasitaria, a profundidade da
inoculacéo e a tolerancia térmica da cepa vao determinar a apresentacéo clinica da

doenca (Lopes et al., 1999). Outro fator determinante é a viruléncia do fungo.

1.1.6. RESPOSTA IMUNE

A viruléncia de Sporothrix spp. € um dos fatores que afetam o
desenvolvimento da esporotricose, assim como a resposta imune do hospedeiro
(Carlos et al., 2009). Os mecanismos imunolégicos envolvidos na prevencdo e no
controle das infeccfes por Sporothrix spp. ainda ndo sdo muito bem compreendidos.
No entanto, eles provavelmente incluem tanto a resposta imune celular como
humoral (Carlos et al.,, 1992, 2009; Maia et al., 2006), as quais parecem ser
desencadeadas por tipos distintos de antigenos de superficie celular, especialmente
alguns lipidios com acdo na ativacdo de células do sistema imune. A resposta
humoral € induzida por proteinas secretadas pelo fungo, os exoantigenos, que néao
estdo envolvidos na resposta celular (Carlos et al., 2003). A resposta imune inata
também desempenha uma funcao protetora na patogénese da esporotricose (Carlos
et al., 2009).

O sistema complemento pode ser ativado por Sporothrix spp., especialmente
a via alternativa, embora a ativacdo da via classica ndo possa ser excluida. A
ativacdo do complemento pode auxiliar na fagocitose de leveduras de Sporothrix

spp. por células do hospedeiro por deposicdo do componente C3b na parede celular
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fungica. Além disso, o complexo de ataque a membrana também contribui para a lise
das leveduras (Torinuki; Tagami, 1985; Scott et al., 1986).

Estudos recentes enfatizam a importancia de receptores do tipo Toll na
esporotricose. TLR-4, também designado CD284, é uma importante molécula
envolvida na ativacdo do sistema imune inato e na esporotricose é capaz de
reconhecer moléculas de um extrato de lipidios da forma de levedura do fungo. Essa
interacdo leva a inducdo de uma resposta oxidativa contra o fungo (Carlos et al.,
2009). De fato, a importancia de receptores do tipo Toll na esporotricose ocorre nos
estagios mais iniciais da infec¢cdo, nos quais queratinécitos participam da resposta
inflamatoéria na esporotricose reconhecendo, por receptores TLR-2 e TLR-4, tanto
conidios como leveduras, em fases bem iniciais da infec¢do (Li M et al., 2012).
Neutrofilos também participam da imunidade inata contra Sporothrix spp., conforme
demonstrado por imunohistoquimica (Morgado et al., 2011) e por infeccéo
experimental em camundongos com doenca granulomatosa cronica (Kajiwara et al.,
2004). A acao destas células provavelmente reside na producdo de metabdlitos
oxidativos com acao fungicida e fungistatica (Kajiwara et al., 2004; Barros et al.,
2011a). Outros dados mostram que pacientes com a forma linfocutanea da
esporotricose apresentam, por exemplo, maiores niveis de 6xido nitrico sintase
induzivel (Morgado et al., 2011).

Imunidade adquirida contra o fungo requer a acdo de macrofagos ativados.
Eles podem ser ativados durante a esporotricose por linfécitos T CD4*, que liberam
interferon (IFN)-y, um forte ativador de macréfagos (Tachibana et al., 1999), e por
outras células apresentadoras de antigeno, estabelecendo uma ligacdo entre as
respostas imunes inata e adaptativa (Carlos et al., 2009). Durante o inicio da
infeccdo ocorre producao do fator de necrose tumoral (TNF)-a, uma citocina que age
em macrofagos ativados para produzir 6xido nitrico (Carlos et al., 2003), um agente
oxidante que apresenta elevado efeito citotéxico contra Sporothrix spp. (Fernandes
K et al., 2000). Esta citocina também é produzida no final da infeccdo, o que
proporciona sua resolucéo total (Maia et al., 2006).

Embora o oxido nitrico seja uma molécula fungicida, este composto pode
estar implicado com imunossupressao in vivo, porque os niveis elevados de TNF-a e
oxido nitrico liberados apds a disseminacdo da levedura pelos tecidos levam a
sintese de moléculas que suprimem a resposta de células T, como IL-10, Fas-L e
CTLA-4. Este efeito deletério do 6xido nitrico ocorre apenas apos a infeccao inicial,

tornando-se crucial algum tempo depois da inoculagcéo do fungo (Fernandes K et al.,
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2008). Na verdade, TNF-a tem sua produgao drasticamente diminuida quatro a seis
semanas apoés a infec¢cdo experimental, permitindo ao fungo reproduzir e infectar
tecidos do hospedeiro. Uma situacdo oposta ocorre dois meses apos a infeccéo,
qguando os niveis de IL-1 e TNF-a aumentam, favorecendo a eliminagcdo do fungo
(Carlos et al., 1994).

Mondcitos e macréfagos, apds a fagocitose de conidios e de leveduras de
Sporothrix spp., também séo fortemente induzidos a produzir formas reativas de
oxigénio (Romero-Martinez et al., 2000). Esses reagentes, anion superoxido e
especialmente seus metabdlitos oxidativos, também produzidos por neutrdfilos,
estdo envolvidos nas respostas fungistatica e fungicida, e sua auséncia esta
relacionada a uma maior letalidade em infec¢cdes experimentais de camundongos
(Kajiwara et al., 2004). Assim, a resposta Thl é de grande importancia na
patogénese da esporotricose, atuando como fator de controle da infeccéo fungica, e
sua ativacdo diferencial leva a diferentes manifestacdes clinicas da doenca
(Uenotsuchi et al., 2006).

A resposta imune humoral na esporotricose é dirigida por IL-4 produzida por
células Th2. Na esporotricose experimental, a liberacdo de IL-4 é refor¢cada cinco a
seis semanas apo6s a infeccdo (Maia et al., 2006), sugerindo a participacdo da
resposta imune humoral apenas em estagios avancados da esporotricose (Carlos et
al., 2009). Anticorpos podem ter algum efeito sobre o desenvolvimento de Sporothrix
spp., j& que um anticorpo monoclonal contra um antigeno glicolipidico é capaz de
impedir o crescimento do fungo e sua diferenciacao in vitro (Toledo et al., 2010). Um
anticorpo monoclonal contra a adesina de 70 kDa também é protetor em um modelo
murino de esporotricose (Nascimento et al., 2008), e anticorpos presentes no soro
de pacientes com esporotricose sdo capazes de reconhecer varias isoformas de
proteinas de 70 kDa (Almeida-Paes et al., 2012b). No entanto, pouco se sabe sobre
0s anticorpos produzidos durante o curso da esporotricose naturalmente adquirida.
Tem sido descrito que camundongos infectados com Sporothrix spp. sdo capazes de
produzir anticorpos da classe IgG1l e IgG3 especificos contra uma proteina de 70
kDa do fungo durante a infeccdo experimental, e talvez estes anticorpos estejam
relacionados a eliminacdo do agente nesses organismos (Nascimento; Almeida,
2005). Durante o curso da esporotricose humana, nosso grupo demonstrou a
producéo de IgG, IgM e IgA contra exoantigenos da fase filamentosa de Sporothrix
spp. Como pacientes com diferentes formas clinicas da esporotricose produzem

guantidades similares desses anticorpos, a resposta imune humoral contra proteinas
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secretadas por Sporothrix spp. ndo deve ter um papel fundamental na patogenia da

esporotricose, possuindo apenas valor diagndéstico (Almeida-Paes et al., 2007a).

1.1.7. FORMAS CLINICAS

A esporotricose afeta ambos 0s sexos e pode ocorrer em qualquer idade. Na
maioria das vezes € uma infeccdo benigna restrita a pele, tecido celular subcutaneo
e vasos linfaticos adjacentes (Rippon, 1988; Kwon-Chung; Bennett, 1992; Lacaz,
2002; Zancopé-Oliveira et al., 2011).

Ha variacdes nas classificacdes clinicas adotadas por diferentes autores e
agui serd citada uma divisdo em quatro formas clinicas, baseada na descricao feita
por Sampaio et al. (1954):

Linfocutanea: é a apresentacdo mais comum e compreende até 75% dos

casos, representando a forma tipica e de mais facil diagnostico clinico de
esporotricose. As lesBes sdo localizadas geralmente nas extremidades superiores e
caracterizadas por uma lesédo primaria que surge apos dias ou semanas no local da
inoculacdo. Pode ser ulcerada de base infiltrada, papulosa, nodular, nédulo-
ulcerada, Ulcero-gomosa ou placa vegetante; a partir desta lesdo inicial, em trajeto
dos vasos linfaticos, forma-se cadeia de nddulos indolores, que podem amolecer e
ulcerar com pouco exsudato, fazendo o “aspecto esporotricoide”. Geralmente ndo ha
acometimento dos ganglios linfaticos regionais, nem alteracdes cutaneas entre os
nédulos, mas nesta area pode ser encontrado eritema; via de regra a dor é discreta,
mas quando presente costuma estar associada a aumento de eritema e supuracao,
0 gque pode evidenciar infec¢cdo secundaria (Figura 6A).

Cutanea fixa: ocorre quando a lesdo permanece restrita ao sitio de

inoculacdo, sem acometimento dos vasos linfaticos e 6rgéos internos; € a segunda
forma mais comum e abrange cerca de 20% dos casos, sendo mais frequente em
criangas e individuos em bom estado geral. Atribui-se esta forma clinica a uma
sensibilizagdo prévia do individuo ao fungo, notadamente em areas endémicas, o
que proporciona um melhor controle imunologico do hospedeiro, com limitacdo da
lesdo. Sitios comumente afetados sdo face, pescoco e tronco. As lesbes séo
Ulceras, placas verrucosas, acneiformes ou placas infiltradas. Pequenas lesdes
satélites sdo comuns. Este tipo clinico provoca duvida diagnostica frequente com

piodermite, cromoblastomicose, tuberculose cutanea, micobacteriose atipica, sifilis
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terciaria, leishmaniose cutanea e até mesmo carcinoma cutadneo. Nao infrequente
ocorre involucdo espontanea da lesdo, em contrapartida, também é uma das formas
em que se encontra maior cronicidade, principalmente nas formas verrucosas
exuberantes (Figura 6B).

Cutanea disseminada: atinge menos de 5% dos pacientes e acomete

especialmente aqueles com comprometimento do sistema imunolégico. Apés
inoculacdo através da pele, ocorre a disseminacdo por via hematogénica, com
lesGes inicialmente subcutaneas, amolecidas que, apds semanas oOu meses,
ulceram; é bastante rara, mas tem sido descrita em pacientes com aids (sindrome da
imunodeficiéncia humana adquirida), inclusive como primeira manifestacdo desta
sindrome e em pacientes sem nenhuma imunodepressdo aparente. Pode haver
sério comprometimento do estado geral e tem curso subagudo e indolente (Donadel
et al.,, 1993). Na transmissao por gatos, esta forma tem sido descrita com maior
frequéncia (Figura 6D-F), e uma explicacdo € a ocorréncia de multiplas inoculagdes
que o gato proporciona em um mesmo hospedeiro humano (Barros et al., 2004,
Freitas et al., 2010).

Figura 6. Formas clinicas de esporotricose humana. A) Linfocutdnea no membro superior; B)
Cutanea fixa no membro superior; C) Extracutanea pulmonar (a seta aponta a cavitagcdo no apice do
pulméo esquerdo); D-F) Cuténea disseminada (face, dorso do tronco e membro superior de uma
mesma paciente).

7

Extracutdnea: corresponde a menos de 2% dos casos e é de dificll

diagndstico. Surge apoOs disseminacdo hematogénica do fungo, inalacdo de
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conidios, contiguidade com lesdo cutanea ou inoculacdo direta — a exemplo das
regibes mucosas. Qualquer 6rgdo ou tecido pode ser acometido pela esporotricose e
0s sintomas séo relacionados ao 6rgdo comprometido, acompanhados de febre e
comprometimento geral em alguns casos. A gquase totalidade dos pacientes com
esta forma também apresenta lesdo cutdnea. Imunodepressdo expressa por
condi¢cdes como diabetes, etilismo, neoplasia, corticoterapia e aids € frequente nesta
forma da micose (Rippon, 1988; Kwon-Chung; Bennett, 1992; Lacaz, 2002).
Algumas formas de destaque sao:

- Osteoarticular: depois da pele, € o local mais frequentemente acometido. Os
0ssos mais afetados séo tibia, ossos pequenos das maos, radio, ulna e ossos do
cranio e da face, junto das articulagbes das maos, cotovelo, punho, joelho e
tornozelo. As lesbes podem se apresentar como granulomas solitarios ou artrite
destrutiva, com grandes lesdes de intensa destruicdo 6ssea e tenossinovite
associada, resultando em fratura espontanea; lesdes semelhantes a osteomielite e a
periostite também podem aparecer. As imagens radiograficas deixam davida com
relacdo a ostedlise por desuso.

- Pulmonar: é mais frequente como doenca primaria por inalagdo de conidios
e ndo consequente a disseminacédo do fungo. Esta infeccao pode ser assintomatica.
Clinicamente, a esporotricose pulmonar manifesta-se como doencga cavitaria crénica
pulmonar ou linfadenomegalia hilar macica, esta Ultima com certa frequéncia de
resolucao espontanea (Figura 6C). As manifestacdes clinicas sdo semelhantes as de
outras micoses pulmonares, tuberculose e sarcoidose, com febre, tosse e mal-estar.
Uma revisdo de 86 casos relatados entre 1960 e 2010 confirmou estes achados e
contabilizou 64 casos pulmonares primarios e 22 multifocais, e demonstrou que
hemoptise foi sinal associado a forma cavitaria primaria (Aung et al., 2013).

- Ocular: destaca-se dentre as formas mucosas e resulta tanto da infeccao
exdgena, como de disseminacdo hematogénica e pode manifestar-se como
conjuntivite (com granulomas caracteristicos visiveis de aspecto “miolo de pao”),
episclerite, dacriocistite, ulceragdo corneal, uveite, irite nodular, lesdo retrobulbar,
panoftalmite, ulceracéo e ectropia, levando a cegueira total em raros casos.

- Mucosa: boca, faringe, nariz e laringe sao locais possiveis de acometimento
tanto por via direta quanto hematogénica. Enantema, ulceragdo, supuracdo e
vegetacao fazem parte da clinica.

- Nervosa: abscesso cerebral ou meningite cronica podem ocorrer. A

meningite € indolente, associada com hipoglicorraquia, hiperproteinorraquia e baixa
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celularidade mononuclear. Uma complicacdo comum e potencialmente grave nestes
casos € a hidrocefalia.

Condi¢des clinicas associadas ndo sdo infrequentes no curso da
esporotricose. Além dos sintomas gerais como febre, mal-estar, cefaleia, astenia, e
outros ja citados aqui, sinais e sintomas de hipersensibilidade ao fungo no
organismo sao apresentados por alguns pacientes (Barros et al., 2004, Freitas et al.,
2010). As reacbes de hipersensibilidade descritas até o momento, atribuidas a
esporotricose incluem eritema nodoso (Figura 7A-B) (Gutierrez-Galhardo et al.,
2002), eritema multiforme (Figura 7C-D) (Gutierrez-Galhardo et al., 2005) e artrite
reativa (Orofino-Costa et al.,, 2010). Nas lesGes de eritema, as alteracbes
histopatolégicas sdo a de um infiltrado reativo e a procura do agente causador é
sempre negativa (Gutierrez-Galhardo et al.,, 2002, 2005). Nos casos de artrite
reativa, os exames de imagem nao sdo compativeis com lesao articular infecciosa e

resolvem com o tratamento do foco da micose (Orofino-Costa et al., 2010).

Figura 7. Reacdes de hipersensibilidade associadas a esporotricose. A e B) Esporotricose
linfocutdnea no membro superior e eritema nodoso nos membros inferiores de uma mesma paciente;
C e D) Esporotricose cutanea fixa no pé e eritema multiforme no dorso do tronco e membros
superiores de uma mesma paciente.
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1.1.7.1. ESPOROTRICOSE E INFECGAO PELO HIV

Em relacdo a infeccdo pelo HIV foram Lipstein-Kresch et al. em 1985, que
chamaram a atencdo para o carater oportunistico que Sporothrix spp. poderia
assumir nestes pacientes. Tratava-se de um paciente com lesdes cutaneas que
evoluiu com artrite de punhos e dedos sendo Sporothrix isolado em pele e liquido
sinovial. Apesar do tratamento com anfotericina B e melhora do quadro, o paciente
evoluiu para 6bito por complicacdo da esporotricose e de outras associacdes da aids
(Lipstein-Kresch et al., 1985). Desde os primeiros casos relatados de esporotricose e
infeccdo pelo HIV, varios relatos de casos vieram no decorrer da epidemia de
HIV/aids e até hoje somam 36 casos publicados mundialmente.

A maioria dos casos relatados apresentou a forma disseminada com
imunodeficiéncia ja instalada (linfocitos T CD4* < 200/uL), tendo sido inclusive
descrita como primeira infec¢cdo oportunistica em pelo menos trés destes individuos
(Al-Tawfig; Wools, 1998; Neto et al., 1999; Silva-Vergara et al., 2012). A forma
cutdnea com lesdes ulceradas e/ou nodulos disseminados foi a principal
manifestacdo observada (Bibler et al., 1986; Bolao et al., 1994; Al-Tawfig; Wools,
1998; Neto et al., 1999). Entretanto, a forma localizada, a linfangitica nodular, e
lesbes atipicas de dificil diagnostico, como lesBes psoriasiformes e Ulceras
semelhantes a pioderma gangrenoso também foram descritas (Keiser; Whittle, 1991;
Al-Tawfig; Wools, 1998).

O sistema osteoarticular foi o sitio extracutaneo mais frequentemente
acometido na esporotricose, sob a forma de monoartrite, poliartrite e tenossinovite,
sendo as falanges e os joelhos as articulagdes mais envolvidas (Matter et al., 1984;
Lipstein-Kresch et al., 1985; Shaw et al., 1989; Oscherwitz; Rinaldi, 1992; Edwards
et al., 2000). O sistema nervoso central (SNC) foi 0 segundo sitio extracutaneo mais
afetado (Heller; Fuhrer, 1991; Keiser; Whittle, 1991; Penn et al., 1992; Donabedian
et al., 1994; Dong et al., 1995).

A meningite por esporotricose € um evento raro, mesmo em pacientes
imunossuprimidos. Recentemente, a maioria dos casos publicados de meningite por
esporotricose esteve associada a infeccdo pelo HIV (Gutierrez-Galhardo et al.,
2010). O diagnostico de meningite muitas vezes € dificil pela pobreza de elementos
fungicos ao exame de liquor. Penn et al. (1992) relataram um paciente com aids e
esporotricose que somente apds cinco meses do aparecimento das lesdes cutaneas

foi feito o diagndstico de meningite (com realizacdo de quatro exames liquoéricos).
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Estes achados sdo contrastantes quando o espécime biolégico € exsudato ou
bidpsia cutanea, nos quais Sporothrix é evidenciado com relativa facilidade.

Esporotricose envolvendo cavidade oral esteve associada a quadro cutaneo
disseminado (Aarestrup et al.,, 2001). Em relagdo ao acometimento do sistema
respiratorio, foi descrito sinusite invasiva de trés meses de evolucédo. Neste caso, 0
paciente costumava manipular um musgo nas suas atividades de jardinagem e a
infecc@o ocorreu por via inalatoria e/ou por autoinoculacao, facilitada provavelmente
pelo uso de corticoide inalatorio (Morgan; Reves, 1996).

Um outro aspecto interessante na associacdo de esporotricose e infeccao
pelo HIV foi o encontro inédito de hifas de Sporothrix em grande quantidade no
exame de escarro em um paciente com tosse produtiva, com conversao para a
forma de leveduras em meio de cultivo (Gori et al., 1997). Esta morfologia com hifas
€ observada na natureza, em saprofitismo. Neste caso, aspectos fenotipicos da
cepa, como uma maior viruléncia, associados a imunodeficiéncia do hospedeiro,
podem ter contribuido para os achados.

Além das manifestacbes descritas, uveite granulomatosa por esporotricose
em um paciente que vinha sendo tratado com anfotericina B intravenosa também foi
verificada, e o paciente evoluiu com endoftalmite e enucleacdo. Provavelmente o
uso de corticoide local acelerou o processo (Kurosawa et al., 1988). Outro achado

nao usual foi o de orquite associada a leséo cutanea e artrite (Ware et al., 1999).

1.1.8. DIAGNOSTICO

1.1.8.1. DIAGNOSTICO MiCcOLOGICO

No diagndstico laboratorial, os elementos de Sporothrix spp. no exame direto
sdo raramente visualizados (Kwon-Chung; Bennett, 1992; Zancopé-Oliveira et al.,
2011). Ocasionalmente, podem-se ver formas leveduriformes em navetas ou
charutos cercados por um halo claro em esfregagcos corados ao Giemsa. O
isolamento de Sporothrix spp. em cultura a partir de espécimes clinicos como
exsudato, escarro ou raspado da leséo € o padréo ouro. A semeadura do fungo em
Agar-Sabouraud com antibiéticos resulta no aparecimento de colénias em 3 a 5 dias,
porém esse periodo pode se estender a 4 semanas. O exame microscopico da
cultura em temperatura ambiente revela a forma miceliana com hifas finas, hialinas,

septadas e ramificadas com conidios unicelulares ovais ou piriformes dispostos ao
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longo da hifa com aparéncia de cachos ou buqué. Esses conidios podem se
apresentar como demaceos ou hialinos. Como Sporothrix spp. apresentam
dimorfismo térmico reversivel, tornam-se leveduriformes quando cultivadas entre 35
e 37°C. Nesta forma, o fungo se reproduz por brotamento e ndo forma conidios. A
conversdo do fungo produtor de conidios demaceos da forma filamentosa para
leveduriforme confirma o diagnéstico (Rippon, 1988; Kwon-Chung; Bennett, 1992;
Penha; Bezerra, 2000; Lacaz, 2002; Zancopé-Oliveira et al., 2011).

1.1.8.2. DIAGNOSTICO HISTOPATOLOGICO

Os achados histopatolégicos em geral sdo inespecificos e apresentam
semelhancas com outras doengas infecciosas e inflamatorias. Muito comumente sdo
vistos dermatite difusa e infiltrado inflamatério granulomatoso com necrose caseosa
ou de liguefacéo (Quintella et al., 2011, 2012). As estruturas fangicas sao raramente
visiveis e sao coradas positiva e irregularmente no Gram, melhor coradas por acido
periédico de Schiff (PAS) ou métodos de impregnacédo pela prata, medem 3-5um,
podem ter formato de levedura ou semelhante a um charuto, Unico ou multiplo
brotamento. O granuloma mais tipico pode exibir trés regides distintas: a central com
predominio de polimorfonucleares e necrose; a intermediaria composta por células
gigantes e epitelioides e a externa mostra vasos com proliferagdo endotelial e
infiltrado linfocitario, plasmacitos, fibroblastos e alguns eosindfilos (Ramos-e-Silva,
1972). Nas lesbes mais crbnicas surge uma exuberante reacao
pseudoepiteliomatosa. H& uma estrutura considerada tipica, porém nao
patognomoénica e raramente visivel que é o “corpo asteroide”; esta € formada pela
estrutura fungica basofilica cercada por raios eosinofilicos de complexos antigeno-
anticorpos, reacdo denominada fenbmeno de Splendore-Hoeppli (pela contribuicédo
dos dois autores na observacdo e descricdo do achado) (Rippon, 1988; Kwon-
Chung; Bennett, 1992; Lacaz, 2002).

1.1.8.3. INTRADERMORREACAO

O teste cutaneo (intradermorreacdo) com esporotriquina detecta
hipersensibilidade tardia (resposta imune celular). Ndo é utlizado como rotina
diagnostica, uma vez que pode ser positivo em pacientes sem doenca ativa e
negativo nas formas extracutaneas e disseminadas (Ramos-e-Silva, 1972). A sua
principal utilizacdo € em inquéritos epidemioldgicos para estudos de prevaléncia em

determinadas areas geograficas, ja que é usualmente positivo em mais de 90% dos
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casos comprovados de esporotricose (Itoh et al., 1986; Alchorne et al., 1990). Vale

destacar que esta técnica esta cada vez mais em desuso.

1.1.8.4. DIAGNOSTICO SOROLOGICO

Provas sorolégicas sdo uteis no diagndstico da esporotricose, embora néo
sejam utilizadas frequentemente. As mais citadas na literatura sdo: fixacdo do
complemento, imunofluorescéncia direta, imunodifusdo dupla, soroaglutinacdo do
latex e ELISA. O resultado positivo dessas provas € sugestivo, porém nao confirma o
diagndstico de esporotricose. Esses exames séo Uteis principalmente em casos com
acometimento extracutaneo, em que 0 acesso a coleta de amostra para andlise
micoldgica se torna dificil como, por exemplo, no envolvimento do SNC e 0sso0s.

Técnicas soroldgicas por ensaio imunoenzimatico (ELISA) demonstram alta
sensibilidade no diagndstico de esporotricose, entretanto algumas apresentam
reacao cruzada com soros de portadores de leishmaniose tegumentar americana.
Penha e Bezerra (2000) conseguiram a deteccao de anticorpos contra uma peptido-
ramnomanana capaz de se ligar a concanavalina-A da parede celular de Sporothrix
spp. por um teste ELISA demonstrando 100% de sensibilidade e baixo grau de
reacao cruzada com soro de pacientes com leishmaniose cutadnea. Almeida-Paes et
al. (2007b), ao avaliarem soro de 90 pacientes com esporotricose utilizando a
técnica de ELISA com exoantigeno da fase miceliana do fungo, encontraram
sensibilidade de 97% e especificidade de 89%. Fernandes G et al. (2011) realizaram
um estudo comparando o antigeno purificado e o exoantigeno, cujos resultados
demonstraram respectivamente, 90 e 96% de sensibilidade e 96 e 98% de
especificidade, corroborando esses dados apresentados por Almeida-Paes. Esse
meétodo diagndstico ainda ndo esta estabelecido como rotina, uma vez que ainda
nao foi superada a reacgdo cruzada com as diversas infecgdes fungicas.

O teste de immunoblot foi usado pela primeira vez para o sorodiagnostico da
esporotricose em 1989, quando o exoantigeno da fase leveduriforme de Sporothrix
spp. apresentou 100% de sensibilidade e 95% de especificidade para a deteccao de
anticorpos em amostras de soro (Scott; Muchmore, 1989). Almeida-Paes et al.
(2012b) descreveram a aplicabilidade do immunoblot em uma area endémica de
esporotricose utilizando antigenos de superficie ndo covalentemente ligados a
parede celular de células leveduriformes de S. brasiliensis no diagnéstico da
esporotricose, que apresentou sensibilidade de 92,9% e especificidade de 80%

guando duas ou mais bandas foram reveladas nas tiras contendo o antigeno.
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1.1.8.5. DIAGNOSTICO MOLECULAR

O diagnéstico baseado na amplificacdo das sequéncias génicas de fungos por
PCR é uma ferramenta poderosa para a identificacdo de micoses invasivas. A
primeira PCR para a identificacdo de Sporothrix spp. foi descrita por Kano et al.
(2001). Iniciadores baseados no gene codificador da CHS 1 (quitina sintase 1) foram
desenhados e a PCR foi capaz de detectar 10 pg de fragmento de DNA gendmico
de Sporothrix spp. Posteriormente essa metodologia foi utilizada para o diagnéstico
molecular da esporotricose (Kano et al., 2005). Uma nested PCR para deteccao de
Sporothrix spp. foi avaliada em amostras clinicas utilizando como alvo a regido do
gene 18S rRNA. Essa reacdo detectou DNA de Sporothrix spp. em amostras de
tecidos de animais infectados ou de amostras clinicas de pacientes com
esporotricose, confirmados por cultura ou coloracéo histoquimica. O ensaio mostrou
uma alta sensibilidade e especificidade, indicando que poderia permitir o diagnéstico
rapido, com precisdo suficiente para ser Gtil no diagnostico de pacientes com
esporotricose (Hu et al., 2003). Liu X et al. (2013) relataram uma PCR em biopsia de
tecido utilizando o primer para o gene codificador da CHS, S2-R2, que apresentou
reacfes positivas em 25 de 30 casos (83,3%). Esses primers também foram
utilizados com sucesso para o diagnostico da esporotricose felina, sem apresentar
reacbes cruzadas com células da pele de gatos sadios ou infectados com outros
fungos dimoérficos (Kano et al., 2005). Contudo, estes estudos nao permitiram a
classificacdo em nivel de espécie do complexo Sporothrix schenckii, o que foi

conseguido posteriormente, como j& detalhado na sessao “O Agente” desta tese.

1.1.9. TRATAMENTO

A solucado saturada de iodeto de potassio (SSKI), descoberta no século XIX,
ainda é um dos farmacos mais prescritos para o tratamento da esporotricose nas
formas cutaneas por ser efetiva e de baixo custo. O seu mecanismo de acdo é
desconhecido. Tem sido sugerido que este sal atue na resolugédo dos granulomas
pelo aumento da protedlise. Outros sugerem que ele promova 0 aumento da
fagocitose (Barros et al., 2011a; Reis et al., 2012). Estudos in vitro sugerem que este
farmaco promova destruicdo da parede das leveduras durante a conversao da forma
iodeto para iodo (Torres-Mendoza et al., 1997). E um farmaco de dificil utilizaco,

uma vez que se deve aumentar gradualmente a dose (de 5 até 40 gotas) para ser
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bem tolerado e ser administrado trés vezes ao dia com agua ou, preferencialmente,
suco ou leite. Efeitos adversos frequentemente relatados sdo: gosto metalico,
nausea, vomitos, anorexia, epigastralgia e diarreia. Esses efeitos podem ser
atenuados pela reducdo da dose ou suspensédo temporaria do farmaco. Com o uso
prolongado, alguns pacientes podem apresentar sintomas de iodismo (acentuado
gosto metalico e queimacédo na boca, sialorreia, sensibilidade nos dentes e gengivas
e cefaleia) ou toxicidade pelo potassio (arritmias, fraqueza, confusdo mental,
parestesia em maos) (Sterling; Heymann, 2000).

Devido aos efeitos adversos relacionados a SSKI, outras opcdes foram mais
exploradas, como os derivados azdlicos. Atualmente, o itraconazol é o farmaco de
eleicdo para o tratamento da esporotricose cutanea (Barros et al., 2004, 2011a,
2011b; Kauffman et al., 2007). Este, por via oral, é bem tolerado, sendo necessarios
cuidados especiais com interacdo farmacoldgica e eventual dano hepético. No
tratamento da esporotricose cutdnea a dose recomendada varia de 100 a 200 mg
por dia. Em um estudo foram relatados cinco pacientes com esporotricose cutanea
tratados com pulsoterapia de itraconazol (400 mg/dia por uma semana a cada més),
sendo que quatro destes pacientes evoluiram para cura apds uma média de trés
pulsos e meio (Bonifaz et al., 2008). Barros et al. (2011b), avaliando 645 pacientes,
demonstraram sucesso terapéutico com 100 mg/dia de itraconazol.

O itraconazol é um derivado triazélico que interage com enzimas do citocromo
P450 inibindo a sintese do ergosterol na membrana celular do fungo, o que prejudica
sua permeabilidade. Este farmaco é metabolizado no figado, principalmente pela
isoenzima CYP3A4 do citocromo P450, por isso interage com outros farmacos
metabolizados por esta via (Katz, 1999). Estdo descritas 202 interacdes
farmacoldgicas de intensidades decrescentes: 32 delas implicam em contraindicacéo
absoluta ao seu uso, 95 em interagéo grave, 73 em moderada e 2 em interacao leve
(Micromedex, 2014).

A terbinafina é outro farmaco que vem sendo utilizado com sucesso na terapia
da esporotricose cutanea, quando o itraconazol ndo pode ser utilizado (Francesconi
et al., 2009), pois apresenta menos interacdes farmacologicas (12 interacdes
descritas). E um derivado alilamina que atua bloqueando a sintese do ergosterol
pela inibicAo da enzima esqualeno epoxidase. O seu metabolismo € hepéatico e
apresenta, também, pequena ligacdo com as enzimas microssomais do citocromo
P450 (em torno de 5% da capacidade total), por isso acredita-se que nao altere a

disponibilidade de outros farmacos metabolizados por este sistema enzimatico. Sua
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excrecdo é renal (80%) e em paciente com insuficiéncia renal e hepatica o clearance
da terbinafina diminui em 50% (Micromedex, 2014).

Estudos de sensibilidade demonstraram uma boa atividade in vitro do
itraconazol, da terbinafina e do posaconazol contra Sporothrix spp. (Meinerz et al.,
2007; Gutierrez-Galhardo et al., 2008; Silveira et al., 2009). Trés estudos usando
terbinafina em pacientes humanos demonstraram eficacia em doses variando de 250
a 1000 mg/dia (Chapman et al., 2004; Francesconi et al., 2009, 2011). Posaconazol
€ um farmaco triazélico de segunda geragcdo, com amplo espectro, mas seu uso na
esporotricose ainda deve ser avaliado (Scheinfeld, 2007; Silveira et al., 2009). Em
um estudo in vivo em murinos este farmaco foi capaz de evitar a morte por S.
schenckii e S. brasiliensis nos animais testados, bem como reduzir a carga fungica
tecidual a niveis préximos aos conseguidos com anfotericina B (Fernandez-Silva et
al., 2012). Recentemente, este farmaco foi utilizado com sucesso em combinacéo
com a anfotericina B no tratamento de esporotricose disseminada, por S. schenckii,
em um paciente com leucemia de células T cabeludas (Bunce et al., 2012).

Nas formas mais graves os farmacos de escolha séo o itraconazol em doses
maiores (200 a 400 mg ao dia) ou a anfotericina B. Esta ultima, um antifingico
poliénico produzido pelo actinomiceto Streptomyces nodosus, € efetiva em infusao
intravenosa na dose de 0,25 a 1 mg/kg/dia com dose cumulativa de 2 a 4 gramas,
conforme a resposta clinica; entretanto apresenta inimeros efeitos adversos, além
de toxicidade renal e cardiaca. As apresentacdes deste farmaco em disperséo
coloidal ou lipossomal apresentam reacdes adversas semelhantes as da
apresentacao convencional, mas menos frequentes e de menor intensidade, o que
permite a utilizacdo de doses maiores, encurtando o tempo de tratamento (Kauffman
et al., 2007).

1.1.9.1. TRATAMENTO ADJUVANTE

Tratamentos adjuvantes podem ser empregados com éxito em diversas
situacdes. O calor local (42°C a 43°C) com bolsa de agua quente, fonte de
infravermelho ou método similar, por cerca de 15 a 20 minutos, trés vezes ao dia
esta indicado em lesbes nodulares e fistulizadas. Esta forma de tratamento baseia-
se na sensibilidade do fungo a altas temperaturas, constituindo importante
alternativa terapéutica em gestantes e em pessoas com risco aumentado para 0 uso
dos farmacos (Rippon, 1988; Kwon-Chung; Bennett, 1992; Barros et al., 2001, 2004,

Lacaz, 2002; da Rosa et al., 2005; Kauffman et al., 2007).
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Solucdes contendo iodo sdo empregadas nas lesGes ulceradas, atentando
para sensibilidade a este elemento e extensao das lesbes. A absor¢cdo macica do
iodo traz efeitos deletérios em pacientes com insuficiéncia renal. Na esporotricose é
habitual a persisténcia de lesdes infiltradas e residuais a despeito da cicatrizacao
das demais. A curetagem e/ou eletrocoagulacdo destas lesbes muitas vezes
possibilita a suspensdo do antifungico (Valle; Gutierrez-Galhardo, 2012). Outro
método com excelentes resultados é a crioterapia. Nosso grupo tem sido pioneiro no
Seu uso, e empregamos muitas vezes no inicio do tratamento nas lesdes verrucosas
ou Ulcero-vegetantes Unicas (Ferreira et al., 2011). Uma outra situagdo que
empregamos é nas lesdes cutaneas mdultiplas associadas a aids. Acreditamos que
este método, ao destruir parcialmente a lesdo possibilita uma melhor
disponibilizacdo do farmaco. Sao realizadas sessfes a cada 15 a 30 dias, de 2 ciclos
com um tempo de congelamento de 15 a 20 segundos. A aspiracdo de nodulos
flutuantes confere alivio e favorece a cicatrizacdo (Valle; Gutierrez-Galhardo, 2012).
Recentemente, a terapia fotodindmica adjuvante ao itraconazol foi empregada com
sucesso no tratamento de uma forma localizada verrucosa de esporotricose
previamente tratada sem sucesso com itraconazol e terbinafina (Gilaberte et al.,
2014).

1.1.9.2. TRATAMENTO DE GESTANTES

As gestantes, se possivel, ndo devem receber tratamento farmacoldgico até o
término da gestacdo. Nas formas linfocutanea e cutanea fixa pode-se fazer aplicacéo
diaria de calor local, e aguardar o final da amamentacdo para tratamento
farmacoldgico, caso persistam as lesfes, pois 0os farmacos indicados passam para o
leite materno e podem causar prejuizos ao lactente. Em caso de disseminacédo da
doenca ou de dificil controle, a anfotericina B deve ser empregada (Valle; Gutierrez-
Galhardo, 2012).
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1.1.10. MEDIDAS DE CONTROLE

Medidas de controle e profilaxia podem ser adotadas, tais como: uso de luvas
e roupas de mangas longas no manuseio de plantas ou outros materiais que possam
facilitar a exposicdo ao fungo; uso de calcados em trabalhos rurais (Barros et al.,
2011a); encaminhamento de individuos com lesfes suspeitas de esporotricose para
um servigo de referéncia em dermatologia.

No caso da esporotricose zoonética, deve ser realizado o tratamento dos
animais doentes e, se possivel, o isolamento destes até a cicatrizacdo das lesdes;
uso de luvas de latex durante o manuseio destes animais; castracdo dos gatos, para
diminuir as visitas a rua; cremacdo dos animais mortos com esporotricose, para
evitar que o fungo se perpetue na natureza; descontaminacéo das instalacées com
hipoclorito de sddio; conscientizacdo da populacdo contra o abandono dos animais
doentes e das carcagas dos animais mortos com a doenca; esclarecimento aos
proprietarios de animais com o diagnéstico de esporotricose sobre a doenca, 0s
modos de transmissao e a profilaxia (Schubach; Schubach, 2000; Schubach et al.,
2001, 2005; Barros et al., 2011a).

A notificagdo dos casos pode contribuir para que acbes sejam prontamente

executadas com o intuito de controlar surtos nas diferentes regides.
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1.2. RACIONAL E JUSTIFICATIVA

A esporotricose sob forma de zoonose é€ rara. Entretanto, desde 1998, ocorre
a maior epidemia zoondética de esporotricose ja registrada no mundo transmitida pelo
gato, com discussao atual sobre ja se tratar de uma hiperendemia, no municipio do
Rio de Janeiro e arredores. Por ter a notificagdo compulséria no estado do Rio de
Janeiro determinada somente em julho de 2013 (Resolucdo SES N° 674 DE
12/07/2013), ainda ndo ha registro da atual magnitude da epidemia.

Desde o inicio do aumento do numero de casos, o IPEC se estruturou como
centro de referéncia de atendimento clinico, laboratorial e terapéutico gratuito no
estado, com a maior casuistica do Rio de Janeiro. A esporotricose representa mais
de 85% do atendimento do Laboratorio de Dermatologia em Doencas Infecciosas.
De 1998 a marco de 2013 foram registrados no servico de estatistica e
documentacéo do IPEC mais de 4.100 casos de esporotricose. Nos anos anteriores
(1986-1997), somente 13 casos de esporotricose foram diagnosticados e com perfil
epidemioldgico diferente do atual (Schubach et al., 2005).

Em 2009, avaliamos 804 pacientes com esporotricose atendidos entre 2005 e
2008 e foi constatado um crescimento médio anual de 85% dos casos, comparado
aos anos anteriores (1998-2004). Houve predominio de mulheres entre a 42 e 62
décadas de vida, atividade no peridomicilio e residentes em areas carentes da
regido metropolitana do Rio de Janeiro. Contato direto com gatos foi referido por
91% dos pacientes e 68% destes referiram trauma por estes animais. A forma clinica
mais comum foi a linfocutanea (66%), seguida da forma fixa (25%), cutanea
disseminada (7%) e da forma extracutanea/disseminada (2%). Destacamos a
ocorréncia de 14 casos de pacientes coinfectados pelo HIV. O tratamento foi feito
com itraconazol em 64% dos casos e com terbinafina em 23%. Cerca de 2% dos
pacientes apresentaram recidiva clinica, enquanto 11% obtiveram cura espontanea.
Os pacientes tiveram seguimento clinico entre trés e seis meses apds o fim do
tratamento. Houve perda de seguimento de 9% dos pacientes, seis pacientes foram
hospitalizados e dois foram a o6bito. No total, 89% dos pacientes obtiveram cura
(Freitas, 2009; Freitas et al., 2010).

Alguns aspectos clinicos foram destaque, como: recidiva de lesdes
principalmente localizadas nas méos apos trauma local e lesées com necessidade
terapéutica superior a um ano, sendo que o tempo meédio de tratamento da

esporotricose no grupo total observado foi em torno de 12 semanas (Freitas, 2009).
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Surgiram, assim, algumas questdes sobre a possivel maior viruléncia das
cepas causadoras da infeccdo nos pacientes com lesBes de dificil resolucdo
terapéutica, bem como se estes pacientes tinham uma mesma cepa persistente, ou
reinfeccdo por outra cepa. Nossa equipe tem se voltado para a caracterizacao
fenotipica e genotipica de Sporothrix spp. isoladas nesta epidemia. Gutierrez-
Galhardo et al. (2008), ao estudar padrdes fenotipicos e genotipicos dos isolados de
Sporothrix spp. associados a diferentes formas clinicas da esporotricose,
observaram um padrdo muito semelhante entre os isolados, sugerindo um nicho
comum, corroborando dados de Marimon et al. (2007). Reis et al. (2009), ao
caracterizar fungos isolados de pacientes e gatos pela técnica de PCR-RAPD,
observaram alto grau de similaridade genética, embora tenha sido possivel
discriminar entre 5 a 10 perfis genotipicos, sugerindo-se mais de uma populacédo de
Sporothrix. Estudo posterior confirmou esta variacdo e demonstrou que, de 247
isolados obtidos de pacientes oriundos desta epidemia, 230 amostras (93,1%) foram
caracterizadas como S. brasiliensis, 16 (6,5%) como S. schenckii e 1 (0,4%) como S.
globosa (Oliveira et al., 2011). Duas particularidades desta epidemia, o predominio
da espécie S. brasiliensis e as peculiaridades clinicas, como formas de
hipersensibilidade e grande percentual de quadros disseminados de esporotricose,
propiciaram a hipétese de uma associacdo causal entre espécie envolvida e
apresentacoes clinicas.

Outros subgrupos de pacientes tiveram especial destaque, seja pelas formas
clinicas menos comuns, seja pela gravidade que assumiram: pacientes coinfectados
por HIV e Sporothrix spp. constituiram quase metade das internacdes pela
esporotricose; pacientes com formas oculares da esporotricose (coroidite,
dacriocistite), pacientes com sindrome de Sweet como forma de hipersensibilidade a
esporotricose, e a particularidade no tratamento de gestantes com esporotricose.

O estudo de fatores epidemioldgicos, micologicos, clinicos e terapéuticos
associados a esporotricose é importante para melhor compreensédo da doenca. Ha
uma inquestionavel contribuicdo no ambito da saude publica, uma vez que se sabe
que a epidemia/hiperendemia nédo foi controlada, num cenario em que temos 71%
dos gatos envolvidos na cadeia de transmissdo com destino inadequado,
perpetuando o ciclo da esporotricose zoonoética no Rio de Janeiro, além do impacto

do alto custo das internacdes e do tratamento mais prolongado dos pacientes.
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2. OBJETIVOS

2.1. OBJETIVO GERAL

Avaliar fatores epidemioldgicos, micoldgicos, clinicos e terapéuticos

associados as diversas formas clinicas de pacientes com esporotricose.

2.2. OBJETIVOS ESPECIFICOS

1. Descrever aspectos clinicos ainda ndo relatados dos casos envolvidos

na hiperendemia de esporotricose.
2. Descrever a evolucao de um grupo de gestantes com esporotricose.

3. Descrever aspectos epidemioldgicos, clinicos e terapéuticos dos casos

de coinfeccéo pelo HIV envolvidos na hiperendemia de esporotricose.

4, Avaliar a frequéncia das hospitalizacbes e dos 6bitos dos pacientes

com esporotricose.

5. Analisar procedéncia, fatores clinicos e evolutivos de um grupo de
pacientes infectados com diferentes genétipos do complexo Sporothrix schenckii.

6. Determinar o gendtipo e a viruléncia de diferentes isolados de
Sporothrix spp. coletados de um paciente com esporotricose disseminada, ao longo

de cinco anos de doenca.
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3. CONSIDERACOES ETICAS

O projeto: “Avaliagdo de fatores epidemioldgicos, micoldgicos, clinicos e
terapéuticos associados a esporotricose.” foi aprovado pelo Comité de Etica em
Pesquisa do IPEC em 30/07/10 sob o numero 0024.0.009.000-10 (anexo A).

Os dados coletados apos revisdo dos prontuarios foram inseridos no banco
de dados tendo como chave de identificagdo o registro do paciente no IPEC,
juntamente das iniciais do nome e dos dados referentes as variaveis de interesse no
estudo. Um termo de compromisso e responsabilidade padrédo do instituto foi

preenchido pela responsavel pelo projeto (anexo B).
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4. CAPITULO 1 — APRESENTAGOES CLINICAS INEDITAS E TERAPEUTICA INCOMUM

Neste capitulo, trés trabalhos publicados sdo apresentados.

O grande e constante aumento no numero de casos de esporotricose de
transmissdo zoonodtica no estado do Rio de Janeiro, notadamente na regido
metropolitana da capital, propiciou o surgimento de novas apresentacoes clinicas da
doenca, bem como de condicfes associadas a estas apresentacoes.

Diversos casos de reacdo de hipersensibilidade associados a esporotricose
tém sido percebidos e diagnosticados, como eritema nodoso e eritema multiforme,
descrito na literatura por nosso grupo, em anos anteriores, e artrite reativa, também
descrito no decorrer desta epidemia, por outro grupo de estudiosos. Aqui, a
sindrome de Sweet, uma dermatose neutrofilica febril aguda, ja associada a quadros
neoplasicos, inflamatérios e infecciosos outros, é descrita em trés pacientes
diagnosticadas com esporotricose. Esta associacao era, até entdo, inédita.

O acometimento ocular na esporotricose ja foi descrito, entretanto, o processo
inflamatorio das vias lacrimais conhecido como dacriocistite, somente havia sido
relatado como manifestacdo crénica da micose. Neste atual artigo, sdo descritos
quatro pacientes que apresentaram dacriocistite aguda isolada, ou associada a
lesBes cutaneas da esporotricose. Trés deles evoluiram com cronicidade do quadro
e uma paciente, com fistula cutanea, todos com indicagdo cirlrgica reparadora.
Destacamos, ainda, o predominio de criancas neste grupo de pacientes.

Outro grupo de destaque, néo pelo ineditismo, mas pela necessidade de um
especial manejo terapéutico, foi o constituido pelas gestantes diagnosticadas com
esporotricose. Felizmente ndo houve gestantes com quadros disseminados ou
graves e a termoterapia, terapéutica ja descrita ha muitos anos e embasada na
labilidade térmica do fungo causador da esporotricose, foi efetiva na cura na maioria
dos casos, ou no controle temporario do quadro clinico, até que o tratamento
farmacolégico pudesse ser instituido em dois casos.

Estes novos relatos contribuem para um melhor e maior conhecimento acerca
das possiveis apresentacdes clinicas na esporotricose e, de posse destes dados, 0s
profissionais de saude podem aprimorar o raciocinio clinico-epidemiolégico e

otimizar o diagnéstico e o tratamento dos pacientes.
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Sweet syndrome associated with
sporotrichosis

DOL: 10.1111/5.1365-2133.2011.10496.x

Manam, Sweet syndrome (35) is characterized by fever, acute
onset of painful erythematous papules, plaques or nodules,
peripheral neurrophil lencocytosis, and histological findings of
a dense neutrophilic infilrate without evidence of primary
vasculids.! ™ It usually affects middle-aged women and has
been assodated with infecion™® and an underlying disease.

Regarding fungal infections, 85 has been described in coc-
cidioidomycosis.” Here we report three cases of §5 in parients
with sporotrichosis. Diagnosis of sporotrichosis was based on
isolation in culture of Spemthrix schenckii from the initial lesion
and diagnosis of 85 was based on clinical and histopathological
findings.*

The first patient was a 47 -year-old woman with a cutaneous
ulcerated lesion on her right thigh followed by fever, osteoar-
ticular pain, and disseminated cutanecus plaque lesions
(Fig. 1). She reported the absence of local trauma and had not
taken any medication before the diagnosis. She also reported
that she wok care of a diseased cat. Her white blood cell
count reached 20-3 3 10° L™' and culture of the ulcerated
lesion evidenced S. schenckii. She improved after 8 weeks of
itraconazole 100 mg daily and 2 weeks of oral prednisone.

The second patent was a 47-year-old woman with an
ulcerated lesion on the knee and disseminated cutaneous ery-
thematous plaques. She remembered taking diclofenac-chole-
styramine for back pain for 5 days prior to the appearance of
the lesions, and denied any contact with cats. Her white blood
cell count was 11+0 % 10° L™'. Culture of her ulcerated lesion

showed 8. schenckii. She improved after 12 weeks of irracona-
zole 100 mg daily and 8 weeks of oral prednisone.

212

The third patient was a 78-year-old woman who had a knee
injury 40 days before the onset of diffuse pruriginous mtane-
ous papules and plaques. She also had fever and headache. She
had contact with a diseased cat at home but reported no inju-
ries caused by the animal. She had systemic arterial hyperten-
don that was under control with the use of
hydrochlorothiazide and enalapril. Her white blood cell count
was 79 % 10° L™" and §. shenckii was isolated from ulcerated
knee lesion. The patient improved after 8 weeks of iracona-
zole 100 mg daily and a 1-week course of ol potassium dic-
lofenac and oral dexchlorpheniramine.

Histopathological findings of one erythematous plague from
each patient were very similar (Fig. 1). There was marked
oedema of the papillary dermis mimicking a subepidermal
vediculation. The underlying upper dermis contained an
intense perivascular and interstidal infilrate of neutrophils
with leukocytoclasis and macrophages, some with epithelioid
differentiation. In patients 1 and 2 there were dilated vessels
and extravasated red blood cells while in padents 1 and 3
tocal spongiosis with small spongiotic vesicles was seen. A
few eosinophils were seen in patdent 2.

Sporotrichosis is a subcutaneous infection caused by the
dimorphic fungus §. schenckii.® Hypersensitivity reactions such
a5 erythema nodosum’ and erythema multforme® have been
described in cat-transmitted endemic sporotrichosis in Rio de
Janeiro.

The patients presented here were from an endemic area of
sporotrichosis and two had contact with cats. They presented
localized forms of sporotrichosis and developed clinical and
histopathological characteristics of 55. Patient 1 had no other
factor that could explain the onset of the 85. The drugs used
by patiens 1 and 3 are not known to be assodated with 57
In all cases, patients were successfully meated for the mycosis
and for the 5.

Fig 1. (a) Cutaneous erythematous plagues
and papules on the legs of patient 1. An
ulcerated lesion is observed on the right thigh
(arrow). (b) More erythemato-oedematous
plagques with crusts are seen on the posterior
trumk.

@ 2011 The Awthors
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Fig 2. Histopathology of an erythematous
cutaneous plaque from patient 2, compatible
with Sweet syndrome. (a) Predominantly
superfidal and confluent dermal infiltrate
associated with marked oedema of the
papillary dermis. (b) Close-up view of the
neutrophilic infiltrate. Hacmatoxylin and
eosin; original magnification: (a) x 10, (b)
X 40.

We believe that SS is another sporowichosis-associated
hypersensitivity reaction. Factors such as cat transmission
(intense and repetitive fungal inoculum), host susceptibility
and the pathogen itself (S. schenckii was recendy found to be a
complex of species: one of them, §. busiliensis, is implicated in
Rio de Janeiro endemic transmission'®) might be explanatdons
for this previously undescribed association.

Acknowledgments

We thank the staff of the Laboratory of Mycology, IPEC/
Fioauz.

D.F.S. FREITAS

A.C.F. VALLE

T CNZ21

L.G.P. BRaNDAO

R.M. ZANCOPE-OLIVEIRA
M.C.G. GALHARDO

Instituto de Pesquisa Clinica Evandro
Chagas, Fundagio Oswaldo Cruz,

Av. Brasil 4365, Manguinhos,

Rio de Janeir, R} 21040-360, Brzil
E-mail: dayvison. freitas(@ipec. fiocruz.br

References

1 Sweet RD. An acute febrile neutrophilic dermatosis. Br | Dematol
1964; 76:349-56.

2 von den Driesch P. Sweet’s syndrome (acute febrile neutrophilic
dermatosis). | Am Acod Dermatol 1994; 31:535-56.

3 Cohen PR Sweet's syndrome — a comprehensive review of an
acute febrile neutrophilic dermatosis. Ophanet | Rare Dis 2007; 2:34.

4 Ginarte M, Toribio J. Sweet’s syndrome. Med Clin (Barc) 2009;
133:31-5.

$ DiCaudo DJ. Coccidioidomycosis: a review and update. | Am Awmd
Dermatol 2006; 55:929-42.

6 Rippon JW. Sporotrichosis. In: Madiml Mycology: The Pathogmic Fungi
and the Pathogenic Actinomycetes (Rippon JW, ed), 3rd edn. Philadel-
phia: W B. Saunders, 1988; 325-52.

7 Galhardo MCG, Schubach AO, Barros MBL et ol. Erythema nodosum
associated with sporotrichosis. Int | Dermatol 2002; 41:114-16.

8 Gutierrez-Galhardo MC, Barros MBL, Schubach AO et ol. Erythema
multiforme assodated with sporotrichosis. | Eur Amd Damatol Venereol
2005; 19:507-9.

9 Micromedex. Available at: http://www.thomsonhc.com/micro
medex2/librarian/ND_T/evidencexpert/ND_PR/evidencexpert/CS/
A102C8/ND_AppProduct/ evidencexpert/DUPLICATIONSHIELDSY
NC/228D78/ND_PG/ evidencexpert/ND_B/evidencexpert/ ND_P/
evidencexpert/PFActionld/evidencexpert DisplayDru gd exDocument?
dockd=0373 &contentSetId=3 1&title=DICLOFENAC&services Title=

© 2011 The Authors

BJD @ 2011 British Association of Dermatologists 2012 166, pp212-235

Correspondence 213

DICLOFENAC&topicld =cautionsSection&subto picld =adverseReacti
onsSection#3.3.2 (last accessed 25 July 2011).

10 Marimon R, Gene J, Cano J ¢ el. Molecular phylogeny of Spomthrix
schenckii. | Clim Microbiol 2006; 44:3251-6,

Funding sources: none.

Conflias of interest: none declared.

Mild staphylococcal scalded skin syndrome:
an underdiagnosed clinical disorder

DOIL: 10.1111/§.1365-2133.2011.10515.x

Mabanm, Staphylococcal scalded skin syndrome (SSSS) is dassi-
cally described as a systemic blistering skin disorder leaving
large areas of denuded skin.' It arises from the systemic dircu-
lation and accumulation in the skin of exfoliative toxins A
and/or B (ETA and ETB) from an infection focus, resulting in
a proteolytic deavage of desmoglein 1.> We report five cases
of $SSS characterized by a desquamation localized in the folds,
with or without scarce blisters.

The five patients had a generalized exanthem assodated with
localized desquamation, mainly of the folds (Fig. 1a—). In all
cases an impetigo of the face was observed from 2 to 10 days
before the onset of the rash. The children had mild fatigue and
hyperthermia, but none had hypotension or signs of shock.
Complete blood count and C-reactive protein were normal in
all cases. The outcome was rapidly favourable for all five chil-
dren. The same Staphylocaccus aureus strain (ST'121) producing ETA
was isolated from the impetigo of the face. The five patients
were treated with intravenous oxadllin (100 mg kg™' daily),
one patient had double antibiotic therapy with gentamidn.
Patients were without skin symptoms after 5-10 days. The
clinical and microbiological data are shown in Table 1.

These patents show that SSSS is likely to be a clinical spec-
trum ranging from dassical severe S to a mild foorm. In our
five cases the diagnosis of SSSS was based on the following cri-
teria: the ransient generalized exanthem assodated with local-
ized desquamation, mainly of the folds, the isolation of §. areis
harbouring the exfoliative toxin genes and absence of super-
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Acute dacryocystitis: another clinical manifestation of sporotrichosis

Davvison Francis Saraiva Freitas' ™, lluska Augusta Rocha Lima®, Carolina Lemos Curi®,
Livia Jordao®, Rosely Maria Zancopé-Oliveira®, Antonio Carlos Francesconi do Valle',
Maria Clara Gutierrez Galhardo', Andre Luiz Land Curi®
Laboratorio de Doengas Infecciosas em Dermatologia “Laboratoric de Dosngas Infecciosas em Oftalmologia

“Laboratorio de Micologia, Instituto de Pesquisa Clinica Evandro Chagas-Fiocruz, Rio de Janeiro, R), Brasil
‘Departamento de Oftalmologia, Hospital da Folicia Militar de Miterdi, Mitergi, R, Brasil

Sperotrichoszis associated with expozure to domestic cats is kyperendemic in Rio de Janeiro, Brazil. 4 review of
the climical records at our institute revealed four patieniz with clinical signs of dacryvocystitiz and a positive con-
Junectival culture for Sporothrix who were diagnosed with Sporothrix dacryecystitis. Three patientz were children
i= I3 years of age) and one patient was an adult. Two patients reported contact with a cat thar had spororichosis.
Dacryocystitis was assoctated with nodular, ulcerated lesions on the face of one patient and with gramulomaious
coNjUnCHivitis in two patients; however, thiz condition manifested as an iselated disease in another patient. All of the
patienis were cured of the fungal infections, but three patients had chrenic dacryecystitiz and one patient developed
a cutanecus fistula. Spororricheosis is usually a benign dizease, but may cause severs complications when the eve
and the adnexa are qffected. Physicians, especially ophthalmeologists in endemic arsas, should be aware of the oph-
thalmological manjfezrations and complicarions of sporofrichosis.

Eey words: dacryocystitis - sporomrichosis - Sparothrix - cutaneous fistula - Rio de Janeiro

Sporothrix schenckii 15 a dimorphic fungus that 15 re-
sponsible for cutaneous disease in endemic areas world-
wide. Classically, infection 1s associated with a traumatic
subcutanecus inoculation of contaminated soil, plants or
organic matter. The most commeon clinical form of spo-
rotrichosis 1= cutaneous, lymphatic dizease, which ae-
counts for 75% of cases, followed by localised cutaneous
forms (20%) (Barros et al 2011a). Ocular sporotrichosis
has rarely been descnibed in immunocompetent patients
or 1n indrviduals without prior ecular trauma. Infraceular
dizease has an important association with disseminated
dizease (Cun et al 2003, Ivengar et al. 2010, Eashima
at al. 2010).

Acute dacryocystitis presents as inflammation of the
laerimal sac and 15 typically cauzed by infection. Dacry-
ocystitis 15 predominantly found 1n adult women and in
voung infants. The most commeon s1gns and symptoms
include erythema, cedema and a pamnful area of mdu-
ration that overlies the nasolaerimal sac st below the
anatomical boundary of the medial canthal lizament.
In addition, epiphora and discharge may be chserved.
When pressure 1= apphed to the inflamed tear duct, pu-
rulent material may be expressed through the lacrimal
punctum (Pinar-Sueiro et al. 2012,
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Cases of 1solated grapulomatous conjunctvitis due
to Sporethrix infection after exposure to cats with spo-
rotrichosis have been reperted in Rio de Janeiro (BT},
Brazil (Barros et al. 2004, Schubach et al. 2003). In tha=
study, we evaluated cases of dacryvocystitis secondary to
Sporothrix infection in this hyperendemic area.

This study was approved by the Ethical Comumit-
tee of the Evandro Chagas Instiute of Chmical Eesearch
(IPECWOswaldo Cruz Foundation (Fiecruz), RJ, Brazl
(0024.0.009.000-10). The authers reviewed the climical
records of patients who were diagnosed with dacryocys-
titis secendary to Sporothrix infection in the dermatology
and ophthalmelogy laboratories of IPEC/Fiocruz from
July 2008-Faly 2010. Patients underwent dermatological
and ophthalmological examinations, including visual acu-
ity (Smellen chard), biomucroscopy and ophthalmoscopy.
The pahents were mifially found to be free of chrome
stenosis and epiphora. During thes perod, 2,146 patients
were diagnosed with sporofnichesis apd sporetrnichesis
with dacrvocystitis was identified 1n four patients (Table).
Three patients were children (= 13 years of age) and one
patient was an adult (41 years of aze). The patients souzht
medical attenfion at a median fime period of five weeks
(3-8 weeks) after the inihial manifestations of sporotricho-
siz. Patients | and 4 had a lustory of contact with cats that
had sporotrichosis. Dacryocystis was present at the outzet
in all cases. One child had cutanecus nodules and ulcer-
ated skin lesions that were culture-pesitive for Sporothrix
(Supplementary data), whereas the other two children had
conjunctivitis, but no skin lesions. The adult patient pre-
sented only with dacrvocystiis (Supplementary data).

The diagneosis of dacryocystitis was established by
the presence of swelling at the medizl canthus with ery-
thema, epiphora and mmcopurulent discharge from the
lacnmal punctom. Sporethrix infection was confirmed

online | memorias.ioc. fioonos. br
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TABLE
Clinical characteristics of the patients with Sporethrix dacryocystitis, including whether or not there were additional disease
manifestations as well as the patients’ iTeatment regimens and complications of theit diseasa

Treatment (ITC)

Caza Sexfage Site of lesion and lengzth (weeks) Follow up
1 Fi2 Right dacryocystitis + cutaneous nodule- Smgke(13) Chronic dacryocystitis

ulcerated lesions on the face
2 M5 Right dacryocystitis + conjunctivitis 100 mg 4) Chronic dacryocystitis
i Fi13 Right dacryocystitis + conjunctivitis 100 mg (12) Chronic dacryocystitis
4 Fi4l Left dacryocystitis Up to 400 mg (946) Cutaneous fistula
F: female; ITC: itraconazole; M: male.

by the 1zolation of the fungus in culture using the mm-
copurulent material that was expressed from the lacrimal
punctum, which was obtained by swabbing Cultures
were confirmed as positrve for Sporothrix using previ-
ously dezeribed methods (Barmres et al. 2004). Treatment
inchided itracomazole (ITC) 100 mg/day or 5 meg'kg mn
children who weighed less than 20 kg. This regimen has
been highly successful at our institution as previoushy
described (Galhardo et al. 2008, Bamros et al. 2011a, b).
Blood count and blood biochemistry tests were conduct-
ed at baseline, 12 weeks and when chimically necessary.
A chimezl cure was defined as the resclution of 1n-
flammahon and a pegative follow-up culture. Treatment
farlure was defined as the persistence or worsening of
the initial lezion after 12 weeks of treatment, which oc-
curred in the adult patient who received an escalated
dose of ITC to 400 mg/day. The treatment of this pa-
tient was sigmificantly prolonged (96 weeks). Case 2 was
imtially lost to follow-up after four weaks of treatment;
however, this patient returned seven months later with
chronie daeryocystitis and no mycological findings of
sporotrichosis. The other children were treated for 12
and 13 weeks Follow-up was conducted at a minimmm
of six months after the end of treatment. Despite myco-
logical cures, the three children had chromic dacryocys-
titis and the adult patient developed a cutanecus fistula.
These patients were referred to surgical treatment.
Dacrvocystiis secondary to sporotnichosis repre-
sented [.18% of the sporotrichoszis cases that were evalu-
ated at the IPEC from July 2008-Fuly 2010. The patient=
resided in a hyperendemic region for the zoonotic trans-
mission of sporotnichosis and two of the patients had
domicihiary contact with cats that had sporotrichosis;
however, no specific history of wmmry was elucidated.
Sporotrichosis lesions in cats are rich o parasites and
respiratory symptoms can manifest in cats with na-
sal disease (Schubach et al. 2004, Barros ot 2l 2011a).
Therefore, transmission from cats to bumans may ocour
Via respiratory secretions without disruption of the skin
barner when indrnduals have close face-to-face contact
with animals during play (Barros et al. 2004, 2011a).
Fungzi bave been reported to be present i 4-7% of
dacrvocystitis cases. The most commeonly 1zolated genus

15 Candida, followed by Aspergillus and Mucor. These
cases are generally chronie (Pinar-Suewro et 2l 2012)
Sporotrichosis with acute dacrvocystifis was obzerved
in the cases in this study. Three of the cases were assoc1-
ated with other clinical mamifestations (granulomatouws
conjunctivitis and lyvmphocutaneous disease). Graou-
lomatous conjunctivitis has been described m 2.2% of
patients with cat associated sporotmichosis in BT (Bar-
ros et al. 2004). Motably, dacrvocystitis was identified
in one of the 8] cases of sporotrichosiz in children pra-
senfed in a previous analysis of patients in BT (Barros
et al. 2008). Dacryvocystitiz 15 an unusual manifestation
of sporotrichosis; however, these three cases under the
age of 13 in the present study represented 2 2% of the
paediatric cases of sporotrichosis at the institution, from
Fuly 2008-Tuly 2010. Several studies have found that the
face 15 the most frequently affected site of sporotricho-
5iz mn children, which is most hkely due to the thinper,
more deheate zkin 1n thi= area of the body (da Fosa et
al. 2003). Therefore, children are at an increased risk for
this ehinical form due to the zeresol mode of transmis-
sion from nasally infacted cats.

The patents in this study respended to treatment;
however, each patient had persistent complhications that
required surgical comrection (chromic dacryecystins
and a fistula). Further studies are needed to determine
whether dacryocystfis due to Sporothrix infection rou-
tinely leads to chromic disease. The pathogenesis of this
dizease iz hikely due to Sperothrix infection through the
conjunctiva mnte the lacrimal sac rather than 2 haematog-
enous route. We 1dentified two additional patients in the
sporotrichosis cobort in this study who presented with
dacryoeystitis, but these patients were exchided because
thewr lacrimal cultures were negative. However, both pa-
tient= developed complications, meluding a fistula and
chronic dacrvocystifis.

Recently, 5. schenckii was found to be a complex of
species, inchiding Sporothrix brasiliensiz, which has been
implicated 1n the hyperendemic transmission of sporot-
richomis mn BT (Marnmeon et al 2007). The epdemic 1=
aszociated with the enhanced voulence of the emerzing
strams of 5. brasiliensis (Arnllaga-Moneneff et al. 2009).
A molecular analysis of the strains 1o these four cases was
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not performed; however, based on epedemiclogy, 1t 15 hike-
ly that 5. brasiliensis was the species mvolved.

In conclusion, sporotrichosis is frequently a bemgn
disease; however, extracutanecus mamfestations, such
as dizeases that affect the eve and the adnexa, can lead
to severe and chronic comphiecations. Clinicians, particun-
larly ophthalmelogists and infernists in highly endemic
areas, should be aware of the protean manifestations of
sporotrichosis.
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Supplementary data Acute daaryocystitis in sporotrichosis ¢ Dayvison Francis Saraiva Freitas et al. 1

A& two year old girl presenting with cutaneous nodule-ulcerated lesion on the inferior right lid; B: healing of cutaneous disease after oral treat-
raent; C: chronic dacryocystitis with sterile pus draining frora the lacrimal punctura.

Forty-one year old woraan presenting with painful swelling at the medial canthus.
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Pregnancy during a sporotrichosis epidemic in Rio de Janeiro, Brazil
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Sporotrichosis is asubacute or chronic disease that affects animals
and humans. It is caused by the dimorphic fungus Sparothrix schencki
and is the primary subcutaneous mycosis in latin America [1.2)
Zoonotic transmission of sporotrichosis appears to be rare worldwide.
An epidemic of sporotrichosis occurred in Rio de Janeiro, Brazil from
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1998 onward. Cats were found to be the main link in the epidemio-
logical chain [1].

From 2005 through 2010, about 1000 patients were diagnosed with
sporotrichosis at [PEC-Focruz, including 12 pregnant women The
mean age of the 12 patients was 283 years (range, 18-40 years). Two
clinical forms of the infection, lymphocutaneous sparotrichosis (10
cases)and fixed sporotrichosis (2 cases), were recarded. Fungal culture
was positive in all cases (Fig 1). The patients underwent maonthly
outpatient assessments and the time of evolution ranged from
4-12 weeks. The upper limbs were the most commonly affected body
area and cat scratch or bites were cited in 11 cases, suggesting that
the lesons were the putative means of transmission of the fungus. All
patients were instructed to perform thermatherapy with warm com-
presses 3 times a day. Eight patients were cured with thermatherapy,
2 patients had to use itraconazole after delivery, and 2 patients were
lost to follow up.

The causative fungus can be found in decaying vegetation, soil,
moss, and wood and can infect a diversity of animals. The usual
mode of transmission is traumatic cutaneous inoculation of the

S. schenkii

Fig 1. Qraneous sporotrichosis in 3 pregnant patens (A): mycehum form {25 °C); (B) yeast form (37°C)

organism |2]. local hyperthermia can be used to treat cutaneous
sporotrichosis in pregnant women [1,3]. Amphotericin B is recom-
mended for severe sporotrichosis that must be treated during preg-
nancy [1]. Itraconazole is an effective fungal treatment; howewer,
there are few data on prenatal exposure in humans and it is generally
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avoided |1). De Santis et al. |4] reported that first-trimester
itraco nazole-exposed infants showed no increased risk of congenital
abnormalities; however, the mtes of spontaneous and induced
abaortions were higher in the exposed group of pregnant women com-
pared with the control group. Varous authors have reported effective
treatment of sporotrichosis in pregnant women usng thermot herapy
|1,3] and even spontaneous resolution during pregnancy |2]. Several
infectious diseases, such as malaria, influenza, chickenpoog, and mea-
sles, may have a markedly severe course |2] and the present cases
illustrate the effective treatment of sporotrichosis in pregnancy
using thermotherapy or azole therapy after delivery.
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5. CAPITULO 2 — ESPOROTRICOSE E HIV

Neste capitulo, € incluido um artigo publicado e outro submetido a publicacéo.

Em 1999, ainda no inicio da epidemia zoondtica de esporotricose na regiao
metropolitana do Rio de Janeiro, foi diagnosticado no IPEC o primeiro caso de
esporotricose e coinfeccado por HIV. Desde entdo, a ocorréncia de novos casos e a
percepcao de sua maior frequéncia no decorrer dos anos vem se destacando.

No trabalho publicado em 2012, 21 casos desta coinfeccdo foram descritos,
evidenciando a maior gravidade e disseminacdo da esporotricose nagueles
pacientes com sinais clinicos e laboratoriais de imunossupressao, enquanto 0s
pacientes com melhor status imunolégico apresentaram, via de regra, quadros
clinicos localizados, a semelhanca dos pacientes néo infectados por HIV.

Ainda movidos pelo continuo aumento no nimero de casos desta coinfeccao,
reunimos, em uma série histérica do IPEC até marco de 2013, 48 casos atendidos,
em comparacdo com os 3,570 pacientes com esporotricose sem coinfeccao por HIV.
Neste novo trabalho, destacamos novamente a gravidade dos casos com coinfeccéo
e 0 consequente aumento no niumero de hospitalizacdes e 6bitos destes pacientes.
Ha uma notédria implicacdo de saude publica, dado que esta associagcdo tende a se

tornar mais frequente, caso estas enfermidades nédo sejam controladas.

45



Medical Mycology February 2012, 50, 170-178

informa

healthcare

Sporotrichosis in HIV-infected patients: report of 21 cases
of endemic sporotrichosis in Rio de Janeiro, Brazil

DAYVISON FRANCIS SARAIVA FREITAS, BRENDA DE SIQUEIRA HOAGLAND,
ANTONIO CARLOS FRANCESCONI DO VALLE, BEATRIZ BARROS FRAGA,
MONICA BASTOS DE BARROS, ARMANDO DE OLIVEIRA SCHUBACH,
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ROSELY MARIA ZANCOPE-OLIVEIRA & MARIA CLARA GUTIERREZ-GALHARDO

Instituto de Pesquisa Clinica Evandro Chagas, Fundacdo Oswaldo Cruz, Rio de Janeiro, Brazil

Sporotrichosis is endemic in Rio de Janeiro, Brazil, and cases have been reported to
be associated with HIV. This article describes the clinical manifestations and evolu-
tion of sporotrichosis in HIV-positive patients and constitutes the largest case series
reported to date. There were 21 HIV-positive patients with sporotrichosis diagnosed by
the recovery of the etiologic agent from 1999-2009. Sixteen patients (76.2%) were men
and five (23.8%) were women, with a mean age of 41.2 years. Seven of these individuals
were previously unaware of their HIV infection. Mean CD4 count was 346.4 cells/ul.
The most frequent clinical presentations of sporotrichosis in these patients were the
lymphocutaneous and disseminated form (seven patients each, 33.3%), followed by the
widespread cutaneous form in five (23.8%), and fixed form in the remaining two (9.5%).
In patients with the disseminated forms, clinical manifestations involved the skin in six,
mucosa (nasal, oral, or conjunctival) in four, bone in two. and meninges in two. Eleven
(52.4%) patients received itraconazole and eight (38.1%) amphotericin B contributing
to an overall cure rate of 81%. Spontaneous cure was observed in one patient. The clini-
cal forms of sporotrichosis varied according to the patients” immune status. The results
demonstrate the importance of sporotrichosis as an opportunistic infection associated
with AIDS in countries where the mycosis occurs.

Keywords sporotrichosis, HIV infection, clinical forms, immunosuppression,

Rio de Janeiro

Introduction

Sporotrichosis 1s a subacute or chronic subcutaneous
infection caused by the dimorphic fungus Sporothrix
schenckii, which is relatively common in Latin American
countries with temperate and tropical climates. The typical
infection is associated with traumatic inoculation of
fungal elements from the soil, plants, and organic matter
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contaminated with §. schenckii. Transmission by animals
has been reported and feline sporotrichosis is a particular
zoonotic hazard. Most patients with sporotrichosis have
a localized disease limited to the skin and subcutaneous
tissue. The lymphocutaneous form is the most common
and 1s observed in up to 95% of patients. Dissemination
to various organs and systems is observed in rare cases,
mainly in immunosuppressed individuals [1,2].

Despite reports of sporotrichosis being associated
with the human immunodeficiency virus (HIV) infection,
only 34 cases have been described in the literature since
the beginning of the HIV epidemic through 2009 [3-34].
There are reports of the widespread cutaneous form involv-
ing osteoarticular, central nervous system (CNS), pulmo-
nary, and ocular lesions. Some of these patients died as a

DOI: 10.3109/13693786.2011.596288

46



Sporotrichosis: 21 HiV-infected patients 171

result of the dissemination of the fungus as found on
autopsy [4.6,8,10,12-14,16,18,22,26-28,30].

Since it 1s not a notifiable disease, little information is
available regarding the incidence of sporotrichosis in
Brazil. However, a hyperendemic level of sporotrichosis
transmitted by cats has been observed since 1998 in
Greater Metropolitan Rio de Janeiro, Brazil. The increased
level of the fungal disease was mainly found in low-income
areas with poor health services. This zoonotic transmission
is characterized by household contact with cats with
sporotrichosis. In addition to the classical clinical presenta-
tions (lymphocutaneous and fixed forms), others such
as widespread cutaneous sporotrichosis without underly-
Ing immunosuppression, mucosal involvement affecting
the conjunctiva, and hypersensitivity syndromes have been
observed [35,36].

With regard to HIV infection, the incidence of acquired
immunodeficiency syndrome (AIDS) has been declining in
Brazil since 2002. In addition, Brazil was the first country
in Latin America to ensure free universal access to antiret-
roviral drugs. A total of 506,499 cases of AIDS were diag-
nosed in the country from 1980-2008, 60% of which in
the Southeast region. Rio de Janeiro is the state of Brazil
with the second largest number of AIDS cases [37].

In this study. the largest case series published to date,
we describe 21 cases of sporotrichosis associated with
HIV infection from sporotrichosis-endemic Rio de Janeiro,
Brazil. Case reports on four of these patients have already
been published due to their particular characteristics,
but these patients were maintained in the cohort [33,34].

Methods

Study population

A descriptive study was conducted involving HIV-infected
patients with sporotrichosis seen from February 1999 to
December 2000, Patients were treated by the Dermatology
and Infectious Diseases team of Evandro Chagas Clinical
Research Institute [Instituto de Pesguisa Clinica Evandro
Chagas (IPEC)]. an institute for infectious disease research.
Since 1998 it has also served as the main referral center
for sporotrichosis in Rio de Janeiro due to its laboratory
and clinical infrastructure for diagnosis of this mycosis. In
addition, the institute supplies medication free of charge
for patient treatment. The study was approved by the
Research Ethics Committee of IPEC/Fiocruz, and informed
consent was obtained from all the patients.

HIV diagnesis

HIV was diagnosed according to Brazilian Ministry of
Health guidelines [37]. CD4 cell count and viral load were
determined at the time of HIV diagnosis and were repeated

© 2012 ISHAM, Medical Mycology, 50, 170-178

at four-month intervals, together with periodic clinical
evaluation, to monitor the infection. Highly active antiret-
roviral therapy (HAART) was initiated when the CD4 cell
count was 200 cells/ul or less, or when an opportunistic
infection was diagnosed.

Diagnosis of sporotrichosis

Isolation of §. schenckii from clinical specimens was
used as the study’s inclusion criterion, as described by
Barros et al. [35]. The following biological samples were
obtained on the basis of clinical condition, type of lesion,
and availability at the time of the study: surface secretions,
obtained with a swab from exudative lesions or draining
tracts; purulent or seropurulent content, aspirated from
non-ulcerated gummy lesions; and biopsy specimens
from the borders of active lesions. Biopsy specimens were
divided into two portions with one kept in sterile saline for
mycological examination. The other was fixed in 10%
buffered formalin, embedded in paraffin and stained
with hematoxylin-eosin, Wade, periodic acid-Schiff, and
Grocott stains for histopathological examination.

When the patient presented with clinical and labora-
tory signs of HIV-related immunodeficiency (CD4 count
=200 cells/ul), potential fungal dissemination was inves-
tigated by attempting to recover the etiologic agent in
culture from samples of sputum, blood, urine, and cerebro-
spinal fluid (CSF). Blood specimens were collected in
Myco/F-Lytic BD Bactee bottles (three samples: one col-
lected every 24 h). Sputum, urine, and CSF specimens
were recovered in sterile flasks and centrifuged at 1000 g
for 10 min, and the pellet used for further processing.

All samples underwent routine mycological examina-
tion, which involved direct microscopy of wet mount prep-
arations in 4% sodium hydroxide and inoculating samples
on Sabouraud dextrose agar and mycobiotic agar (Difco),
incubation at 25°C, and observation for four weeks for
fungal growth. Suspected isolates were sub-cultured to
potato dextrose agar medium (Difco) to be incubated at
25°C for macroscopic and microscopic morphological
studies. Dimorphism was demonstrated by conversion
to the yeast-like form on brain heart infusion (BHI)
agar medium (Difco) at 37°C Routine laboratory tests of
the patients included fasting serum chemistry profile,
1.e., glucose, creatinine, urea, aspartate aminotransferase,
alanine aminotransferase, y-glutamyltransferase, alkaline
phosphatase, and hematological tests. These studies were
repeated monthly for patients with the localized cutaneous
form of sporotrichosis and according to the patient’s
clinical needs in cases of the other clinical presentations of
the infection. Rhinolaryngoscopy, funduscopy, chest and
facial sinus radiography, and abdominal ultrasonography
were performed routinely, with other tests such as joint
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radiography being conducted when indicated. Clinical
cases of sporotrichosis were classified according to
Sampaio ef al. [38].

Treatment of sporotrichosis

Oral administration of itraconazole at a dose of 100-200 mg
was the first-choice treatment for patients in good clinical
condition. The dose was increased if the lesion remained
unaltered or worsened after 1-2 months. Duration of treat-
ment was determined by clinical cure (lesion healing
defined as epithelization and absence of crusts, infiltrates,
or erythema). Patients with the cutaneous forms who had
undergone an overall decline in their health and patients
with the disseminated form received amphotericin B at a
total dose of 1-2.5 g. Clinical cure of extracutaneous sites
was defined as the disappearance of preexisting lesions in
cases of conjunctival, nasal, or oral mucosa involvement.
Other criteria of cure were the disappearance or stabiliza-
tion of Iytic lesions upon bone radiography and tomogra-
phy and sterilization of CSF accompanied by improvement
of cellularity and biochemistry patterns in cases of menin-
gitis. Patients with osteomyelitis and meningitis were
treated for a minimum of 9-12 months. Patients with CD4
counts =200 cells/ul received additional suppressive
therapy consisting of 200400 mg itraconazole/day until
the CD4 count reached higher levels. All patients except
two (lost to follow-up) were followed for one year after
completion of treatment.

Data collection

All data were collected by review of medical charts and
were recorded on a standard case report form. This
information included epidemiological, demographic, and
clinical data and response to sporotrichosis therapy. Infor-
mation regarding HIV infection included year of diagnosis,
opportunistic infections, initiation of HAART, and other
pertinent data.

Results
Patient series

The sample represents 1.2% of all cases of sporotrichosis
seen at [PEC from 1999-2009. Sixteen patients (76.2%)
were males and five (23.8%) were females with a mean
age of both sexes of 41.2 years (range: 24-30 years).
Eleven cases (52.4%) were from the municipality of Rio
de Janeiro (the northern and western districts of the city),
nine (42.9%) from other municipalities in Greater Metro-
politan Rio de Janeiro (Nova Iguacu, Dugue de Caxias, and
Sio Jodo de Merit1), and one (4.8%) from a rural county
in the State of Rio de Janeiro (Bom Jesus do Itabapoana).

Fourteen patients (66.7%) were first diagnosed as HIV
positive (mean time since diagnosis = 91.8 months; range:
6-192 months) before developing sporotrichosis. Twelve
of these 14 (57.1% of the total 21 cases) were receiving
HAART. The remaining seven patients (33.3%; cases 2, 9,
11, 13, 16, 18 and 20) were diagnosed as having sporo-
trichosis, and were also found to be HIV positive for whom
HAART was initiated when indicated. Mean CD4 count
was 346.4 cells/ul (range: 221100 cells/ul). With regard
to the presence of other infections, at the time of sporo-
trichosis diagnosis, five patients (23.8%) had oral candidi-
asis, two (9.5%) were infected with hepatitis C virus,
and one (4.8%) had human T-lymphotropic virus type 1.
One patient (case 2) was diagnosed with neurotoxoplasmo-
sis during the course of treatment for sporotrichosis.

Four patients (cases 11-14) with sporotrichosis devel-
oped immune reconstitution inflammatory syndrome (IRIS)
2-5 weeks after imtiating HAART. All four had been treat-
ment-naive individuals with CD4 counts of <200 cells/ul,
high viral load, and who recovered immunologically under
HAART therapy, as previously described [33,34].

Professional activity

One-third of patients (33.3%) performed domestic work
or were unemployed or retired. Other occupations or
activities included; administrative assistant, baker, bank
clerk, beauty salon worker, bricklayer, cook, craftsman,
hairdresser, street vendor, musician, and salesman.

Sporotrichosis transmission

Fourteen patients (66.7%) reported household contact
with cats with sporotrichosis and six (28.6%) of these indi-
cated a traumatic injury (scratch or bite) preceding the
symptoms. One patient (4.8%) had household contact with
an apparently healthy cat, and another reported contact
with soil during his work as a brnicklayer. Five patients
(23.8%) failed to report any condition or risk factor that
might explain transmission of the etiologic agent. Mean

duration of symptoms before clinical care was 5.75 months
(range: 0.5-60 months).

Clinical presentation

Table 1 shows the clinical presentations of the 21 patients,
1.e., seven (33.3%) had the lymphocutaneous form, seven
(33.3%) the disseminated form, five (23.8%) the wide-
spread cutaneous form, and two (9.5%) the fixed form.
With regard to cutaneous involvement, all patients
except one (case 2) presented cutaneous lesions, mani-
fested mainly as ulcerated nodules in 11 patients (52.4%),
ulcers in eight (38.1%), and cystic masses in one (4.8%).

@ 2012 ISHAM, Medical Mycology, 50, 170-178
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Twelve patients (57.1%) had up to 10 lesions, six (28.6%)
had 11-20 lesions, one (4.8%) had 51 lesions (case 16),
and one (4.8%) had 130 lesions (case 15; Fig. 1). Extensive
lesions (>4 ¢m) were observed in eight patients (38.1%)
(Fig. 2). Localized lesions were present on the upper limbs
in eight patients (38.1%) and on the abdomen in one
(4.8%), whereas the other cases had widespread cutaneous
lesions.

Three patients (cases 2, 12, and 15) presented inflam-
matory nasal lesions, including two with nasal septum
destruction (cases 2 and 15) and two with lesions of the
oral mucosa (cases 2 and 12). The manifestations observed
were rhinorrhea and dysphagia. Granulomatous conjuncti-
vitis of the right eye was seen in case 5 (Fig. 3).0steomy-
elitis was diagnosed in two patients (cases 12 and 14)
affecting the ankle and knee (Case 12) and the left index
finger, along with tenosynovitis in the left forearm
(Case 14). Both cases were associated with IRIS [33].

Regarding central nervous system involvement, there
were two cases of subacute meningoencephalitis associ-
ated with IRIS as previously described [34]. Both patients
presented with fever, headache, and vomiting. Case 13
also had lethargy, seizures, and hydrocephalus (observed
on a brain computed tomography scan). CSF abnormali-
ties were consistent with aseptic/clear fluid meningitis.
The criterion for diagnosis of IRIS was the onset of inflam-
matory sporotrichosis in case 14 after initiating antiretro-
viral therapy, accompanied by immune recovery (increase
in CD4 cell count and viral load suppression). For the
other patients who were already in treatment for sporo-
trichosis, IRIS was suggested by the worsening of the
clinical status, such as the appearance of new lesions (cuta-
neous, nasal mucosa, and bone in case 12) and the onset
of meningoencephalitis (cases 11 and 13) shortly after
immunological improvement due to antiretroviral therapy.
All four patients were previously antiretroviral-naive.

Fig. 1 Case 15 with severe immunosuppression presenting widespread
cutaneous lesions. He also had nasal mucosa involvement.

With regard to signs and symptoms associated with
sporotrichosis and/or AIDS, 10 patients (47.6%) reported
fever and seven (33.3%) weight loss. Two patients (9.5%)
presented erythema multiforme attributed to sporotricho-
sis, which improved with prednisone and itraconazole
treatment (cases 4 and 7).

Laboratory diagnosis

Diagnosis of sporotrichosis was based on the microscopic
observation of §. schenckii in the skin of 20 patients
(95.2%) and in the nasal and oral mucosa of patient 2. The
etiological agent was also isolated from samples of the
nasal mucosa collected from three patients (14.3%), CSF
of two patients (9.5%), and the conjunctival mucosa, urine,
blood, and sputum collected from one of each of four
separate patients,

A total of 12 specimens from 10 patients were submit-
ted to histopathological examination. One specimen was
very superficial, including only the epidermis, and was
excluded from the histopathological results (case 21). In
seven cases (2, 4, 8, 12, 16, 17, and 20) the inflammatory
response was characterized by diffuse granulomatous der-
matitis with giant cells, histiocytes, lymphocytes, plasma
cells, and neutrophils. Suppurative granulomas were
observed in five samples and necrosis in three. In all patients
except one (case 4) the infectious agent appeared as
numerous round or elongated cigar-shaped elliptical forms
which were best visualized under silver staining (Fig. 4).

Treatment and outcome

Cure was achieved in 17 patients (81%). Itraconazole was
well tolerated. Amphotericin B had to be discontinued in
case 17 due to acute renal failure. One patient (case 20)
died of sepsis before treatment. Two patients (cases 13
and 18) died during suppressive treatment, without any
evidence of sporotrichosis activity (all cultures were nega-
tive). Case 13 died of methicillin-resistant Staphviococcus
aureus meningitis secondary to lumbar puncture for the
relief of hydrocephalus. Case 18 refused antiretroviral
treatment and died of AIDS-related complications. In case
11, meningitis relapsed after 16 months, but definitive
cure was achieved after retreatment with amphotericin B.
Clinical follow-up ranged from 1-10 years.

Discussion

The large number of sporotrichosis cases associated
with HIV infections seen at our institution is probably due
to the occurrence of overlapping endemics in the State
of Rio de Janewro [36], especially among low-income
patients. For the peniod from 2005-2008, there was an

© 2012 ISHAM, Medical Mycology, 50, 170178
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Fig. 2 Case 8 presenting bilateral auricular lesions with chondritis and partial destruction of the right ear. He also had nodular and cystic lesions with

neck lymphadenopathy.

increase of approximately 85% in the number of sporo-
trichosis cases per year as compared to the annual rate up
to 2004. During this same period there was an increase of
126% 1in cases of sporotrichosis in HIV-infected patients.
Thus, all patients except one came from areas with zoonotic
sporotrichosis, and most cases (66.7%) presented an
epidemiological history of transmission from cats with
sporotrichosis. Some patients were working (in various
occupations), but a full one-third (33.3%) remained largely
at home (housewives, unemployed, retired subjects, stu-
dents), thus increasing contact with their sick cats. As
opposed to the common observation in cases of zoonotic
sporotrichosis in Rio de Janeiro involved women aged
31-50 years [35,36], men from the same age bracket com-
prised the majority of patients in the present case series.
This finding reflects the course of the AIDS epidemic in
Brazil, where the male/female ratio is still 1.5, despite a
decline in the number of new cases [37].

This study revealed a broad clinical spectrum of sporo-
trichosis, ranging from localized forms with spontaneous
cure to disseminated and severe disease leading to death.
In general, in HIV-positive patients without clinically
defined AIDS (no clinical signs of immunodeficiency),
sporotrichosis was manifested as the lymphocutaneous and
fixed forms. In contrast, the disseminated and widespread
cutaneous forms were observed in patients with AIDS

@ 2012 ISHAM, Medical Mycology, 50, 170178

(CD4 count =200 cells/pl), sometimes with multisystem
involvement, with single or associated lesions of the
mucosa, CNS and bones. Case 5 was an exception, as
he presented the disseminated form despite a CD4 count
of 488 cells/ul, with multiple cutaneous lesions and con-
junctival mucosa involvement. In addition, two patients
(cases 4 and 7) showed an association between sporo-
trichosis and erythema multiforme as the result of a
probable hypersensitivity reaction to S. schenckii. This has
been previously described in zoonotic sporotrichosis in
Rio de Janeiro. with favorable clinical outcome [35]. This
clinical association can also be attributed to multiple inoc-
ulations during the transmission of sporotrichosis, since
patients reported several scratches and bites by their cats.

Seven patients were unaware of their HIV infections
prior to the diagnosis of sporotrichosis, with its opportu-
nistic clinical presentation, suggesting the presence of
underlying immunosuppression as previously reported
by other investigators [5-7,11,19,20,24,29].

The skin was the most commonly affected site (95.2%)
and was probably the portal of entry of the etiologic agent.
Typical lesions were observed. except for case 13,
who presented large cystic masses. Whereas, patients with
clinically defined AIDS had larger and more numerous
lesions. Al-Tawfiq and Wools [19] reported the presence
of psoriasiform cutaneous lesions in patients with AIDS.
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Fig. 3 Case 5 presenting right granulomatous conjunctivitis.

The nasal mucosa (14.3% of cases) was the most
common extracutaneous site in the series. In sporotricho-
sis with or without HIV infection, involvement of the
nasal or oral mucosa is attributed to dissemination of the
fungus from cutaneous lesions and is rare as an isolated
manifestation (seen only in case 2) [13.25]. This patient
was a bricklayer and reported no contact with cats with
sporotrichosis. Primary sinusitis was observed by Morgan
and Reves [17] in AIDS patients. The authors suggested
that inhalation or digital inoculation was the likely mode
of entry of the fungus, as was observed in the present
patient. Septum perforation and ‘tapir nose’, as observed
in leishmaniasis, paracoccidioidomycosis, tuberculosis,
and syphilis, had not been described as affecting the nasal
cavity in sporotrichosis. This complication was probably a
result of the HIV-related immunosuppression of the patient.
However, the hypothesis that the S. schenckii strain involved
in this case produced some virulence factors that may have

Fig. 4 Gomori’s methenamine silver stain of cutaneous biopsy from
case 20 showing numerous round shaped structures of Sporothrix schenckii
(40 x and 100 -spot).

favored the appearance of these destructive mucous
lesions cannot be excluded. Our group is currently con-
ducting further research on this issue. Neurotropism is an
important aspect of S. schenckii infections in patients with
AIDS, and systematic investigation of possible CNS
involvement is mandatory. Seven of the 34 cases of sporo-
trichosis associated with HIV infections reported in the
literature presented CNS involvement characterized by
meningoencephalitis and hydrocephalus, causing death in
some cases [10.12,13,15,16,29.30,32]. In the present series,
the CNS was the second most frequently affected extracu-
taneous site. The number of CNS cases was the same
as for osteoarticular sporotrichosis (with bones and joints
as the classically affected site), and the death of case 13
was caused indirectly by sporotrichosis. Osteoarticular
involvement was not associated with inoculation site and
was characterized by phalanx and knee osteomyelitis
and tenosynovitis. In contrast to the literature, isolated
monoarthritis was not observed [3.4.8.11,23]. Both CNS
and osteoarticular involvement were associated with IRIS.

As for the specimens and samples in which S. schenckii
was detected, infection was diagnosed by isolation from
skin exudates in most cases. Although the fungus was
isolated from sputum and urine, no related clinical or
radiological manifestations were observed. Histopatho-
logical analysis performed with specimens from 47.6% of
the patients showed the formation of granulomas in
the majority. despite the patients’ immunodeficiency.
Although detection of S. schenckii in histological sections
is difficult, other authors have identified the fungus in
patients with AIDS as observed in the present study, prob-
ably because of HIV-induced immunosuppression leading
to high fungal burden. Importantly, transmission by direct
contact with a cat with sporotrichosis might have contrib-
uted to this result [35].

In terms of clinical evolution and treatment response,
most patients (81%) were cured regardless of clinical form
and immune status. Many patients only received 100 mg
itraconazole for treatment of both the localized and
widespread cutaneous forms of the disease, with an excel-
lent response. According to a previous study. the strains
involved in the zoonotic sporotrichosis in Rio de Janeiro
show high in vitro sensitivity to itraconazole [39]. Case 11
had a relapse in the CNS, a site characterized by poor
permeability to antifungal agents. Spontaneous cure, as
observed in case 19, has been reported to range from
11-18% among cases in this endemic area [35.36].

In conclusion, the good clinical results in this series
were due to the appropriate management of the mycosis,
including investigation of fungal dissemination in immu-
nosuppressed patients and antifungal and antiretroviral
therapy. The one patient who died (case 20) in whom the
two infections were diagnosed simultaneously resembled

© 2012 ISHAM, Medical Mycology, 50, 170178
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many cases from the pre-HAART era. HAART, although
triggering IRIS in four patients, certainly improved the
patients’ prognosis. The results demonstrate the relevance
of sporotrichosis as an opportunistic infection associated
with AIDS in countries where the mycosis occurs.
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Editor, PLOS Neglected Tropical Diseases,

Please find attached the presubmission for the manuscript “Sporotrichosis: An
Emerging Neglected Opportunistic Infection in HIV-infected Patients in Rio de Janeiro,
Brazil” which we would like to submit to the PLOS Neglected Tropical Diseases Journal.

With the occurrence of the Zoonotic Sporotrichosis Epidemics in Rio de Janeiro,
Brazil, since 1998, our group has accumulated a vast experience in accompanying patients
with this mycosis and has published articles on its features, regarding its particularities of less
common outcomes and complications, as well.

Sporotrichosis is not equally distributed worldwide, but mainly in tropical and
temperate regions of the Globe. In Rio metropolitan area we face hyperendemic levels of
sporotrichosis and this endangers underserved populations, among whom sporotrichosis has
been propagated with different transmissible (e.g. HIV) and non-transmissible diseases. In
2012, we published a case series of 21 patients with sporotrichosis co-infected with HIV,
followed up in our institute until 2009, but this number is still increasing. Up to March 2013,
this reference center for infectious diseases, which is responsible for ~70% of sporotrichosis
cases in Rio de Janeiro state has accumulated 3,618 adult patients with this mycosis, of whom
48 were co-infected with HIV. In this particular subgroup, sporotrichosis has assumed severe
presentations and has elicited the suspicion for AIDS. Nineteen patients (40%) from this
group were still unaware of the HIV infection, and sporotrichosis behaved similar to classic
opportunistic diseases, with severe disseminated clinical presentations, a strong need for
hospitalizations and deaths.
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The control of both infections, HIV and sporotrichosis, seems possible since both are
preventable conditions. Nevertheless, this is far beyond our reality, in a scenario where the
access to public health is not easy to many at-risk populations, and behavior changes both
from the population in general, and from the authorities are mandatory.

As the PLOS Neglected Tropical Diseases Journal reaches a large number of
physicians worldwide, we find important the publication of our results in this prestigious
journal as a way of calling the attention for this superposition. Sporotrichosis is not in the
main scope of the Journal, but it has really been shown an increase in the number of cases,
notably in some developing countries, including India, China and Brazil.

All the authors have seen and approved the content and have contributed significantly

to this work.

Yours sincerely,

Dayvison Francis Saraiva Freitas, MD

PhD Student in Tropical Medicine
Instituto Oswaldo Cruz / Fiocruz
Rio de Janeiro, RJ, Brazil
# +55 21 99674 5084
dayvison.freitas@ipec.fiocruz.br
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Abstract

Sporotrichosis associated with zoonotic transmission remains a relevant public
health problem in Rio de Janeiro, Brazil, affecting a large at-risk population, which
includes HIV-infected individuals. We assessed patients co-infected by Sporothrix
spp. and HIV over time in the context of an unabated sporotrichosis epidemic.

A comprehensive search of a National reference institute for infectious
diseases’ database retrieved information regarding 48 patients with sporotrichosis-
HIV co-infection (group 1), as well as 3,570 patients with sporotrichosis (group 2),
from 1987 through March 2013. Most patients from group 1 were male (68.8%),
whereas women were predominant in group 2 (69.1%; p<0.0001). Patients from
group 1 were younger than those from group 2 (4 = 38.38 £ 10.17 vs. 46.34 + 15.85;
p<0.001) and differed from group 2 in terms of their race/ethnic background, with
70.8% non-white patients in group 1 vs. 38.6% from group 2 (p<0.0001). Close to
half (~44%) of the patients from group 1 were hospitalized due to sporotrichosis over
time, whereas hospitalization was very unlikely in group 2, among whom
approximately 1% were hospitalized over time. Dissemination of sporotrichosis was
the main cause of hospitalization in both groups, although it was more common
among hospitalized patients from group 1 (19/21 [90.5%] vs. 16/37 [43.2%];
p<0.001). Over the period under analysis, eight patients died due to sporotrichosis
(3/48 vs. 5/3,570). The diagnosis of sporotrichosis elicited HIV testing and
subsequent diagnosis in 19/48 patients, whereas 23/48 patients were simultaneously
diagnosed with the two infections.

HIV infection aggravates sporotrichosis, with a higher incidence of severe
disseminated cases and a higher number of hospitalizations and deaths.
Underserved populations, among whom sporotrichosis has been propagated, have
been affected by different transmissible (e.g., HIV) and non-transmissible diseases.
These populations should be targeted by community development programs and

entitled to integrated management and care of their superimposed burdens.
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Author Summary

Sporotrichosis is a subcutaneous, worldwide-distributed mycosis, endemic in
some areas and is caused by dimorphic fungi from the complex Sporothrix schenckii.
Its association with zoonotic transmission remains a relevant public health problem in
Rio de Janeiro, Brazil, affecting a large at-risk population, which includes HIV-
infected individuals. A comprehensive search of a National reference institute for
infectious diseases’ database retrieved information regarding 48 patients with
sporotrichosis-HIV co-infection (group 1), as well as 3,570 patients with
sporotrichosis (group 2), registered from 1987 through March 2013. Group 1 mainly
comprised young, non-white men, while group 2 was predominantly comprised of
white middle-aged women. HIV infection aggravates sporotrichosis, as seen with
patients from group 1, who presented more severe disseminated sporotrichosis, a
higher need for hospitalization and risk of death due this mycosis. Due to its
aggressive presentation, sporotrichosis elicited HIV testing and subsequent diagnosis
in 19/48 patients. Underserved populations, among whom sporotrichosis has
propagated, have been affected by different transmissible (e.g., HIV) and non-
transmissible diseases. These populations should be targeted by community
development programs and entitled to integrated management and care of their

superimposed burdens.

Introduction

Sporotrichosis is a subcutaneous mycosis with a worldwide distribution that is
endemic in some areas of Latin America. The infection is caused by a dimorphic
fungus previously described as a single species, Sporothrix schenckii [1], that is now
understood as a complex of different species of clinical interest [2]. Molecular studies
have identified Sporothrix globosa, Sporothrix mexicana, Sporothrix brasiliensis and
S. schenckii as responsible for sporotrichosis in different regions [2-7]. The classical
infection is associated with traumatic subcutaneous inoculation of soil, plants, and
organic matter contaminated with fungus, with rare cases of transmission from
infected animals [1]. Most patients with sporotrichosis have a localized disease

limited to the skin and subcutaneous tissue (lymphocutaneous and cutaneous fixed
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forms), comprising up to 95% of cases. Dissemination to various organs and systems
occurs in rare cases, mainly in immunosuppressed individuals [8].

In Rio de Janeiro state, Brazil, sporotrichosis has become an urban
endemic/epidemic phenomenon, with transmission from infected cats to humans in
~91% of human cases [9]. These cases came from the greater metropolitan area of
Rio de Janeiro (the capital city of Rio de Janeiro state), forming a sporotrichosis belt.
These areas are low-income, underserved areas, with scarce and inadequate health
services [9-10].

The increase in the number of cases of the disease has been continuous for
more than 15 years and remains on the rise, affecting vulnerable groups of humans,
as well as domestic and stray cats [10]. In 2012, Freitas et al. [8] described the
clinical manifestations and evolution of sporotrichosis in human immunodeficiency
virus (HIV)-infected patients in the largest case series reported to date worldwide.

In Brazil, the HIV/AIDS epidemic has been stable and concentrated in some
urban areas, mostly affecting men who have sex with men and female sex workers.
The overall epidemic dynamics have switched from a population of higher
socioeconomic status to individuals from low-middle and lower socioeconomic strata
[11]. These dynamics favor a superposition of HIV spread with other infections such
as tuberculosis and leprosy, which have been uniquely prevalent in contexts of
poverty and pronounced socioeconomic and social geographic inequality [12, 13].

The present study summarizes data from a large dataset of sporotrichosis
cases, consisting of 3,570 patients registered from 1987 up to March 2013, as well as
48 patients co-infected by HIV and sporotrichosis, who sought care at a reference

infectious disease unit located in Rio de Janeiro, Brazil.

Methods

Study site. Instituto de Pesquisa Clinica Evandro Chagas (IPEC) is a National
reference center for infectious diseases. Since the beginning of the sporotrichosis
epidemic in Rio de Janeiro in 1998, this center has been the main referral center for
the treatment of this mycosis in the state due to its certified laboratory and the
optimal infrastructure of its clinical and ancillary services. All services are delivered
free of charge, and referral is agile. Patients may be referred to IPEC from any health

service (public or private) or may spontaneously seek care. In addition, the AIDS
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program at IPEC began in 1986 and is currently one of the largest providers of
primary, specialty, and tertiary care for HIV-infected individuals and AIDS patients in
Rio de Janeiro State.

Study design. A systematic search of IPEC’s clinical database was
conducted to identify cases of sporotrichosis-HIV co-infection that were registered
from 1987 through March 2013, as well as sporotrichosis cases, overall. All patients
diagnosed with sporotrichosis confirmed by laboratory tests were included, as well as
patients living with HIV under follow-up in the institute’s cohort. Patients with
sporotrichosis co-infected with HIV (hereafter denominated “group 1”) and patients
with sporotrichosis (“group 2”) constituted the groups under analysis. Additional
analyses were conducted on patients from the IPEC HIV/AIDS cohort who were
diagnosed with the following opportunistic mycoses: histoplasmosis, cryptococcosis
and paracoccidioidomycosis. Only patients aged 18 years old or more at the time of
registration were included in the study.

HIV diagnosis. The diagnosis of HIV infection followed Brazilian Ministry of
Health regulations, which are summarized as follows: an immune-enzymatic method
(ELISA) test plus immune-fluorescence or western blot. HIV serology was conducted
in all cases of disseminated cutaneous and disseminated cases of sporotrichosis or
evidence of HIV signs or symptoms. A non-paired random HIV test was performed
with the stored blood samples of 850 patients from group 2 who were registered from
2000 through 2008.

Sporotrichosis diagnosis. Isolation of Sporothrix spp. from clinical
specimens was used as the study’s key inclusion criterion, as previously described
by Barros et al. [14]. When the patient had clinical or laboratory signs of HIV-related
immunodeficiency (CD4* count < 200 cells/uL), fungal dissemination was
investigated by culturing his/her sputum, blood, urine, and cerebrospinal fluid (CSF)
samples, as well as by endoscopic and imaging studies, as previously described by
Freitas et al. [8]. Clinical cases of sporotrichosis were classified as localized
(lymphocutaneous and fixed forms), cutaneous disseminated and disseminated
forms. This last form may involve extracutaneous tissues such as the skeletal
system, lungs, testis, nervous system, and mucous membranes [15].

Data collection. Demographic data included the following categories: gender,
age, ethnicity/color, city of residence and education. Ethnicity/color was established
as white or non-white (brown [mulatto] and black were grouped together here) by the

administrative staff at the time of registration in the institute until the year 2005, after
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which this information was then self-reported by the patients. The clinical
characteristics of sporotrichosis, as well as the associated morbidity and mortality,
were summarized by the variables as follows: “date of diagnosis of HIV infection” for
patients from group 1; “date of diagnosis of sporotrichosis”; “hospitalization due to
sporotrichosis” (yes/no); main cause for hospitalization among those hospitalized as
a consequence of sporotrichosis (dissemination, secondary bacterial infection,
hypersensitivity reaction [erythema multiforme or erythema nodosum], and local
worsening); comorbidities (cardiovascular disease [ICD-10:151.6], diabetes [ICD-
10:E10-E14], chronic obstructive pulmonary disease (COPD) [ICD-10:J44], and
alcoholism [ICD-10:F10]); number and length of hospitalizations due to
sporotrichosis; as well as deaths secondary to sporotrichosis.

Additional analyses took into consideration the year of occurrence of
opportunistic mycoses (histoplasmosis, cryptococcosis and paracoccidioidomycosis)
in patients from the IPEC HIV/AIDS cohort.

Sociodemographic, clinical and laboratory data were entered into contingency
tables and cross-compared using parametric and non-parametric tests (e.g., chi-
square or Fisher’'s exact tests for categorical variables, and t-tests or the Wilcoxon-
Mann-Whitney test for means for continuous variables). A p-value lower than 0.05
was defined as statistically significant for the sake of our analyses. Analyses were
carried out with the help of SPSS (17.0), R (version 2.15.3) and Microsoft Office
Excel 2013.

The Research Ethics Committee of IPEC/Fundagéo Oswaldo Cruz (Fiocruz),
RJ, Brazil, approved this study under the protocol number 0001.0.009.000-06.

Results

From 1987 through March 2013, 3,618 patients were diagnosed with
sporotrichosis at IPEC and 48 of them were co-infected with HIV (Figure 1). The main
sociodemographic aspects of the patients with sporotrichosis are summarized in
Table 1.

When cross-comparing patients from groups 1 and 2, some interesting
differences were evident. Individuals from both groups clustered in the same
geographic area, i.e., the outskirts and impoverished neighborhoods of the

metropolitan region of Rio de Janeiro (95.8% and 97.2%, respectively) and had a
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similar low educational background. Among the patients from group 1, approximately
40% of patients had more than 8 years of schooling and a slightly higher proportion
of patients from group 2 (50.6%) had a similar educational level (this difference was
not statistically significant; p>0.2).

Most patients from group 1 were male (68.8%), whereas women predominated
in group 2 (69.1%; p<0.0001). Patients from group 1 were younger than those from
group 2 (mean age = 38.38 + 10.17 years vs. 46.34 + 15.85 years; p<0.001) and
differed from those from group 2 in terms of their race/ethnic background, with 70.8%
non-whites in group 1 vs. 38.6% from group 2 (p<0.0001).

Sporotrichosis has been associated with some major harms and risks. There
were 69 hospitalization events due to sporotrichosis among 58 patients (i.e., some of
them were hospitalized more than once; Table 2). However, the proportion of patients
who required hospitalizations over time markedly differed between groups. Close to
half (~44%) of the patients from group 1 were hospitalized over time, whereas
hospitalization was a very unlikely event among patients from group 2, among whom
approximately 1% were hospitalized over time as a consequence of conditions
directly or indirectly associated with sporotrichosis. In addition to the fact that they
were much more frequent, hospitalizations were longer among patients from group 1
compared to group 2 (37 days vs. 21 days; not statistically significant, as expected
for such small figures). Among patients from group 1, the need for hospitalization due
to sporotrichosis was 42 times higher than among those from group 2. This difference
becomes even more pronounced (greater than 50 times higher) when successive
hospitalizations to perform complex or extensive diagnostic and therapeutic
procedures, such as parenteral antifungal treatment, supportive therapy and its
associated monitoring, are taken into consideration (Table 2).

Dissemination of sporotrichosis was the main cause for hospitalization in both
groups, although it was more common among hospitalized patients from group 1
(19/21 [90.5%] vs. 16/37 [43.2%]; p<0.001). On the other hand, local and/or
hypersensitivity manifestations of sporotrichosis were predominant in hospitalized
patients from group 2 (p<0.001). At least one comorbidity was present in 54.1%
(20/37) of the hospitalized patients from group 2, but this was a relatively rare event
(3/21 [14.3%]) among hospitalized patients from group 1 (p<0.01) (see Table 2). This
difference was mainly due to cardiovascular diseases (p<0.05), whereas the
prevalence of diabetes was relatively similar in both groups. Three hospitalized

patients belonging to group 1 had other opportunistic infections at the time of
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hospitalization: one patient had pulmonary tuberculosis, another patient had
cryptococcal meningitis and another had cytomegalovirus retinitis.

During the period under analysis, eight patients died due to sporotrichosis
(3/48 vs. 5/3,570); thus, death attributed to sporotrichosis occurred 45 times more
frequently in patients from group 1.

Sporotrichosis elicited HIV testing and subsequent diagnosis, due to its severe
clinical presentation, in 19 patients who were unaware of their HIV status. Four other
patients were simultaneously diagnosed with the two infections. However, three of
them presented localized disease and HIV-related conditions (chronic seborrheic
dermatitis, herpes zoster, weight loss and dyspnea) and one had sporotrichosis
exclusively, with lymph node involvement a few days after the diagnosis of the HIV
infection. In total, 23 patients were simultaneously diagnosed with the two infections.
Among the remaining 25 patients, 13 were under follow-up in the HIV/AIDS cohort
and 12 were referred by other HIV/AIDS clinical providers.

In the non-paired random HIV testing performed among 850 patients from
group 2, 1 sample was positive (0.12%).

In an effort to better understand the role of sporotrichosis vis-a-vis other
endemic or classic opportunistic mycoses affecting patients with HIV/AIDS belonging
to the IPEC HIV/AIDS cohort, an additional search of the institution’s database was
performed. It included 5,385 patients living with HIV/AIDS and focused on diagnoses
of histoplasmosis, cryptococcosis and paracoccidioidomycosis reported among
patients living with HIV/AIDS since 1987 (Table 3, see also Supporting Information).

In recent years, cases of sporotrichosis have been on the rise, whereas
figures for histoplasmosis, cryptococcosis and paracoccidioidomycosis have been

low or declining (Table 3).

Discussion

The first case of sporotrichosis and HIV co-infection diagnosed at IPEC was
reported in 1999, roughly coinciding with the emergence of sporotrichosis as a public
health issue in Rio de Janeiro [16]. Since then, the increase in the number of patients
with this co-infection was roughly proportional to the overall increase in the number of
sporotrichosis cases over time, with the exception of 2005. During this year, the

specialized outpatient service’s staff was dramatically reduced by a combination of
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factors. This anomaly certainly biased our time series, the clientele’s demands that
year could not be properly addressed. As of early 2006, the service regained its full
working capacity.

A greater than proportional increase in patients with sporotrichosis co-infected
with HIV has been documented in recent years. This may be explained by an actual
acceleration of the propagation of sporotrichosis in the last seven years, by a
comprehensive HIV screening by clinicians aware of the possibility of co-infection
and the seriousness of this type of double health burden, or a combination of both
factors. A possible bias to be pointed is the fact that the most severe cases are prone
to be referred to IPEC even more frequently than the regular cases of sporotrichosis.
In the context of the stability of the HIV/AIDS epidemic, it is unlikely that a local
outbreak of HIV has been taking place among people with sporotrichosis. The
modest prevalence of other fungal co-infections and their decline in recent years
speak in favor of a unique pattern followed by sporotrichosis, which may or may not
be associated with HIV/AIDS.

According to the norms issued by the Brazilian Ministry of Health,
sporotrichosis does not constitute a condition for which provider-initiated testing and
counseling for HIV is mandatory or strongly recommended (such as for patients
diagnosed with tuberculosis). As the clinical forms of sporotrichosis in HIV-infected
patients varied according to the patients’ immune status, we might be missing
asymptomatic seropositive patients from group 2 who would present benign forms of
sporotrichosis (lymphocutaneous and fixed), which correspond to ~90% of the clinical
presentation of sporotrichosis cases among our patients overall [9, 14]. Because of
this possibility, we performed a non-paired random HIV testing in approximately one-
quarter of the blood samples collected from patients form this group. Despite the
limitations intrinsic to this type of strategy (besides the fact that this strategy is the
only one that could be accomplished retrospectively), the low prevalence (0.12%)
speaks in favor of a modest degree of misclassification (i.e., people assigned to
group 2 who actually belong to group 1). Obviously, misclassification constitutes a
bias that may compromise any cross-comparative analysis. In this specific study, one
tends to overestimate harms and risks associated with co-infection because cases
who did not present any evident clinical problem tend to be erroneously included in
group 2.

The sociodemographic characteristics of group 1, which is composed of a

majority of young males, differ from group 2, which is mostly composed of middle-
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aged women engaged in domestic duties as previously described in this epidemic [9,
14]. This finding may reflect the dynamics of the HIV/AIDS epidemic in Brazil. Recent
studies have shown that the number of affected men is still increasing, especially
among young men who have sex with men (MSM). At the end of 2012, the estimated
overall prevalence of HIV in Brazil was 0.4% but reached 10.5% among MSM [11].

Most of the patients in group 1 and almost half of the patients from group 2
had eight years or less of education. Neglected diseases are often found in poor,
marginalized sections of the population who have restricted access to formal
education [17]. Furthermore, non-white ethnicity/color was prevalent only in group 1.
This finding could point to a subgroup with worse social and economic conditions,
which historically reflects inequality in access to health services that tends to be
secondary to multiple partially overlapping factors, such as social status, gender,
race/ethnicity, place of residence, etc. [18]. However, a misreporting of this variable
cannot be ruled out because in Brazil, there is a large degree of miscegenation and
the registered ethnicity/color was based on skin color instead of proxies of genetic
ancestry [19].

As previously described, HIV clearly modifies the natural history of
sporotrichosis and is associated with a broad spectrum of this mycosis. We support
this conclusion, as we have shown that it causes a much higher incidence of severe
disseminated cases and a greater number of hospitalizations and deaths. This
increase may represent a serious issue to the public health and to the economy of
the region.

Moreover, we should keep in mind that sporotrichosis is not always a benign
disease and can lead to hospitalization and death even in patients without
immunosuppression. Since July 2013, sporotrichosis was included among the
conditions for which a formal report to the State Health Secretariat is mandatory. This
change is an auspicious one, which may contribute to much more accurate reports in
the near future.

Secondary bacterial infection and hypersensitivity reactions were found to be
relevant causes of hospitalization among patients from group 2. In this group, the
presence of comorbidities was key in terms of more serious conditions and more
frequent hospitalizations. S. brasiliensis, the main etiologic agent of this specific
epidemic, seems to be more virulent than other species of the S. schenckii complex

[20] and may cause pronounced hypersensitivity reactions.
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It is remarkable that 47.9% of patients were simultaneously diagnosed with the
two infections due to the presence of opportunistic sporotrichosis or other HIV-related
conditions. It is clear that this subgroup of patients did not have adequate access to
the early diagnosis of HIV infection and have entered into HIV care relatively late,
which seems to have increased their chance of acquiring additional infections and
the risk of dying as a consequence of AIDS in the first year of diagnosis [21].

Unlike sporotrichosis, which has been a sustained and protracted threat in
recent years, highly active antiretroviral therapy has been associated with a
stabilization of the number of classical opportunistic mycoses, such as
histoplasmosis and cryptococcosis [22], as documented in our database.

Sporotrichosis incidence among HIV-infected patients has been increasing on
a continuous basis, and at the end of the study period, the incidence was roughly
comparable to that of histoplasmosis and cryptococcosis. In contrast,
paracoccidioidomycosis does not seem to be associated with HIV infection.

Since the beginning of the sporotrichosis zoonotic epidemic in Rio de Janeiro,
IPEC has been the main regional reference center for this mycosis. The same does
not apply to the management of classical opportunistic mycoses; therefore, the IPEC
figures for sporotrichosis tend to be close to the actual number of cases in the
metropolitan area of Rio de Janeiro, but IPEC figures certainly underestimate
classical opportunistic mycoses that are usually managed by clinicians and infectious
diseases from a large network of primary and secondary HIV/AIDS care locations.

In 2012, the clinical profiles of 21 of these 48 patients of group 1 who were
followed up in 1999-2009 were analyzed by our team [8]. A search for international
reports in English at that time accounted for 34 cases historically reported. The
present study updated this information up to March 2013, making this case series the
largest worldwide to the best of our knowledge.

The harms and risks associated with the propagation of sporotrichosis in a
disenfranchised population affected by different medical and social conditions are of
concern. Among these multiple, partially superimposed burdens, sporotrichosis and
HIV co-infection is of great concern. Both infections are preventable and should be
targeted by integrated programs. It would be naive to suppose that these deprived
and underserved communities do not face other major overlapping problems, such as
substance misuse, crime, and a myriad of other problems associated with inadequate
sanitation, waste disposal, access to healthy food, etc. Community development and

structural changes fostered by comprehensive public policies and private-public
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partnerships remain the only real alternative to permit these communities to regain
full citizenship and acceptable standards of life. The wunabated spread of
sporotrichosis in the second largest and most industrialized metropolitan area in
Brazil, for more than a decade, is evidence that we are unfortunately far from

reaching these goals.
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Table 1. Demographics of the patients diagnosed with sporotrichosis at IPEC from

1987 through March 2013.

Variable Category Group 1 Group 2 p-value
Sample 48 3570
Gender Male 33 (68.8%) 1102 (30.9%)  <0.0001
Female 15 (31.2%) 2468 (69.1%)
Age Mean 38.4 46.3 <0.001
Ethnicity/color  White 14 (29.2%) 2148 (60.2%) <0.0001
Non-white 34 (70.8%) 1380 (38.7%)
Unknown - 42 (1.1%)
Place of Hyperendemic? 46 (95.8%) 3469 (97.2%) >0.60
Residence Non-hyperendemic 2 (4.2%) 101 (2.8%)
Education 0-8 years 28 (58.3%) 1712 (48.0%) >0.20
> 8 years 19 (39.6%) 1806 (50.6%)
Unknown 1(2.1%) 52 (1.4%)

!Hyperendemic: Rio de Janeiro metropolitan region.

Table 2. Hospitalization of patients with sporotrichosis at IPEC from 1999 through

March 2013.
Group 1 Group 2 p-value
Sample 48 3570
Hospitalized 21 (43.75%) 37 (1.04%) <0.0001
No of hospitalizations? 28 41 <0.0001
Mean length of hospitalization (days) 37 21 >0.05
Main cause for hospitalization
Dissemination 19 16 <0.001
Other?® 2 21 <0.001
Secondary bacterial infection 1 14
Hypersensitivity reaction 1 5
Local worsening - 2
Comorbidity 3 20 <0.01
Cardiovascular 1 12 <0.05
Diabetes 2 4
COPD? - 2
Alcoholism - 2

IFour HIV patients had two hospitalizations and one had four hospitalizations, whereas four non-HIV
patients had two hospitalizations. 2COPD: Chronic Obstructive Pulmonary Disease. 3p-value for the
other causes of hospitalization grouped (secondary bacterial infection, hypersensitivity reaction, local

worsening).

Table 3. Annual diagnosis of opportunistic mycoses in patients with HIV at IPEC from

1987 through March 2013.

Year Cryptococcosis Histoplasmosis Paracoccidioidomycosis Sporotrichosis

No % Increment No % Increment No % Increment No % Increment
<1992 15 - 10 - 2 - - -
1993-1996 16 6,67% 16  60,00% 1 -50,00% - -
1997-2000 5 -68,75% 14 -12,50% 1 0,00% 1 -
2001-2004 10 100,00% 15  7,14% 4 300,00% 6 500,00%
2005-2008 9 -10,00% 12 -20,00% 4 0,00% 19 216,67%
2009-2013 18 100,00% 22  83,33% 7 75,00% 20 5,26%
Total 73 89 19 48
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6. CAPITULO 3 — INFLUENCIA GENOTIPICA E VIRULENCIA FUNGICA NAS APRESENTACOES

CLiNICAS

Neste capitulo, um trabalho submetido e outro em fase de elaboracdo séo

apresentados.

No inicio dos anos 2000, ainda no comeco da epidemia zoonética de
esporotricose na regidao metropolitana do Rio de Janeiro, alguns estudos apontavam
para um perfil genotipico distinto dos isolados obtidos em seres humanos e em gatos
domésticos com esta micose. Em 2007, um grupo de pesquisadores prop6s a
criacdo de um complexo Sporothrix schenckii que englobaria espécies de interesse
clinico, com denominacdo da espécie encontrada em alguns pacientes desta
epidemia, de S. brasiliensis.

Alguns isolados fungicos obtidos de pacientes com aspectos clinicos
curiosamente comuns, e outros exclusivos desta epidemia, foram fenotipica e
genotipicamente analisados. Pudemos, entdo, detectar que S. brasiliensis esteve
associado a estas formas outrora menos comuns ou inexistentes, como 0s quadros
de esporotricose disseminada e as apresentacdes com hipersensibilidade.

O paciente com mais tempo de doenca em atividade que acompanhamos,
com quadro crénico disseminado e destrutivo, sem um retrospecto clinico condizente
com tamanha exuberancia nos intrigou. Gracas a colaboracéo clinico-laboratorial,
avaliamos cinco isolados obtidos deste paciente ao longo de cinco anos e
constatamos que o fungo, da espécie S. brasiliensis, conseguiu se tornar mais
virulento. Isto contribuiu para o entendimento, ainda que parcial, do desfecho
desfavoravel deste paciente com dificil manejo terapéutico.

A juncdo destes novos dados contribuiu para o conhecimento de que a
espécie envolvida nesta epidemia tem comportamento singular e € diretamente

responsavel por novos aspectos clinicos observados.
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Ministério da Salde

FIOCRUZ
Fundacao Oswaldo Cruz

To the
PLoS Neglected Tropical Diseases Editorial Board

Rio de Janeiro, February 4™, 2014

Dear Sir,

It is our pleasure to submit our manuscript entitled “Sporotrichosis in Rio de
Janeiro, Brazil: Association of Sporothrix brasiliensis with unusual clinical
presentations” to the presubmission inquiry of the PLoS Neglected Tropical
Diseases editorial board.

The genus Sporothrix comprises human thermal dimorphic fungi causing
sporotrichosis, a worldwide distributed mycosis with areas of high endemicity in
tropical and subtropical countries. This disease is considered the most prevalent
systemic fungal infection in Brazil, especially in Rio de Janeiro, where the zoonotic
transmission of this infection is out of control.

We have found that that sporotrichosis in Rio de Janeiro is a protracted
epidemic yet to be curbed. More than 4,100 cases have been diagnosed in only one
health institution of this state since 1998. Most patients are children and housewives
living in contact with domestic or stray cats. They usually live under poverty
conditions and we observed that the cases are concentrated in suburban regions of
the metropolitan area lacking some basic health or sanitary conditions. For instance,
most patients report that they need to have cats into their houses as a control for

rodent population. Notification of sporotrichosis cases is not mandatory in many
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countries. These factors appoint this infection as an important neglected disease in
our countries.

Since the discovery of the cryptic species in the genus Sporothrix causing
sporotrichosis, several basic studies have been performed with these species,
especially Sporothrix brasiliensis, which is highly associated to the zoonotic endemic
area of sporotrichosis that we previously described. Given the nomenclatural
changes and advances in molecular taxonomy of Sporothrix, it is important to
understand the clinical implications of these advances.

Our manuscript describes interesting aspects of sporotrichosis, regarding the
newly described species in the S. schenckii complex, linking the species S.
brasiliensis to several unusual manifestations of sporotrichosis and describing some
treatment aspects of sporotrichosis caused by different Sporothrix species. The
obtained data comprise the first comprehensive analysis of S. brasiliensis causing
sporotrichosis and allow some analyses of pathological processes in sporotrichosis.

This article is part of our work on the endemic zoonotic of sporotrichosis. Our
published experience has helped other Brazilian states and other countries as well,
to control small outbreaks of cat-transmitted sporotrichosis, therefore keeping under
control the sporotrichosis cases in these places. We believe that this manuscript
represents a great contribution to those involved in this area, especially clinicians,
with benefits to the patients with sporotrichosis.

We hope to hear from you soon.

Sincerely,

Rodrigo de Almeida Paes, PhD
Laboratério de Micologia / Instituto de Pesquisa Clinica Evandro Chagas
Fundacao Oswaldo Cruz
Rio de Janeiro, RJ, Brazil
Tel: 55-21-38659642
e-mail: rodrigo.paes@ipec.fiocruz.br
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relevance to neglected tropical diseases. The Editorial Board would like to invite
you to submit your manuscript for full consideration at:
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This decision reflects the Board's interest in the study you have described. However,
please understand that the editorial decision to send a paper out for peer-review can
only be made after we have the opportunity to evaluate the full-length manuscript.
When you do submit, please include mention of this presubmission inquiry and the
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Abstract
In last years, several changes on Sporothrix schenckii taxonomy and clinical aspects of
sporotrichosis have been reported. This study aims to determine the Sporothrix species
associated with some classic and unusual clinical aspects of sporotrichosis observed at the
endemic area of sporotrichosis in Rio de Janeiro, Brazil. To verify whether S. brasiliensis is
associated with clinical manifestations of sporotrichosis, a cross-sectional study was
performed in which 50 patients with different symptoms were analysed and their Sporothrix
strains studied by phenotypic and genotypic methods. Data from these patients revealed a
distinct clinical picture and therapeutic response in infections caused by Sporothrix
brasiliensis (n=45) or S. schenckii sensu strictu (n=5). S. brasiliensis was associated with
disseminated cutaneous infection without underlying disease, hypersensitivity reactions, and
mucosal infection, whereas S. schenckii cases were related to a milder clinical presentation,
similar to the majority of previously described sporotrichosis cases. In contrast, S.
brasiliensis-infected patients seemed to respond better to antimycotic treatment with
itraconazole. These findings suggest that Sporothrix species are linked to different clinical

manifestations of sporotrichosis.
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Author summary
Sporothrix brasiliensis is a dimorphic fungus that is responsible for an endemic of cat-
transmitted sporotrichosis in Rio de Janeiro, Brazil. Sporotrichosis in Rio de Janeiro is a
protracted epidemic yet to be curbed. More than 4,100 human cases have been diagnosed in
only one health institution since 1998. Most patients are children and housewives living in
contact with domestic or stray cats. They usually live under poverty conditions and we
observed that the cases are concentrated in suburban regions of the metropolitan area lacking
some basic health or sanitary conditions. For instance, most patients report that they need to
have cats into their houses as a control for rodent population. It is important to study the
clinical aspects of the infection caused by this particular agent for better patient management,
with improved therapeutic and profilatic approaches. We have found that this species is
responsible for some unusual clinical manifestations of sporotrichosis, such as disseminated
infection in immunocompetent patients and hypersensitivity reactions. Also, treatment with
itraconazole appears to be extremely effective in most cases of infection by this agent. Our
study will contribute for the management of the infection caused by S. brasiliensis, bringing

benefits to the patients with sporotrichosis.
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Introduction

Sporotrichosis is a subcutaneous mycosis with a worldwide distribution that is currently
notable for areas of especially high endemicity in Latin America [1-3]. Some authors classify
sporotrichosis as an implantation mycosis, because this infection may also involve other sites
like lymphatic vessels, muscles, fascia, cartilage, and bones, beyond the skin and the
subcutaneous tissues [3]. This infection is caused by the dimorphic fungi previously described
as the single species Sporothrix schenckii [1]. However, Marimon and coworkers [4], based
on phenotypic and genotypic analyses, have suggested that several Sporothrix species cause
sporotrichosis. They described four new species in the Sporothrix complex: (i) S. globosa, a
globally distributed fungus [5-7]; (ii) S. brasiliensis, the species related to the zoonotic
epidemic of sporotrichosis in Rio de Janeiro, Brazil [8]; (iii) S. mexicana, initially limited to
Mexico [4], but with recent cases reported in other regions [9,10]; and (iv) S. luriei, formerly
S. schenckii var. luriei [11].

Classical infection is associated with traumatic subcutaneous inoculation of soil, plants, or
organic matter contaminated with fungus, with rare cases of transmission occurring from
infected animals [1]. However in Rio de Janeiro state, Brazil, sporotrichosis is currently
largely occurring via transmission from infected cats to humans [12]. Recently, our group
performed a georeferencing survey of sporotrichosis cases that revealed a transmission belt
along the border between Rio de Janeiro city and adjacent counties in the Greater
Metropolitan Area [13]. Genotypic analyses show that isolates from the Rio de Janeiro
epidemic have a high genetic similarity, which is suggestive of a common niche [14,15].
Although some studies have described several clinical aspects of this epidemic [12,16,17],
taxonomic analyses have not been correlated with disease presentations. Therefore, the main
purpose of this study was to investigate a possible association between manifestations of

sporotrichosis and the different genomic species of S. schenckii sensu lato.
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Materials and Methods

Patients: A cross-sectional study was performed in 50 patients with different clinical forms of
sporotrichosis. They were selected from a database of 246 patients [8] who had Sporothrix
strains obtained and stored from clinical specimens, and which were part of a cohort of 1,563
patients with sporotrichosis treated from 1999 to 2008 at Instituto de Pesquisa Clinica
Evandro Chagas (IPEC). Patients were submitted to a protocol that included clinical
evaluation, mycological examination of clinical specimens and blood tests (blood count,
biochemistry and liver function). First-choice treatment included oral itraconazole 100
mg/day. If the lesions worsened or remained unchanged after eight weeks, higher doses were
prescribed. Duration of treatment was determined by clinical cure (lesion healing defined as
epithelization and absence of crusts, infiltrates, or erythema). Patients with the disseminated
form to internal organs received amphotericin B at a total dose of 1 — 2.5 g. Clinical cure of
extracutaneous sites was defined as the disappearance of preexisting lesions in cases of
conjunctival, nasal, or oral mucosa involvement. Other criteria of cure were the disappearance
or stabilization of lytic lesions upon bone radiography and tomography and sterilization of
cerebrospinal fluid accompanied by improvement of cellularity and biochemistry patterns in
the case of meningitis. HIV patients with CD4 counts < 200 cells/uL received additional
suppressive therapy. Follow-up was 4-12 weeks after clinical cure. The data were collected by
review of medical charts and were recorded on a standardized case report form. These data
included information concerning residence, demographics, duration of symptoms,
occupational and other exposure risk factors, history of trauma, clinical findings, associated
diseases, laboratory diagnosis and complementary test results, treatment schedule, response to
therapy, and any other pertinent data.

Since the Rio de Janeiro sporotrichosis outbreak is massive, we had to establish some criteria
to select patients related to common and unusual manifestations of sporotrichosis. Inclusion

criteria for selection in this study were: patients who lived in Rio de Janeiro city or in other
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cities from Rio de Janeiro state in Brazil, patients with common (fixed cutaneous and
lymphocutaneous) and unusual (disseminated cutaneous, extracutaneous, and disseminated)
clinical forms of sporotrichosis [1], patients with and without hypersensitivity manifestations
(eythema nodosum or multiforme), HIV patients, patients that underwent itraconazole and
patients with spontaneous regression of lesions. Patients are representative of each group.
However, for the less common variables (e.g., patients outside the endemic area) all available
cases were included. This study was approved by the Research Ethics Committee of Fundagéo
Oswaldo Cruz (FIOCRUZ).

Strains: Fungal strains were isolated from different body sites of these patients such as skin,
eyes, nose, or cerebrospinal fluid. They were previously identified by classical
microbiological phenotypic techniques as S. schenckii sensu lato and they are maintained at
the Pathogenic Fungal Collection of the Laboratério de Micologia at IPEC. Additionally,
control strains CBS 120339 (S. brasiliensis) [4], ATCC 16345 (S. schenckii), IPEC 27135 (S.
globosa) [7], and MUM 11.02 (S. mexicana) [9] were included in identification tests.
Phenotypic Characterization: Filamentous fungal colonies grown on Sabouraud Dextrose
Agar were visually examined and slide cultures were mounted with Lactophenol Cotton Blue
(Fluka Analyted, France) for Sporothrix identification [4]. Dimorphism was demonstrated by
conversion to the yeast-like form on Brain Heart Infusion Agar slants for 7 days at 37°C.
Furthermore, colonies were sub-cultured on Potato Dextrose Agar plates and Corn Meal Agar
slants, and incubated at 30 and 37°C in the dark to study fungal growth and sporulation
respectively [4,8]. Carbohydrate assimilation tests were performed using freshly prepared
yeast nitrogen base (YNB) medium supplemented with sucrose or raffinose, using YNB
supplemented with glucose as positive control and YNB without carbohydrates as a negative
control. Experiments were performed at least three times on different days and, in case of

discordant results, repeated two additional times. All culture media were from Difco (Becton,
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Dickinson and Company / Sparks MD, USA). Results were interpreted according to the
identification key detailed by Marimon and coworkers [11].

Molecular Identification: Genomic DNA was extracted and purified from Sporothrix spp
mycelial phase by chloroform/isoamyl alcohol method as described [7]. The gene encoding
for the nuclear calmodulin was used for molecular differentiation of the species because this
locus has a high number of parsimony informative sites, allowing Sporothrix differentiation in
several genotypes [18]. For partial sequencing of the nuclear calmodulin (CAL) gene, we used
the primers CL1 (5-GA(GA)T(AT)CAAGGAGGCCTTCTC-3’), and CL2A (5’-
TTTTTGCATCATGAGTTGGAC-3’) under previously described conditions [7]. Automated
sequencing was done using the Sequencing Platform at PDTIS/FIOCRUZ, Brazil [19].
Sequences from both DNA strands were generated and edited with the Sequencher ver. 4.6
software package (Genes Codes Corporation, USA), followed by alignment with Mega
version 4.0.2 software. Our sequences were compared by BLAST (Basic Local Alignment
Search Tool) with sequences available from NCBI GenBank (Sporothrix AM 398382.1 / AM
398393.1 / AM 1174441 /| AM 116899.1 / AM 116908.1). All phylogenetic analyses were
performed as previously described [7,8].

Nucleotide sequence accession numbers: All sequences from isolates included in genotypic
analysis were deposited in the GenBank database under accession numbers GU456632,
HQ426928 to HQ426962, and KC463890 to KC463903.

Statistics: Data were processed and analysed using the SPSS 17.0 software. Frequencies and

median values were calculated for each group of this study.

Results
Patients: During the study period, 1,563 patients were diagnosed with sporotrichosis at our
institution [12]. From these patients, we were able to retrieve a viable isolated Sporothrix spp.

strain for 246 patients [8]. Fifty patients with complete clinical informations were selected
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from them and included in the analyses of this work. They comprise 16 male and 34 female
patients, with ages that ranged from 9 to 83 years (median=47). Lesions were located at upper
limbs (n=31, 62%), lower limbs (n=6, 12%), face (n=1, 2%), trunk (n=1, 2%), and more than
one segment (n=11, 22%). Fifteen patients (30%) presented the fixed cutaneous form, 24
(48%) Ilymphocutaneous form, 6 (12%) disseminated cutaneous form, and 5 (10%)
disseminated sporotrichosis. Additionally, six of these patients also presented erythema
nodosum and four presented erythema multiforme associated to sporotrichosis. Table 1
summarizes the clinical and mycological information for each patient.

Mycological identification: Of the 50 strains, 45 (90%) were classified by molecular
methods as S. brasiliensis and 5 (10%) as S. schenckii. In 21 (42%) isolates, results from
phenotypic tests analysed according to Marimon and coworkers [11] were inconclusive,
precluding species differentiation; these strains were phenotypically classified as Sporothrix
spp. Phenotypic identification of 10 (20%) isolates did not match to the genotypic results. In
eight (16%) strains phenotypically classified as S. schenckii, DNA sequencing clustered them
amid S. brasiliensis. The strain phenotypically classified as S. mexicana was genotypically
identified as S. schenckii, and one S. brasiliensis was classified as S. schenckii by CAL
sequencing.

Mycological, clinical and epidemiological data: Forty-two (93.3%) of the strains identified
taxonomically as S. brasiliensis were from the Rio de Janeiro endemic area of sporotrichosis,
that comprises beyond the Rio de Janeiro city, Duque de Caxias, Belford Roxo, Sao Jodo de
Meriti, Nova lguacu, Nildpolis, and Mesquita (Fig. 1). The other three (6.7%) S. brasiliensis
strains were isolated from patients who lived in Teresopolis, a county 91 km away from Rio
de Janeiro city. We observed a predominance of women infected with this species (n=32).
The majority (n=40, 88.9%) was isolated from patients who had clear contact with cats. On
the other hand, two S. brasiliensis-infected patients (4.4%) reported plant and glass trauma

preceding sporotrichosis.
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With respect to the five S. schenckii, four of them (80%) were isolated from patients who
lived in three different rural regions and one urban area (in Itaborai, Barra do Pirai, Casimiro
de Abreu, and Teresopolis, respectively; 45, 100, 127, and 91 km away from Rio de Janeiro
city) located in counties outside the endemic area. One strain of S. schenckii was isolated from
a patient who lived within the zoonotic endemic sporotrichosis area in Rio de Janeiro. Three
patients were male and two female.

Hypersensitivity reactions such as erythema nodosum or multiforme (10 cases), disseminated
cutaneous forms (6 cases), and all but one case of lymphocutaneous sporotrichosis were all
attributed to S. brasiliensis. Localized cutaneous forms were observed in patients infected
with either S. brasiliensis (n=12, 26.7%) or S. schenckii (n=3, 60%). Disseminated disease
occurred due to S. schenckii in one patient with AIDS, S. brasiliensis in two AIDS patients,
and S. brasiliensis in one patient without any history of immunosuppression. Finally, there
was one case of fixed cutaneous sporotrichosis caused by S. brasiliensis in a HIV infected
patient with CD4>200 cells/pL.

Treatment: Four patients infected with S. brasiliensis were lost to follow-up, 3 after 4 weeks
and the other after 12 weeks. The three AIDS patients with disseminated disease were
excluded from analysis since they received amphotericin B as part of their antifungal regimen;
however, these individuals were treated for more than 24 weeks. Spontaneous regression was
observed in one patient infected with S. schenckii (fixed form) and three with S. brasiliensis
(two fixed and one disseminated cutaneous forms). The remaining 3 cases of S. schenckii
required 24 or 36 weeks of treatment. Two of these cases required increased itraconazole
doses (200 and 400 mg/day). Most of the 35 patients infected by S. brasiliensis included in
this analysis (82.9%) resolved with less than 24 weeks of treatment, despite their clinical
form. For 8 S. brasiliensis-infected patients, up to 400 mg/day itraconazole were necessary for
clinical cure. Among the patients with hypersensitivity associated to sporotrichosis, we

observed equal medians for the time of treatment (16 weeks), when compared to the patients
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without this manifestation. All of them were treated with 100 mg/day itraconazole, and

increased doses were not necessary for clinical cure.

Discussion

Correlation between S. schenckii genotypes and clinical forms of sporotrichosis has been
demonstrated by Kong and collaborators [20]. However, the relationship between genotypic
results and treatment outcome or other unusual manifestations were not performed. To the
best of our knowledge, this is the first work to present association between genotypic
identification of Sporothrix species and several clinical aspects of sporotrichosis. Given the
nomenclatural changes and advances in molecular taxonomy of Sporothrix, it is important to
understand the clinical implications of these advances [21].

As expected, the majority of our isolates were now identified as S. brasiliensis by DNA
analyses. Our group has previously characterized S. brasiliensis in 230 (93.5%) of 246
isolates obtained from this endemic zoonotic transmission area [8]. Marimon and coworkers
studying Sporothrix strains from several parts of the world reported only S. brasiliensis
among the tested isolates from Rio de Janeiro [4]. There are a few reports of S. brasiliensis in
Brazilian states other than Rio de Janeiro [10,22,23], but in these states, the frequency of S.
brasiliensis appears to be lower than other Sporothrix species, with S. schenckii
predominating [22].

The S. brasiliensis genotype was associated to the most frequent clinical forms of
sporotrichosis (lymphocutaneous and fixed cutaneous). In the same vein, we confirm the
unusual clinical forms of sporotrichosis like disseminated cutaneous sporotrichosis, without
an underlying immunosuppressive condition, and mucosal involvement affecting nasal cavity
or conjunctiva associated to this genotype. We were also able to correlate the previously
reported cases of hypersensitivity manifestations (erythema nodosum and erythema

multiforme) associated with zoonotic sporotrichosis [24,25] to S. brasiliensis. Recently,
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Sweet syndrome was also described in patients with sporotrichosis [26], and studies are
underway to confirm by calmodulin sequencing the species involved in these three cases.
Barros and coworkers [27] studied the treatment of cutaneous sporotrichosis with itraconazole
of 645 patients from this epidemic, being 87 with erythema nodosum or erythema multiforme.
They observed that these manifestations of hypersensitivity were associated with more rapid
evolution for healing, compared with patients without these conditions. In this study the
number of patients with this condition was small, because we could not retrieve viable strains
from all these patients, and we did not find differences regarding treatment between the
groups. However, most of these patients presented fixed cutaneous sporotrichosis. Although
we could not prove in this study, we believe that hypersensitivity reactions may play a
protective role in sporotrichosis, as observed in coccidioidomycosis [28].

The small number of S. schenckii related cases of sporotrichosis in our study brings some
important information about the infection caused by this species. The majority of these cases
occurred in rural counties where inhabitants develop agricultural activities, and therefore have
contact with soil most frequently. Moreover, in two of these cases, patients denied cat contact.
It is worth mentioning that, in our previously reported case of S. globosa-related
sporotrichosis, patient also denied cat contact [7]. Nevertheless, S. schenckii genotype was
also identified in a case from the endemic zoonotic transmission area of sporotrichosis. In
addition, we previously reported that 6.0% of 246 isolates obtained from Rio de Janeiro were
characterized as S. schenckii by their phenotype [8]. Our results suggest that S. schenckii also
circulates, in minor proportions, in this endemic area. In the same way, the only case of
dissemination due to this species was associated to the immune status of the host that
presented AIDS as an underlying immunosuppressive condition.

Several factors could influence the different outcomes of sporotrichosis, such as the size of
initial inoculum, the host immune response status, depth of traumatic inoculation and fungal

virulence [29]. Virulence studies have shown that only S. brasiliensis is able to Kkill
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immunocompetent mice with a low fungal inoculum [30]. This same study concludes that
lesional mechanisms could be species-specific, which is corroborated by our results. Zoonotic
transmission of sporotrichosis by cats provides a high Sporothrix inoculum for humans, since
these animals present a high fungal burden [31]. In some cases, fungal inoculation is
repetitive, due to constant bites and scratches suffered by owners during cat treatment [32].
These factors, coupled to the probable high virulence of S. brasiliensis [30], could account for
the unusual clinical manifestations observed with this species.

Itraconazole is the drug of choice for sporotrichosis treatment [27]. It is interesting to note
that, regardless the clinical form, there was a trend for a shorter treatment of the cases of
sporotrichosis caused by S. brasiliensis, (median = 16 weeks) than the cases due to S.
schenckii (median = 24 weeks), for our study. We are aware that the number of our S.
schenckii sporotrichosis cases is scarce, but this finding might have a therapeutic implication.
It has been reported that S. brasiliensis is more susceptible to antifungal drugs, such as
itraconazole, posaconazole, and ravuconazole, than S. schenckii [33]. Moreover, previous
results of our group, which included eight S. brasiliensis from this study, showed a higher
susceptibility of strains from the zoonotic endemic area [14]. Clinical, randomized studies
should be performed to confirm these findings.

Since different Sporothrix species could be related to distinct clinical manifestations and
outcomes, phenotypic and genotypic methods are important in the diagnosis. Phenotypic
fungal identification is easier than molecular methods to apply in clinical laboratory routine
tests. However, in a previous study from our group [8] as well as in studies from other groups
[10], some discrepancies between these two methods of Sporothrix classification were
observed. Since the differences between the species of the S.schenckii complex were
observed at the molecular level [18], we considered DNA sequencing as the gold standard on
species identification in the cases of this study, which included all discordant results from our

previous work [8]. However, DNA sequencing is not a suitable methodology for routine
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clinical laboratories. We recently described a simple and reliable T3B DNA fingerprinting
methodology to identify the S. schenckii species complex at the DNA level [34], making it an
alternative identification methodology for clinical microbiology laboratories.

In conclusion, we were able to confirm in this study by molecular analysis that S. brasiliensis
Is associated to classic and unusual manifestations of sporotrichosis, whereas our S. schenckii
cases present a rather uniform clinical picture, comparable to that described on classic

literature [1].
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407

Table 1: Clinical, epidemiological, and mycological aspects of 50 sporotrichosis cases.

Genotypic characterization

. - Phenotypic -
Strain - Cat Clinical form Erythema Treatment  jyentification ~ Final Genbank n®  References
(weeks) identification
16490 Yes Lymphocutaneous 13 S. brasiliensis  S. brasiliensis AM116899 19
16919 Yes Lymphocutaneous 16 S. brasiliensis  S. brasiliensis HQ426930 24
17307 Yes Disseminated Cutaneous 20 S. schenckii S. brasiliensis  KC463892 This study
17331 Yes Disseminated Cutaneous 36 S. brasiliensis  S. brasiliensis  HQ426929 This study
17521 Yes Lymphocutaneous 36 S. brasiliensis  S.schenckii  KC463901 This study
17585 Yes Fixed 24 S. schenckii S.schenckii  KC463902 This study
17786 Yes Lymphocutaneous 36 Sporothrix spp.  S. brasiliensis  HQ426931 This study
17878 Yes Fixed EN? 12 Sporothrix spp.  S. brasiliensis HQ426932 24
24372 No Disseminated 44 (AIDS)  S. schenckii S.schenckii  KC463903 This study
25011 Yes Fixed EMP 16 S. brasiliensis  S. brasiliensis  HQ426935 24
25303 No Disseminated 260 (AIDS)  S. schenckii S. brasiliensis  KC463891 This study
25374 Yes Lymphocutaneous EN Lost S. brasiliensis  S. brasiliensis KC463894 This study
25457 Yes Lymphocutaneous Lost S. brasiliensis  S. brasiliensis KC463890 This study
25521 Yes Disseminated 20 Sporothrix spp. S. brasiliensis HQ426936 24
25758 Yes Lymphocutaneous 16 S. brasiliensis  S. brasiliensis KC463895 This study
26611 Yes Fixed EM 16 (HIV) Sporothrix spp. S. brasiliensis HQ426937 24
26938 Yes Fixed 48 Sporothrix spp.  S. brasiliensis HQ426938 25
26945 No Lymphocutaneous 14 Sporothrix spp. S. brasiliensis  HQ426939 25
26961 No Fixed 24 S. schenckii S. schenckii JN995605 25
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Figure legends

Fig. 1: Map of Rio de Janeiro state, Brazil. Names of the cities of origin of the 50 patients

included in this study are indicated. Cities in gray, which comprise the Rio de Janeiro

metropolitan area, are related to the zoonotic endemic area of sporotrichosis.
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Abstract

Background: The metropolitan region of Rio de Janeiro is hyperendemic for
cat-associated sporotrichosis. Patients have presented with fixed and lymphangitic
sporotrichosis, disseminated disease, involvement of the conjunctival mucosa and
manifestations of hypersensitivity, and patients have also had chronic forms and
relapses. The current study aimed to assess the virulence of different fungal isolates
from a patient with chronic, destructive disseminated sporotrichosis.

Methodology/Principal Findings: The patient, a 61-year-old male retired
bricklayer with diabetes and hypertension, was referred to the laboratory of
dermatology at the Instituto de Pesquisa Clinica Evandro Chagas due to a 6-year
history of cutaneous lesions. He had multiple scars on all extremities, and an
exudative small ulcerated lesion on the dorsum of the left wrist. There was ankylosis
of the left wrist and knees. Previously, he had received five months of potassium
iodide, with healing of some lesions, but others relapsed. Radiographs showed lytic
lesions and sclerosis at the knees and left wrist. Sporothrix was cultured from skin
exudates and bone samples. He was treated with terbinafine 500 mg/day for 32
months, until the skin healed and the radiographic patterns stabilized. Eleven months

later, the skin lesions reappeared on his left forearm and treatment was restarted. We
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analyzed five isolates collected from this patient over a five-year period, and all were
molecularly identified as Sporothrix brasiliensis. No differences in virulence were
detected by in vitro assays, but in vivo studies in Galleria mellonella larvae revealed
an increase in virulence of the later isolate.

Conclusions/Significance: We concluded that S. brasiliensis may increase in

virulence in vivo, promoting its survival under parasitic conditions.

Key words: Virulence; Sporothrix brasiliensis; sporotrichosis; disseminated; Galleria
mellonella; Rio de Janeiro; Brazil.

Introduction

Sporotrichosis is a subcutaneous mycosis caused by the dimorphic fungus
previously described as the single species Sporothrix schenckii, now understood as a
complex with different species of clinical interest (Marimon et al., 2007). Molecular
studies have identified Sporothrix globosa, Sporothrix mexicana, Sporothrix
brasiliensis and S. schenckii as responsible to sporotrichosis in different regions
(Marimon et al., 2007; Madrid et al., 2009; Oliveira et al., 2011; Rodrigues et al.,
2013a, 2013b; Yu et al., 2013; Liu et al., 2014).

The metropolitan region of Rio de Janeiro is hyperendemic for cat-associated
sporotrichosis. Patients have presented with fixed and lymphangitic sporotrichosis,
disseminated disease, involvement of the conjunctival mucosa and manifestations of
hypersensitivity, and patients have also had chronic forms and relapses (Freitas et
al., 2010; Barros et al., 2011). Disseminated cases without immunosuppression have
been more common than usually reported for other regions, and possible
explanations for that are the multiple and deep inoculums that a cat can promote
when transmitting the fungus to a human (Freitas et al., 2012), and a higher virulence
of the pathogen (Arrillaga-Moncrieff et al., 2009). Molecular and phenotypic studies
showed the association of Sporothrix brasiliensis with this epidemic (Marimon et al.,
2007; Oliveira et al., 2011).

The host-pathogen interaction is of importance when analyzing these unusual
cases. Candidate factors from the pathogen to make the infection more successful
are the size of inoculum, thermotolerance, production of enzymes and other

molecules, resistance to oxidative stress and to antifungals. There is some
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information about virulence of S. brasiliensis (Arrillaga-Moncrieff et al., 2009;
Almeida-Paes et al., 2009; 2012; Fernandes et al., 2013), but still scarce.
The aim of this study is to describe the virulence of different fungal isolates

from a patient with chronic, destructive disseminated sporotrichosis.

Case Report

A 61-year-old retired bricklayer with diabetes and hypertension was referred to
the laboratory of infectious dermatology at the Instituto de Pesquisa Clinica Evandro
Chagas (IPEC) due to a 6-year history of cutaneous lesions. He had multiple scars
on the limbs, an exudative small ulcerated lesion and a cystic lesion on the dorsum of
the left wrist (Figure 1A-B). There was ankylosis of the left wrist and knees.
Previously, he had received five months of potassium iodide, and referred healing of
the lesions, but others relapsed. Radiographs showed lytic lesions and sclerosis at
the knees and left wrist (Figure 1C-D). Tests for HIV and HTLV were negative. The
total lymphocyte count was 1,470/uL and the T CD4* count was 554/uL, both normal.
The number of naive T cells was considerably low (24/uL). Sporothrix spp. was
cultured from a skin lesion on the left wrist and serology for sporotrichosis was
positive (2.548 / Cut-Off: 0.605). Due to possible harmful interactions of his regular
drugs with itraconazole, he was treated with terbinafine 500 mg/day for 32 months,
until the skin healed and the radiographic patterns stabilized. Eleven months after the
suspension of the treatment, the skin lesions reappeared on his left forearm and
treatment was restarted, with healing of this lesion, but a new cutaneous ulcerated
nodule appeared on the left knee. New skin samples were collected over the years,
from the left forearm and the left knee, as well as a biopsy sample from the left knee
bone. Nowadays he is still under treatment with terbinafine 500 mg/day, no
cutaneous lesions, but with altered radiographs of the knees and left wrist (confirmed

by magnetic resonance), and a permanent need for a wheelchair.
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Figure 1. A) Multiple scars on the limbs, where previously the cutaneous lesions were. B)
Inflammatory cyst on the left wrist. The first three isolates were collected from that lesion, by
puncture with fine needle in different time points, across six months. C-D) Radiographs
showed lytic lesions and sclerosis at the left wrist and knees.

Materials and Methods

Clinical specimens

Five samples were collected from the lesions of the aforementioned patient,
over a b5-year-period. The first three samples (IPEC32742, IPEC33070 and
IPEC33718, thereafter denominated “1”, “2” and “3”, respectively) were collected by
sterile puncture with a fine needle from a cystic lesion on the left wrist between
September 2007 and March 2008; the fourth sample (IPEC33946, thereafter
denominated “4”) was from a bone biopsy of the left knee in April 2008; and the fifth
sample (IPEC43174, thereafter denominated “5”) was from an ulcerated nodule on
the skin of the left knee in February 2012.
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Sporotrichosis diagnosis

Clinical specimens were kept in a sterile flask with saline. All samples
underwent routine mycological examination, which involved direct microscopy of wet
mount preparations with 10% potassium hydroxide and seeding on Sabouraud
dextrose agar, modified and mycobiotic agar (Difco), incubation at 25°C, and
observation during four weeks for fungal growth. Suspected isolates were sub-
cultivated on potato dextrose agar medium (Difco) at 25°C for macroscopic and
microscopic morphological studies, and dimorphism was demonstrated by conversion
to the yeast-like form on brain heart infusion (BHI) agar medium (Difco) at 37°C. The

isolates were stored at the laboratory of mycological diagnosis of IPEC.

Molecular identification

Genomic DNA was extracted from the yeast phase of the five Sporothrix
isolates by the method of phenol-chloroform, and a polymerase chain reaction (PCR)
was performed with the primer T3B (5-AGGTCGCGGGTTCGAATCC-3’), as
previously described for the rapid identification of species of the Sporothrix schenckii
complex, (Oliveira et al., 2012). Amplification of the samples was confirmed by
viewing the amplicons after electrophoresis on 1% agarose gel (Agarose Ultra-Pure -
Invitrogen) in 0.5X TBE (0.1 M Tris, 0.09 M boric acid, 0.001 M EDTA, pH 8.4). Five
microliters of the PCR products were added to each well of the gel, electrophoresis
was conducted at 80V for 45 to 60 minutes, the gel was stained with ethidium
bromide 0.5 pg/mL for 30 minutes and washed with distilled water 30 minutes before
being examined under UV transilluminator - Hoefer Scientific Inc. The strains used for
controls were S. brasiliensis (CBS120339), S. mexicana (MUM11.02), S. Schenckii
(IPEC36277) and S. globosa (IPEC27135).

Growth curves

Yeasts of each of the five isolates were obtained after 3 days of growth on BHI
broth (Difco) at 37°C. A Bioscreen C Microbiological Growth Analyser (Labsystems,
Helsinki, Finland) was used for the measurement of the turbidity, adapted from the
described by Medina et al. (2011). Nonstandard, 100-well microtitre plates
specifically manufactured for this machine were loaded with 2 x 10* yeasts in 200 pL
BHI broth (Difco), in quadruplicates. The O.D. was recorded every 30 min using the
600 nm filter over a 3-day period. Experiments were conducted at 37°C, with

constant shaking. The control wells contained only the culture medium. Data were
103



recorded using the software Easy Bioscreen Experiment (EZExperiment) provided by

the manufacturer.

Macrophage assays

In vitro virulence assays with J774 macrophages were performed to determine
the ability of the macrophages to phagocytose and kill the Sporothrix yeasts, as well
as the viability of the macrophages after this interaction (Nicola; Casadevall, 2012).
Macrophages of the J774 lineage were grown in monolayer in culture plates, in a
medium containing 10% fetal bovine serum, 10% NCTC-109, 1% non-essential
amino acids and 1% penicillin/streptomycin diluted in Dulbecco’s Modified Eagle’s
medium (DMEM), at 37°C, 10% CO2, and split onto 96-well plates. Yeasts of the five
Sporothrix isolates, previously opsonized for 30 min by incubation with Guinea pig
serum complement were added to the monolayer of the macrophages, in a 5:1 ratio.

To characterize the virulence of the isolates, three different experiments were
performed:

a. Phagocytosis assays to measure and compare the ability of the
macrophages to phagocytose the yeasts. After 2 h of interaction, the medium was
removed, the cells washed twice with PBS (phosphate-buffered saline) 1X, fixed with
methanol at -20°C for 30 min, and stained with 20X-diluted Giemsa at 4°C. After an
overnight incubation, macrophages interacting with yeast cells (adherent or ingested)
and the total number of macrophages were counted, to calculate the ratio between
them.

b. Fungal killing assay (or fungicidal ability of macrophages) — for this
experiment, the same yeast-macrophage interaction was performed, however, after 2
h, the wells were washed and the medium was changed so that only yeasts attached
to, or ingested by macrophages remained. Then, after 18 h of interaction, cells were
removed from the wells, macrophages were lysed to release the yeasts from inside
by addition of sterile distilled water, the contents were diluted serially and plated on
BHI agar to determine fungal viability, by colony-forming units (CFUs). Controls
obtained from wells without macrophages were also plated to determine the number
of CFUs and consequent percentage of fungicidal activity of macrophages for each
isolate.

C. Viability of macrophages - after the same yeast-macrophage
interaction, as described above, wells were washed and stained with trypan blue, a

vital stain that does not penetrate the viable macrophages, although it stains in blue
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dead macrophages. Thus, it was possible to determine the percentage of live
macrophages after 18 h of interaction with the different yeast isolates and compare
them.

In vivo experiments

To assess the virulence in vivo, larvae of the lepidoptera Galleria mellonella
were inoculated using 25 pL Hamilton® syringes with 104, 10° or 107 yeasts of one of
the five Sporothrix isolates and the survival rate was analyzed (Thomaz et al., 2013).
As a control, another group of larvae was inoculated with the reference strain of S.
brasiliensis (CBS120339). The inoculums were diluted in 10 uL PBS. Two negative
control groups were made. One, designated “Control”, was constituted by larvae
without any inoculation and another, designated “PBS”, was made by inoculating
larvae with 10 pL sterile PBS. These experiments were performed in triplicate on
different days. Each group of larvae had 20 individuals, stored in 90 mm Petri dishes
at 37°C and was accompanied by daily count, to check survival. The groups were
photographed (Canon EOS DIGITAL REBEL) at days 0 (day of inoculation) and 2 (48
h after inoculation). Dead individuals (recognized by absence of active or touch-
induced movement and usually dark-colored) were removed from the group and
discarded, until the last remaining. Survival curves were obtained in order to compare
the effect of the isolates on the larvae.

Parallel groups, of 10 larvae each, under the same conditions were followed.
Three larvae from each group were sacrificed after three or six days of inoculation.
The internal content was macerated and homogenized in 2 mL PBS, and then filtered
through 40 um-cell strainers. An aliquot of 100 pL of this homogenate was plated
onto BHI agar with 0.4 g / L cycloheximide and 1% penicillin / streptomycin to prevent
growth of contaminants, and incubated at 37°C. After five days, the CFUs were
counted.

Production of virulence factors

Urease. To verify the urease production, 0.5 mL of a suspension equivalent to
a 2.0 McFarland scale of yeast cells of each isolate was inoculated in 4.5 mL of
Christensen urea broth (Christensen, 1946; Kane; Fischer, 1971), and incubated at
37°C. After four and seven days, the tubes were centrifuged and 100 pyL of the
supernatant transferred in triplicate to a 96-well polystyrene flat bottom-plate

(Corning, Tewksbury, USA). Strains of Cryptococcus neoformans and Candida
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parapsilosis were used as negative and positive controls, respectively. The O.D. of
the samples was obtained using a Biotek spectrophotometer, Epoch model, at
wavelengths of 432 nm and 559 nm, which correspond to the absorption peaks of

negative and positive samples, respectively.

Proteinase. For the measurement of proteinase activity, a technique used by
Chen et al. (1996) with C. neoformans was used. The following mixture was
formulated: 2% agar, 15 mM glucose, 13 mM glycine, 29.4 mM KH2PO4, 10 mM
MgSOa4, 3 mM thiamine, 0.1% azoalbumin (pH 4.5). For protein agar clearance, the
five isolates on its yeast phase were plated through puncture on this mixture and
incubated at 37°C for 21 days. After the incubation, each plate was inspected for the
production of a degradation halo of azoalbumin around the colonies. When a
proteolytic activity was observed, the diameter of the colony (p) and the diameter of
the halo of azoalbumin degradation (z) were measured with a millimeter ruler, and

the value p/z was calculated as the ratio between the two diameters.

Melanin. Melanin ghosts were obtained according to described by Almeida-
Paes et al. (2012). In summary, to separate the 1,8-dihydroxynaphthalene (DHN)-
melanin particles, each of the five isolates were incubated for 7 days in 150 mL of
BHI broth at 37°C with constant shaking (150 rpm). The yeast cells were collected by
centrifugation at 1,575 g (Centrifuge 5804R, Eppendorf) for 5 min and dried overnight
to obtain the dry weight of the yeasts. Then, they were suspended and washed three
times in PBS, pH 7.2, followed by a suspension in 1.0 M sorbitol — 0.1 M sodium
citrate, pH 5.5. The same centrifugation protocol was used in between the steps.
Protoplasts were generated by incubating cells at 30°C in 10 mg/mL of cell wall-
lysing enzymes (from Trichoderma harzianum; Sigma Chemical Co.) for 1 h at room
temperature (RT). Protoplasts were then collected by centrifugation, washed with
PBS, and incubated in 4.0 M guanidine thiocyanate for 1 h at RT with frequent
vortexing. The resulting material was washed again in PBS, collected by
centrifugation, and boiled in 6.0 M hydrochloric acid for 1 h to hydrolyze cellular
contaminants associated with melanin. The debris were collected by centrifugation
and washed exhaustively with PBS. After the final centrifugation, the pellet was dried
overnight and weighed, to obtain the dry weight of DHN-melanin. The proportion of
DHN-melanin per isolate was then calculated by simple ratio DHN-melanin/yeasts
(wiw).
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Thermotolerance

Yeasts of each of the five isolates were grown at 37°C in BHI broth and, after
three days, 2mL of the solution of yeasts were centrifuged, suspended in PBS and
serially diluted to obtain three different dilutions. Drops of 2.5 yuL were inoculated on
BHI Agar plates and incubated at 35, 37 or 39°C on a Type 37900 Culture Incubator.
After three and six days, the plates were verified to determine the presence or
absence of growth, in a qualitative manner.

Susceptibility to oxidants

Fungal cells (1 x 107 yeasts) of each isolate were harvested after five days of
growth on BHI agar slants at 37°C, washed three times with PBS, and submitted to
chemically generated oxidants, as previously described (Almeida-Paes et al., 2012).
In brief, nitric oxide and reactive nitrogen intermediates were generated in a solution
containing 0.5 mM NaNO2 and 25 mM succinic acid (pH 4.0), and oxygen-derived
oxidants were generated in a solution containing 0.5 mM ferric ammonium sulfate,
61.8 UM hydrogen peroxide, and 1.0 mM epinephrine bitartrate. All chemicals were
purchased from Sigma-Aldrich. After 1, 2, 3, and 4 h of incubation at 37°C with the
above-mentioned oxidants, the yeasts were plated onto plate count agar (PCA) (Bio-
Rad) to determine viability by CFUs counting. Aliquots of untreated cells were also
plated as controls. The final viability for each isolate at a time-point was the ratio CFU

count at that time / CFU count for the control, expressed in percentage.

Antifungal tests

The susceptibility of the five isolates to amphotericin B, ketoconazole,
itraconazole, voriconazole and terbinafine was studied using the microdilution
method for filamentous fungi described by the Clinical and Laboratory Standards
Institute, M38-A2 (CLSI, 2008). The antifungal agents were placed in distinct sterile
96-well round bottom plates, in serial dilution (0.016-8 pg/mL), first in dimethyl
sulfoxide and then in RPMI 1640 culture medium. The control for sterility was RPMI
1640 alone, and the control for growth was the inoculum alone. For the inoculums,
conidia from the five isolates were suspended in sterile saline in order to obtain a
turbidity correspondent to 0.5 of the McFarland scale. The plates were incubated at
37°C, for 72 h. The reading was visual, by verifying any turbidity and comparing it at
each concentration of the drugs in relation to the growth control. For amphotericin B,

itraconazole and voriconazole, the minimum inhibitory concentration (MIC) endpoint
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was the lowest concentration that produced complete inhibition of growth. For
ketoconazole, MIC was the lowest concentration producing a 50% reduction in
growth, and for terbinafine it was the lowest concentration producing at least 80% of

reduction in growth.

Statistics tests

Non-parametric tests (e.g., Kruskal-Wallis test to compare the growth curves
and CFUs, Kaplan-Meier estimator for the survival of G. mellonella and Log-rank
(Mantel-Cox) test for the comparison of the survival curves) were used in the
analyses to compare the five isolates and a p-value < 0.05 was considered
significant. GraphPad Prism 6 for Windows, GraphPad Software, Inc., was used for
the graph and for the statistics. Microsoft Excel 2010/2013 (Microsoft Corporation,

Redmond, Washington, USA) was used for calculations and analyses.

Results

For all the experiments, but the antifungal tests, the five isolates were kept in
their yeast phase, in order to mimic the host in vivo conditions. The growth curves of
the five isolates in BHI medium were quite similar, with no statistical difference
among them.

T3B PCR fingerprinting of the five isolates showed profiles with DNA
fragments ranging from 300 to 800 bp that allowed a clear identification by similarity
with the profile obtained by S. brasiliensis control strain (Figure 2).

To characterize their virulence, in vitro assays using J774 macrophages were
performed, in three steps: phagocytosis, fungal kiling and macrophage viability
assays. Again, no differences among the isolates were noted, and the same was
seen for the reference strain of S. brasiliensis. The phagocytosis index after 2 h of
yeasts-macrophages interaction was around 90%, but the killing capacity after 18 h
was close to null, never surpassing 10%. The macrophages were viable after this full

interaction (around 90% for all the conditions).
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Figure 2. Representative T3B PCR fingerprinting profiles of the five Sporothrix strains. (1)
Negative control. (2 and 12) Molecular marker DNA ladder, 100 bp (Invitrogen). (3) S.
brasiliensis (CBS120339). (4) S. mexicana (MUM11.02). (5) S. Schenckii (IPEC36277). (6)
S. globosa (IPEC27135). (7) IPEC32742. (8) IPEC33070. (9) IPEC33718. (10) IPEC33946.
(11) IPEC43174.

In vivo assays with larvae of Galleria mellonella were performed. For that,
each larva was inoculated with 107 yeasts. Previously, pilot experiments with 10* and
108 yeasts were run, but this amount was not enough to change the survival of the
larvae, compared to the controls (data not shown). The survival curve was obtained
after three experiments and the results were joined. All the isolates reduced the
survival of the larvae, compared to the controls, but this reduction was higher for the
larvae injected with the isolate 5, compared to any other group (median survival = 7
days; p<0.0001; Figure 3).

The isolate 4 presented the lowest number of CFUs obtained after six days of
inoculation and differed from the isolates 3 (p = 0.0078) and 5 (p = 0.0132). The
other isolates did not present differences for this variable (data not shown).

The faster darkening of individuals inoculated with yeasts compared to
controls could be observed (Figure 4). Subjectively, a lethargic behavior of infected
individuals was also noticed. Dead larvae were identified by the absence of motion,
even when touch-stimulated and/or blackening of the body. The partial darkening

(melanization) is usually associated with illness or aging.
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Figure 3. Survival curve of the larvae of Galleria mellonella. Lines represent the percentage
of live individuals over the days. Control: larvae without any inoculum; PBS: larvae inoculated
with 10uL sterile PBS; numeric codes: larvae inoculated with 107 yeasts of each isolate, or
with the reference CBS strain of S. brasiliensis in 10uL sterile PBS. The larvae were
maintained at 37°C, with daily count of the living individuals and removal of the dead ones. N
= 60 larvae per group.

Figure 4. Photographs of two groups of larvae (PBS [left] and isolate 5 [right]), right after the
inoculation (Day 0) and two days later (Day 2). The five dark brown / black larvae were dead
and were removed after the count.

To determine which possible factor was related to the difference in virulence,
seen in vivo with the larvae of G. mellonella, other experiments were performed. The

production of urease using Christensen’s urea broth at 37°C was positive for the five
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isolates, after four and seven days, with no difference in the mean absorbance at 559
nm. The proteinase activity, determined by the measurement of the azoalbumin
degradation halo on agar, ranged from 0.6 to 0.76, with a higher activity by the
isolate 1 (p/z = 0.6). This isolate differed significantly from the isolates 2 (p=0.0161)
and 4 (p=0.0005). The proportion of DHN melanin for the isolates, obtained by the
ratio of dry DHN melanin / dry mass of yeasts, showed no statistical differences. All
the isolates grew at 35 and 37°C, and none grew at 39°C. Although the isolate 2
presented the highest inhibition of growth and had a median 55% survival after 4 h of
exposure to oxygen-derived species, there were no significant differences among the
five isolates for this evaluation of survival at each time point (Figure 5A). The
exposure to reactive nitrogen intermediates promoted a higher reduction in survival of
the isolates, which ranged from a minimum median 12% for the isolate 2 to a
maximum median 37% for the isolate 5 after 4 h of exposure. Nevertheless, these

differences in the reduction of survival were not significant (Figure 5B).
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Figure 5. Percentage of viable yeasts after 4 h of exposure to different oxidative stress
media. A) Exposure to oxygen-derived species. B) Exposure to reactive nitrogen
intermediates. The five isolates (107 yeasts / mL) were challenged to the media at 37°C and
after each time point samples of 100 pL were plated onto PCA for a future CFU count. Points
represent medians (n=9).

The antifungal tests were also similar for all the isolates, and showed a lower
MIC for terbinafine (0.06 pg/mL), intermediate for itraconazole (1.0 pg/mL), and
ketoconazole and amphotericin (2.0 pg/mL), and a higher MIC for voriconazole
(=8ug/mL).
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Discussion

The clinical aggressiveness and therapeutic difficulties in a patient with
sporotrichosis for eleven years, with dissemination to skin and bones, caught our
attention. Despite having comorbidities, the patient was clinically controlled, and tests
performed in a search for a possible immunosuppression did not show abnormalities.
The reduction of naive T cells may be related to the constant stimulation of the
lymphocytes due to the chronic infection, inducing their differentiation.

The five Sporothrix isolates from this patient, collected over five years and
reflecting the active disease despite of treatment, point to thinking of reinfection,
superinfection, or even a change in virulence over time. The molecular profile of S.
brasiliensis was confirmed in all isolates, which was somewhat surprising, given that
there was no epidemiological link with cats’ transmission and the patient lived in a
municipality outside of the "belt" of sporotrichosis in Rio de Janeiro (Silva et al.,
2012). These isolates did not show differences in the pattern of bands in the
fingerprinting PCR, suggesting that they do not present significant genetic variances.

Virulence assays demonstrated a high virulence of S. brasiliensis, compared
to other species of the S. schenckii complex (Arrillaga-Moncrieff et al., 2009). In vitro
assays with macrophages did not show difference in virulence among the five
isolates of our study: the macrophages could phagocytose the yeasts but were not
able to kill them, nor died, as happened for the control strain. However, in vivo
assays using larvae of G. mellonella pointed to a consistent higher mortality among
larvae inoculated with the isolate 5, which was obtained after 5 years of follow-up at
IPEC (a total of 11 years of disease), an evidence for a greater virulence of this
isolate. This virulence experimental model has been successfully used in other fungi
and bacteria, and now in S. brasiliensis. It has advantages such as low cost, ease of
storage and handling, in addition to favorable ethical aspects (Mylonakis, 2008;
Garcia-Rodas et al., 2011; Thomaz et al., 2013).

Assays to measure the urease and DHN melanin production, and to assess
thermotolerance showed no difference among the isolates. Proteinase activity was
not uniform, but the higher activity measured for the isolate 1 was not consistent in
comparison with all the other isolates and it does not seem to have implied in an
increase in virulence of this isolate, as proved by the virulence assays. The antifungal
susceptibility was the same for all the isolates, with the drugs tested. Comparing the

MICs found here with the known susceptibility profile for S. brasiliensis (Gutierrez-
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Galhardo et al., 2008; Marimon et al., 2008), only terbinafine showed a good in vitro
efficacy against the isolates, while the azoles and amphotericin B had poor and
intermediate efficacies, respectively. We highlight the great sensitivity to terbinafine in
all isolates, the drug used for the treatment of this patient over the years.

Finally, tests to assess the susceptibility to oxidative stress revealed that the
isolates were more susceptible to reactive nitrogen intermediates than to oxygen-
derived species and that the same isolate that promoted a faster death of the larvae
(isolate 5) showed a trend to resist longer in the presence of reactive nitrogen
intermediates, although not statistically proven. The advantage of resisting adverse
conditions similar to those found within lysosomes in macrophages could explain the
higher virulence of this isolate; however, this cannot be concluded by our results.

We conclude that this patient has had the same fungus over all these years.
Despite its sensitivity to terbinafine in vitro, it may have acquired means to remain in
the host by evading his immune system in order to maintain the infection. It is
possible that other factors associated with this change in the parasite-host
relationship, not studied here, have also contributed to this increased virulence. We
consider this study, in vivo and in vitro, singular, since it demonstrates the evolution
of virulence of Sporothrix brasiliensis in a host with chronic and disseminated

sporotrichosis.
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7. DISCUSSAO

A esporotricose de transmissao zoonatica € hiperendémica no Rio de Janeiro.
A doenca ainda é negligenciada e carece de medidas robustas de saude publica
para seu controle. Geograficamente podemos observar um cinturdo da esporotricose
em &reas mais carentes, que se mesclam a uma urbanizacdo recente ainda com
vegetacdo, possibilitando a perpetuacdo da doenca (Silva et al., 2012). Desde o
inicio da epidemia, o IPEC foi pioneiro no reconhecimento do aumento do niumero de
casos e tratamento destes pacientes. Isso nos possibilitou a observacao da dinamica
da infeccao culminando em uma grande casuistica com caracteristicas peculiares ao
longo destes anos.

Barros et al. (2004) publicaram 178 casos humanos de esporotricose
diagnosticados no IPEC entre 1998-2001, em seguida Martins (2006) contabilizou
572 casos entre 2002-2004 em sua dissertacdo de mestrado. Em 2010, como
resultado de meus estudos de mestrado, publicamos 804 novos casos
diagnosticados entre 2005-2008 (Freitas et al., 2010). Nos trés periodos, formas
clinicas classicas (fixa e linfocutanea) permaneceram preponderantes, entretanto
casos com disseminagcdo cutanea e extracutanea foram mais frequentes do que o
classicamente relatado em casuisticas sem transmissdo zoondética (Barros et al.,
2004, 2011a; Freitas et al., 2010). Subgrupos de pacientes chamaram atencao,
como gestantes, criancas, portadores de reacdes de hipersensibilidade e
coinfectados por HIV. Da mesma forma uma proposta de mudanga taxondmica de
Sporothrix spp. (Marimon et al., 2007), com novas espécies de importancia clinica,
apontando S. brasiliensis como responsavel pelos casos epidémicos no Rio de
Janeiro (Oliveira et al., 2011), nos levaram a realizar os estudos aqui apresentados
com o intuito de descrever e aprofundar o conhecimento da esporotricose.

Por isso, neste trabalho foram apresentadas amostras envolvendo diferentes
periodos. Casuistica histérica, desde o inicio da epidemia até o fechamento do
trabalho em questdo, como nos dois estudos com pacientes com esporotricose
coinfectados por HIV. Periodos selecionados em funcdo de uma padronizacdo de
dados disponiveis, para responder o objetivo do estudo. Para relato de casos,
motivados pela ocorréncia singular destes, menores amostragens foram adotadas,
como nos casos de Sindrome de Sweet, dacriocistite e da descricdo do grupo de

gestantes com esporotricose. Por fim, nos casos envolvendo andlise genotipica de
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isolados clinicos de pacientes, amostras representativas por conveniéncia foram
utilizadas e motivaram um estudo laboratorial mais detalhado.

Relatamos trés casos de pacientes com esporotricose que desenvolveram
Sindrome de Sweet no curso da infeccdo fungica (Capitulo 1). Esta sindrome é uma
vasculite neutrofilica decorrente de hipersensibilidade e se associa, em geral, a
infeccbes e outras doencas subjacentes (von den Driesch, 1994; Cohen, 2007),
entretanto associagcdo com esporotricose ainda nao havia sido relatada na literatura.
Neste relato de trés casos, dois em mulheres de meia-idade e um, em idosa, ha uma
semelhanca com o perfil de pacientes afetados por esta vasculite neutrofilica.

Manifestagcbes de hipersensibilidade, como eritema nodoso e eritema
multiforme, ja haviam sido descritas pela primeira vez relacionadas a esporotricose
mais precocemente nesta epidemia (Gutierrez-Galhardo et al., 2002, 2005). Barros
et al. (2004) relataram um percentual elevado de queixas articulares associadas
(29,8%) nos pacientes com esporotricose, caracteristica reforcada em 2010 em uma
descricdo de um caso de esporotricose com artrite reativa associada (Orofino-Costa
et al., 2010). Estas manifestacées tém em comum a hipersensibilidade, de causa
multifatorial, com a presenca de citocinas inflamatérias e fisiopatogenia pouco
conhecida. Acreditamos que a forma de transmissé@o zoonotica pelo gato no intra ou
peridomicilio favoreca a exposicdo diaria ao fungo, com cargas parasitarias
elevadas, quadros de inoculacbes mudltiplas (arranhaduras, mordeduras) e
desencadeamento de hipersensibilidade no hospedeiro suscetivel. O eritema nodoso
observado em determinadas doencas como a coccidioidomicose e a sarcoidose
parece estar associado a um efeito protetor (Gutierrez-Galhardo et al., 2002). Barros
et al. (2011b) avaliaram o tratamento da esporotricose cutanea com itraconazol em
645 pacientes desta epidemia, sendo 87 com eritema nodoso ou multiforme. Eles
observaram que estas manifestacdes de hipersensibilidade estiveram associadas a
uma evolugcdo mais rapida na cicatrizacdo das lesbes, comparado aos pacientes
sem estas manifestacbes. Geralmente quadros de hipersensibilidade, como os
apresentados nestes trés casos, e nos demais descritos anteriormente,
caracterizam-se por quadro com pequenas lesbes de esporotricose localizada,
entretanto, com intensa reacao inflamatoria em outros sitios. Como exposto no
Capitulo 3 desta tese, todos os 10 pacientes que tiveram manifestacbes de
hipersensibilidade, em 50 casos avaliados, tinham infeccdo pela espécie S.
brasiliensis (artigo da tese). Os isolados obtidos nos casos de sindrome de Sweet

serdo estudados quanto ao genotipo. Acreditamos que a forma de transmisséo
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zoonobtica, a nova espécie (S. brasiliensis), assim como o0 hospedeiro suscetivel,
contribuam para estes quadros inflamatorios.

Casos de esporotricose ocular, em geral manifestos por conjuntivite
granulomatosa, sao descritos em varias casuisticas e ndo sdo uma particularidade
desta epidemia. Barros et al. (2008), analisando o perfil clinico da esporotricose em
81 criancas abaixo de 15 anos de idade, atendidas entre 1998-2004, observaram 1
caso de dacriocistite. Esta observacdo nos alertou para a ocorréncia desta
apresentacao incomum. Apoiados em uma constatacdo do surgimento de novos
casos, conjunta com o Laboratdrio de Doencas Infecciosas em Oftalmologia, fizemos
uma andlise de uma amostragem de 2.146 pacientes com esporotricose atendidos
no IPEC entre julho de 2008 e julho de 2010. Dai resultou o relato de quatro
pacientes (1,2% da amostra) com dacriocistite aguda em decorréncia de
esporotricose, mais uma manifestacao clinica até entdo inédita. Salientamos o grau
de morbidade desta forma de apresentacdo, jA que uma paciente desenvolveu
fistula como complicacéo e trés evoluiram com dacriocistite crénica, necessitando de
reparacao cirdrgica em todos os casos. Sugerimos também que as criancas sao
mais acometidas (trés em quatro casos no periodo analisado). A presenca de sinais
respiratérios é frequente em gatos com esporotricose, principalmente espirros, 0s
quais geralmente estdo associados a lesbes na regido nasal e na mucosa nasal
(Schubach et al., 2004). E possivel que a pele fina e delicada da face das criancas
favoreca o surgimento de lesGes, mesmo na auséncia de trauma, ou ainda que estas
nao percebam nem relatem pequenos traumas enquanto brincam com 0s animais
(da Rosa et al., 2005). Formas extracutaneas da esporotricose, tais como as
doencas que afetam os olhos e os anexos, podem levar a complicacdes graves e
cronicas, lembrando que a esporotricose nem sempre tem uma evolucdo benigna.
Os médicos responsaveis pela assisténcia em areas de alta endemicidade devem
estar cientes das diversas manifestacbes de esporotricose. Os isolados destes
pacientes nao foram genotipados, mas as evidéncias da analise molecular de outros
varios isolados desta epidemia (Oliveira et al., 2011), sugerem que S. brasiliensis
também esteja relacionado ao surgimento desta rara forma clinica.

Dentre alguns grupos de pacientes envolvidos nesta epidemia, as gestantes
mereceram especial atencdo, uma vez que os farmacos de elei¢cdo no tratamento da
esporotricose, itraconazol e terbinafina, sdo contraindicados na gravidez (Barros et
al., 2011a). Como mostrado no terceiro artigo do capitulo 1, a terapia com calor local

foi bem sucedida para resolucédo favoravel de 8 dos 12 casos atendidos entre 2005 e
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2010, e apenas 2 pacientes necessitaram de terapéutica complementar com
itraconazol ap6s o parto. Apesar da preocupacado que este grupo mereceu, hado
houve um pior prognostico da esporotricose, diferente do que é observado em
algumas outras infeccdes (Bercovitch et al., 2011). E provavel que o nimero de
gestantes acometidas continue a crescer juntamente do aumento do namero geral
de casos de esporotricose, dado que a epidemia permanece instalada e sem
controle. Em 2011 houve um relato de cinco gestantes com esporotricose, também
durante esta mesma epidemia zoonadtica, em outra instituicdo assistencial. Todas as
pacientes foram curadas, sendo duas com terapia com calor local, duas com
anfotericina B intravenosa em baixa dose acumulada (<500 mg) e uma apdés uso de
terbinafina, sem saber da gestacdo. Ndo houve alteracdes fetais atribuiveis a
esporotricose ou ao tratamento implementado, apesar de uma perda neonatal
(Orofino-Costa et al., 2011). A dupla contracepcdo vem sendo recomendada
diariamente no atendimento as mulheres com esporotricose em idade fértil, pois a
maioria utiliza contraceptivos orais e o itraconazol pode diminuir niveis séricos
destes. Ainda assim, existem pacientes que engravidam no decorrer do tratamento
(comunicacdo pessoal). Tais intercorréncias aumentam nossa responsabilidade e
preocupacdo com este grupo de pacientes, que adicionam sua vulnerabilidade a
uma maior morbidade.

Desde o inicio da pandemia do HIV, o carater oportunistico da esporotricose
em pacientes infectados por este virus vem sendo mencionado. Entretanto, de 1987
até 2009, somente 34 casos foram relatados na literatura. O grupo de coinfectados
pelo HIV também se destacou na nossa casuistica. No estudo com 21 pacientes
atendidos entre 1999-2009, caracterizamos que estes pacientes também foram
oriundos da regido metropolitana hiperendémica de esporotricose, porém homens
foram maioria, contrapondo-se ao predominio de mulheres como classicamente
descrito para esta epidemia (Barros et al., 2004; Freitas et al., 2010). Constatamos
gue a forma clinica de esporotricose por eles desenvolvida se relacionou com o
estado imunolégico, com predominio de formas localizadas em pacientes com
linfécitos T CD4* = 200 células/uL (9/11), mostrando um comportamento imunologico
semelhante aos pacientes sem esta coinfec¢do, enquanto as formas disseminadas
ou cutaneas disseminadas foram totalidade naqueles com linfécitos T CD4* < 200
células/pL. Esporotricose disseminada foi a manifestacéo inicial da infec¢éo pelo HIV
em sete pacientes, que desconheciam a infeccdo viral até entdo. Formas

linfocutdaneas e disseminadas ocorreram em sete pacientes cada, enquanto
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cutaneas disseminadas em cinco. A pele foi o sitio de entrada, exceto em um
paciente, e as lesbes disseminadas se caracterizaram pelo acometimento
multissistémico. As lesdes em pacientes com aids se caracterizaram como multiplas,
extensas, nodulares e ulceradas. As mucosas foram o principal sitio extracutaneo,
com seis casos, sendo a nasal a mais frequente. A perfuracdo septal foi descrita
pela primeira vez na esporotricose. Este aspecto de invasao e destruigcdo fala a favor
de maior viruléncia do agente, associado a imunossupressao. Ressaltamos o
neurotropismo de Sporothrix spp., provocando meningoencefalite subaguda, sendo
gue o SNC teve frequéncia de acometimento igual ao sistema osteoarticular (dois
casos cada), que é descrito como o principal sitio extracutaneo na esporotricose. Por
isso, o0 estudo do liquido cefalorraquidiano se impde como rotina em pacientes com
esporotricose e aids. Em investigacao diagndstica para a esporotricose disseminada
em outros espécimes clinicos de sitios aparentemente assintomaticos, como escarro
e urina (um caso cada), Sporothrix foi isolado. A biépsia de pele realizada em dez
pacientes permitiu observar a presenca de granulomas na histopatologia, apesar da
imunodeficiéncia avangada, e a visualizacdo macica de Sporothrix, aspecto pouco
frequente na esporotricose, mas observado na quase totalidade neste estudo.
Dezessete pacientes foram curados e dois foram a O6bito. Quatro pacientes
apresentaram a esporotricose como manifestacdo de sindrome de recuperacao
imune. Concluimos que a esporotricose pode assumir um papel de doenca
oportunistica em pacientes com infeccdo pelo HIV. A abordagem adequada,
incluindo a investigacdo diagndstica de doenca sisttmica em pacientes
imunossuprimidos (linfocitos T CD4* < 200 células/uL), o tratamento antifingico e o
uso da terapia antirretroviral, sdo fundamentais para a boa evolu¢cdo da
esporotricose associada a infeccdo pelo HIV.

Numa continuidade da analise voltada a este grupo de pacientes coinfectados
por HIV, objetivando um conhecimento mais aprofundado de seu perfil, foi realizado
um segundo estudo, desta vez, englobando uma amostra historica do IPEC desde
1987, ano do primeiro registro de esporotricose, a marco de 2013. Foram 48 casos
de pacientes com esporotricose e coinfeccdo por HIV (grupo 1) e 3.570 pacientes
com esporotricose (grupo 2). O primeiro paciente com esporotricose coinfectado por
HIV foi diagnosticado em 1999 e o numero de casos desta coinfeccdo também
sofreu elevacbes ao longo dos anos, com padrao semelhante ao assumido pela
totalidade dos casos de esporotricose. Nos ultimos anos, aproximadamente a partir

de 2006, um incremento maior ocorreu, o que pode ser explicado pela atual
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aceleracdo da propagacao da esporotricose, aumentando a possibilidade de atingir
grupos vulneraveis. Conjuntamente, parece haver maior suspei¢cdo dos clinicos e
testagem para a infeccdo pelo HIV, pela possibilidade de coinfeccédo. Acreditamos
que tais condi¢cdes médicas e sociais diferentes tendem a sobrepor-se e, por vezes,
reforcam-se mutuamente (como acontece com o0 abuso de substancias e algumas
formas de violéncia), afetando desproporcionalmente as populacdes marginalizadas
e carentes. Ratificando o estudo anterior, a maioria do grupo 1 foi composta de
homens (68,8%) e ndo brancos (70,8%; p<0,0001). O predominio de pacientes nao
brancos neste grupo aponta para condicbes sociais e econOmicas ainda mais
desfavoraveis do que as ja observadas nos casos de esporotricose, e parece refletir
uma historica disparidade no acesso aos servicos de saude no Brasil (Travassos et
al., 2011). Em ambos os grupos predominou a baixa escolaridade. As doencas
negligenciadas sao frequentemente encontradas em segmentos pobres e
marginalizados da populacdo, com acesso restrito a educacéo formal (Schneider et
al., 2011).

Conforme descrito anteriormente, o HIV modifica claramente a historia natural
da esporotricose e esta associado a um amplo espectro desta micose, com uma
incidéncia muito maior de casos disseminados graves, numero de hospitalizaces e
mortes. Além disso, devemos ter em mente que nem sempre a esporotricose € uma
doenca benigna, e pode levar a hospitalizacdo e a morte, mesmo em pacientes sem
imunossupressao. Infeccbes  bacterianas  secundarias e reagbes de
hipersensibilidade foram causas relevantes de hospitalizagdo entre os pacientes do
grupo 2. Neste grupo, a presenca de comorbidades foi importante. S. brasiliensis, o0
principal agente etioldgico desta epidemia em especifico, parece ser mais virulento
do que outras espécies do complexo S. schenckii (Arrillaga-Moncrieff et al., 2009) e
pode causar reacdes de hipersensibilidade pronunciadas. E notavel que 47,9% dos
pacientes tenham sido diagnosticados com as duas infeccbes simultaneamente,
devido a presenca de esporotricose oportunistica ou outra condicdo relacionada ao
HIV. Fica evidente que este subgrupo de pacientes néo teve acesso adequado ao
diagndstico precoce do HIV e entrou tardiamente no programa de tratamento, o que
parece ter aumentado a chance de adquirir outras infeccdes e o risco de morrer em
consequéncia da aids no primeiro ano de diagnostico (Grangeiro et al., 2011).
Diferente da esporotricose, que tem se comportado como uma crescente ameaga
nos ultimos anos, a terapia antirretroviral combinada tem sido associada a uma

estabilizacdo do numero de micoses oportunisticas classicas, como histoplasmose e
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criptococose (Ramos-e-Silva et al., 2012), conforme documentado pelos nossos
dados. A incidéncia de esporotricose entre os pacientes com HIV tem aumentado de
forma continua, e no final do periodo em estudo assumiu nimeros semelhantes aos
de histoplasmose e criptococose. Os danos e riscos associados a propagacdo da
esporotricose em uma populacdo marginalizada, afetada por diversas condi¢cdes
médicas e sociais, sdo motivos de preocupacdo. A associacdo de esporotricose e
HIV promove casos mais graves da micose, as vezes fatais. Devem ser tomadas
medidas de saude publica, a fim de combater os riscos, especialmente porque
ambas as infec¢des sao evitaveis.

Como ja enfatizado, peculiaridades desta epidemia tém sido atribuidas a
espécie de Sporothrix envolvida. Estudos com isolados do inicio da epidemia,
obtidos de gatos domésticos e de humanos apontavam para um perfil genético
proprio e diferente dos perfis conhecidos para S. schenckii até entdo (Gutierrez-
Galhardo et al., 2008; Reis et al., 2009). Concomitante, de posse de amostras
oriundas de casos da epidemia zoondtica e num estudo comparativo com isolados
de vérias partes do mundo, Marimon et al. (2007) chegaram a mesma conclusao e
propuseram a criacdo de um complexo Sporothrix schenckii, que contemplou
diferentes espécies, antigas ou recém criadas, classificadas conforme distincdo
molecular e fenotipica. Esta nova classificacdo se consolidou entre o0s
pesquisadores, porém a relevancia clinica e terapéutica desta distingdo ainda € uma
davida. S. brasiliensis recebeu esta denominacgéo justamente por ter sido descrita na
epidemia do Rio de Janeiro. Por analogia estatistica, o quantitativo de casos ja
contribui para a ocorréncia de formas inéditas, ou para o aumento de formas
incomuns. Outras variaveis, porém, contribuem para estes achados, como o
guantitativo de in6culo que os gatos podem transferir a uma pessoa durante um ou
varios traumas. Em busca de melhor entender a participacédo de S. brasiliensis nas
formas clinicas incomuns, bem como nas condi¢cdes clinicas associadas a
esporotricose, como reacdes de hipersensibilidade, outro estudo foi feito. Por
limitacdo na disponibilidade de isolados fangicos armazenados, uma amostra de 50
isolados foi analisada, com o cuidado de se contemplar isolados de casos que
apresentaram diferentes formas clinicas (linfocutanea = 24, fixa = 15, cutanea
disseminada = 6 e disseminada = 5), manifestacdes de hipersensibilidade (eritema
nodoso = 6 e eritema multiforme = 4), e provenientes também de area ndo endémica

(area endémica = 43 e ndo endémica = 7).
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Verificou-se que 45 dos 50 isolados foram S. brasiliensis e que, entre 0s
pacientes dos quais estes foram isolados, 40 relataram contato com gato,
confirmando que esta espécie de Sporothrix € a principal envolvida na epidemia
zoonotica do estado do Rio de Janeiro. S. brasiliensis foi a espécie causadora da
esporotricose em 42/43 pacientes provenientes da regido hiperendémica, enquanto
fora desta regido, representou 3/7 dos casos. Ela foi ainda implicada em todos os
dez casos estudados que desenvolveram eritema multiforme ou eritema nodoso,
bem como presente em todos 0s pacientes que apresentaram a forma clinica
disseminada e ndo possuiam doenca supressora subjacente. Dos cinco casos
analisados de doenca por S. schenckii, apenas um desenvolveu a forma
disseminada e este paciente estava coinfectado por HIV. Apesar da limitacdo
amostral, devida a poucos casos de outras espécies, pode-se apontar para a real
responsabilidade de S. brasiliensis na mudanca observada no padrédo de formas
clinicas e suas condicBes associadas, seguidamente vistas nesta epidemia. Por
outro lado, também concordando com relatos anteriores de suscetibilidade de S.
brasiliensis aos antifungicos (Gutierrez-Galhardo et al., 2008; Marimon et al., 2008b),
0s pacientes infectados por S. brasiliensis apresentaram boa resposta ao tratamento
com itraconazol.

Nesta pléiade de casos incomuns vistos durante os anos de epidemia, a
agressividade clinica e a dificuldade terapéutica em um paciente infectado ha 11
anos (5 anos de acompanhamento no IPEC), e com disseminacao cutanea e 0ssea,
destacou-se. Gracas a infraestrutura do IPEC e a uma eficiente colaboracdo
laboratorial e clinica, foram analisados cinco isolados deste paciente, coletados ao
longo de cinco anos e obtidos de lesGes persistentes ou recidivantes, a despeito do
tratamento com terbinafina. Pensando em poder se tratar de reinfeccao,
superinfeccdo ou mesmo de uma alteragédo na viruléncia ao longo do tempo, alguns
testes foram feitos.

No estudo utilizando a técnica de PCR fingerprinting com o primer T3B foi
confirmado que todos os isolados tinham perfil molecular condizente com S.
brasiliensis, o que, de certa forma foi uma surpresa, dado que este paciente
adoeceu sem vinculo epidemiolégico com gatos e habitava um municipio fora do
chamado “cinturdo” da esporotricose no Rio de Janeiro, composto justamente pela
area hiperendémica da capital e regido metropolitana do estado (Silva et al., 2012).
Estes isolados ndo apresentaram diferencas no padrdo de bandas geradas no

fingerprinting, sugerindo que 0s mesmos ndo apresentem variacdo genética
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significativa. Entdo, adotamos técnicas classicas para avaliar a viruléncia destes
isolados, sempre utilizando a forma de levedura (exceto nos testes com
antifangicos).

Nos ensaios in vitro com macréfagos ndo foram encontradas distingdes entre
0os isolados, entretanto nos ensaios in vivo, utilizando o modelo de infeccéo
experimental de larvas do lepidéptero Galleria mellonella, foi observada uma
consistente maior mortalidade nas larvas inoculadas com o isolado obtido com mais
tempo de doenca. Este ultimo resultado denota uma maior viruléncia deste isolado,
mas restava entender os possiveis fatores associados a esta alteracdo na relacéo
parasita-hospedeiro. Tal modelo experimental vem sendo utilizado com sucesso na
determinacao da viruléncia de fungos e bactérias e apresenta vantagens como baixo
custo, facilidade de armazenamento e manuseio, além de aspectos éticos favoraveis
(Mylonakis, 2008; Garcia-Rodas et al., 2011; Thomaz et al., 2013), sendo que ainda
nao encontramos relatos na literatura indexada de sua utilizagdo com Sporothrix spp.

Ensaios para medida da producdo de urease, melanina e para avaliar
termotolerancia ndo mostraram diferenca entre os isolados. A atividade proteasica
nao foi uniforme entre os isolados, entretanto o isolado que apresentou a maior
atividade ndo o fez com consisténcia frente a todos os outros isolados, bem como
nao apresentou alteracdo em sua viruléncia in vivo, comparado aos demais isolados.

A suscetibilidade aos agentes antifiUngicos testados foi semelhante para os
cinco isolados. Ao se comparar as concentracdes inibitdrias minimas (CIM)
encontradas ao perfil de suscetibilidade conhecido de S. brasiliensis (Gutierrez-
Galhardo et al., 2008; Marimon et al., 2008b), apenas a terbinafina apresentou boa
eficacia in vitro contra estes isolados do estudo, enquanto os azéis e a anfotericina B
apresentaram eficacia baixa e intermediaria, respectivamente, com destaque para a
grande sensibilidade a terbinafina, farmaco utilizado no tratamento deste paciente ao
longo destes anos. Finalmente, ensaios para verificacdo da suscetibilidade ao
estresse oxidativo revelaram que os isolados foram mais sensiveis aos
intermediarios reativos de nitrogénio, quando comparados as espécies reativas
derivadas de oxigénio. Ainda, o0 mesmo isolado que levou as larvas a morte mais
rapidamente mostrou uma tendéncia em sobreviver mais tempo quando exposto aos
intermediarios reativos de nitrogénio, apesar da falta de significancia estatistica. A
vantagem de resistir a condigbes adversas, como as encontradas dentro dos
lisossomos nos macréfagos poderia explicar a maior viruléncia deste isolado, ainda

gue esta ndo seja uma conclusdo possivel e provada com os resultados obtidos.
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Concluimos que este paciente esta infectado por um mesmo fungo ao longo
de todos estes anos e que, apesar de sensivel a terbinafina in vitro, este exemplar
de S. brasiliensis adquiriu meios para manter-se no hospedeiro, evadindo de seu
sistema imune e mantendo a infec¢do. E possivel que outros fatores, ndo estudados
aqui, também contribuam para esta maior viruléncia. Consideramos este estudo, in
Vivo e in vitro, impar, na medida em que demonstra a evolucdo da viruléncia de S.
brasiliensis num hospedeiro com esporotricose disseminada e crénica.

Eestes resultados, somado ao que ja se sabe sobre a esporotricose e
principalmente sobre a epidemia que ainda atinge a regido metropolitana do Rio de
Janeiro, algumas conclusGes sao perceptiveis: a epidemia permanece fora de
controle e muitas das peculiaridades observadas nas formas de apresentacédo clinica
podem ser atribuidas a ocorréncia da espécie S. brasiliensis na regido; a constante e
crescente propagacdo dos casos insere a doenca em segmentos da populacdo que
podem agravar ainda mais o atual panorama, com potencial maior gravidade de
doenca ou dificuldade de tratamento, como gestantes, pacientes com HIV e
imunossupressao, e criangas, como as que desenvolveram dacriocistite com
sequelas. Ha uma inquestionavel contribuicdo no ambito da saude publica, uma vez
que se sabe que a epidemia se sustenta, num cenario em que temos 71% dos gatos
envolvidos na cadeia de transmissdo com destino inadequado (Freitas et al., 2010),
perpetuando o ciclo da esporotricose zoonoética no Rio de Janeiro, além do impacto
do alto custo das internacdes e do tratamento mais prolongado dos pacientes.

Em 2013, durante o 1° Encontro Internacional de Sporothrix e Esporotricose,
foi divulgado que em S&o Paulo (Netto, 2013), estado de Séao Paulo, Rio Grande
(Sanchotene et al., 2013) e Pelotas (Madrid et al., 2013) no estado do Rio Grande do
Sul, os centros de controle de zoonoses estdo em acao para rastrear e controlar o
crescente numero de casos da doenca associado a transmissdo zoonotica
envolvendo gatos domésticos. Essas medidas foram possiveis, pois 0s profissionais
se fiaram no que ja vinha ocorrendo no Rio de Janeiro e agiram mais precocemente,
quando da percepcdo do aumento no numero de casos humanos e animais a
semelhanca do ocorrido no fim dos anos 90 em nosso estado. E fundamental a
permanéncia dos estudos visando manter um entendimento da ecoepidemiologia e
das caracteristicas clinicas da doencga, entretanto, o mais importante é que as
autoridades administrativas, politicas e de saude, de posse do conhecimento do
atual panorama da epidemia se reunam, planejem e executem medidas para findar

este triste e preocupante disturbio de saude publica no Rio de Janeiro.
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8. CONCLUSOES

1. Sindrome de Sweet deve ser incorporada como manifestacdo de
hipersensibilidade da esporotricose, como as outras ja descritas (eritema multiforme,

eritema nodoso e artrite reativa).

2. Dacriocistite aguda € uma manifestacdo da esporotricose que evolui
com complicacdes (fistula e dacriocistite crbnica), necessitando de reparacdo

cirdrgica e ocorre principalmente em criancas.

3. Termoterapia local é efetiva em gestantes com formas localizadas de
esporotricose.
4. A infeccéo pelo HIV modifica a histéria natural da esporotricose e esta

associada a um amplo espectro clinico desta micose, com uma incidéncia muito

maior de casos disseminados graves, numero de hospitalizacées e mortes.

5. Sporothrix spp. apresenta neurotropismo, provocando quadros de

meningoencefalite.

6. Pela primeira vez foi descrita a perfuracdo de septo nasal pela

esporotricose.

7. A boa evolucdo da esporotricose associada a infeccdo pelo HIV esta
relacionada a uma abordagem adequada que inclui investigacdo diagnostica de
doenca sistémica em pacientes imunossuprimidos (linfocitos T CD4* < 200

células/uL), tratamento antifingico e terapia antirretroviral.

8. Em grande parte dos pacientes com esporotricose coinfectados com
HIV, as infeccbes foram diagnosticadas simultaneamente (48%), refletindo a

esporotricose oportunistica em estagio avangado da infecgéo pelo HIV.

9. A nova espécie do complexo S. schenckii, S. brasiliensis, esta
associada as manifestacbes de hipersensibilidade e aos quadros disseminados

observados.

10.  S. brasiliensis pode apresentar aumento da viruléncia in vivo, gerando

casos cronicos de esporotricose, com complicagdes e sequelas.
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9. PERSPECTIVAS

9.1. DIAGNOSTICO E CONTROLE DA ESPOROTRICOSE

1. A esporotricose no estado do Rio de Janeiro é uma hiperendemia
negligenciada, com casos graves e causa de Obito. Fazem-se prementes medidas
de controle.

2. Inclusdo da esporotricose disseminada como doenca definidora de aids
no Brasil, onde esta micose é emergente neste grupo.

3. Incorporacdo dos métodos de diferenciacdo de espécies do complexo
Sporothrix schenckii, dado que parece haver relacdo destas com perfis clinicos
diferentes.

4, Modelos de viruléncia devem ser empregados para um maior

conhecimento da interagao parasita-hospedeiro na esporotricose.

9.2. ATUACAO PROFISSIONAL FRENTE A ESPOROTRICOSE

1. Continuar o acompanhamento clinico dos pacientes com esporotricose
e observar as peculiaridades desta epidemia.

2. Seguir nos estudos laboratoriais, visando entender o papel do fungo
nas diferentes apresentacdes clinicas.

3. Participar da divulgacdo sobre a epidemia de esporotricose no meio
cientifico e para a populacéo geral, com o objetivo de compartilhar as descobertas e
constatagcOes, bem como de educar e ajudar no controle da doenca.

4. Interagir com outros estudiosos da esporotricose, mantendo-me
atualizado na leitura de novos dados e participando de debates e congressos
cientificos.

5. Sensibilizar as autoridades competentes sobre 0s riscos crescentes a
saude publica que a esporotricose representa, particularmente no estado do Rio de
Janeiro, com o intuito de modificar a historia desta epidemia.
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