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CARACTERIZACAO CLINICA, CITO-HISTOMORFOLOGICA E MOLECULAR
DA ESPOROTRICOSE FELINA NA ILHA DE SAO LUIS-MA

RESUMO - A esporotricose ¢ uma micose cutanea zoonotica causada por fungos saprofitos
do género Sporothrix spp., que acomete gatos, tatus, cavalos, cdes ¢ humanos. O felino no
meio urbano ¢ o principal responsavel pela transmissdo da doenga para o homem, por meio
de mordidas e arranhdes. As formas clinicas apresentadas pela doenca sao: a forma cutanea
fixa, cutanea disseminada, extracutanea e linfocutanea. O objetivo do presente estudo foi
realizar a caracterizagao clinica, fenotipica e molecular da esporotricose em gatos residentes
na Ilha de Sao Luis, Estado do Maranhdo. No periodo de outubro de 2022 a julho de 2023,
foram realizadas avaliagdes clinicas e exames citologicos em gatos com suspeita de
esporotricose atendidos no Hospital Veterindrio Francisco Edilberto Uchoa Lopes da
Universidade Estadual do Maranhdo. Foram selecionados felinos que apresentavam lesdes
sugestivas para esporotricose, sem critérios de raga, sexo, idade e estado reprodutivo. O
exsudato das lesdes foi coletado para cultivo fungico e exame citologico. As amostras
positivas foram isoladsd e encaminhadas para identifica¢do fenotipica e molecular do género
do fungo. No total, foram selecionados 46 animais: 33 machos e 13 fémeas. A forma clinica
cutanea disseminada foi observada em 70% dos gatos avaliados. As regides do corpo que
mais apresentaram lesdes foram a face, orelhas, dorso da regido toracica e membros dos
animais. No cultivo fungico foram observadas colonias de coloragdo branca, que
progressivamente tornaram-se enegrecidas e com textura coriacea compativel com a espécie
Sporothrix spp. A andlise micromorfologica evidenciou hifas hialinas com conidios
redondos e conididforos semelhantes a margaridas. As amostras positivas na avaliagdo
micromorfologica foram encaminhadas molecular. A PCR foi realizada com primers
especificos para espécie de S. brasiliensis. Todas as 46 amostras amplificaram com sucesso
o gene CAL. Foram selecionada 5 amostras para a andlise filogenética. Na andlise no
BLASTn observou-se isolados com percentuais de identidade genética variando entre 90 a
100% com sequéncias de S. brasiliensis (gene cal), previamente depositadas no genbank de
isolados de diferentes hospedeiros e locais, como felinos, cdes e seres humanos. S.
brasiliensis € responsavel por causar doengas em felinos residentes na Ilha de Sao Luis —
MA.

Palavras-chave: micose, Sporothrix spp., zoonose.



CHARACTERIZATION CLINICAL, CYTOHISTOMORPHOLOGIC AND
MOLECULAR OF FELINE FELINE SPOROTRICHOSIS ON THE ISLAND OF
SAO LUIS-MA

RESUMO - Sporotrichosis is a zoonotic cutaneous mycosis caused by saprophytic fungi of
the genus Sporothrix spp. which affects cats, armadillos, horses, dogs and humans. In urban
areas, cats are the main transmitters of the disease to humans, through bites and scratches.
The clinical forms of the disease are: fixed cutaneous, disseminated cutaneous,
extracutaneous and lymphocutaneous. The aim of this study was to carry out the clinical,
phenotypic and molecular characterization of sporotrichosis in cats living on the island of
Sdo Luis, in the state of Maranhdo. From October 2022 to July 2023, clinical assessments
and cytological examinations were carried out on cats suspected of having sporotrichosis
seen at the Francisco Edilberto Uchda Lopes Veterinary Hospital of the State University of
Maranhao. Felines with lesions suggestive of sporotrichosis were selected, without criteria
of breed, sex, age or reproductive status. Exudate from the lesions was collected for fungal
culture and cytological examination. The positive samples were isolated and sent for
phenotypic and molecular identification of the fungal genus. A total of 46 animals were
selected: 33 males and 13 females. The disseminated cutaneous clinical form was observed
in 70% of the cats evaluated. The regions of the body with the most lesions were the face,
ears, back of the thoracic region and limbs. In the fungal culture, white colonies were
observed, which progressively became blackish and had a leathery texture compatible with
the species Sporothrix spp. The micromorphological analysis showed hyaline hyphae with
round conidia and daisy-like conidiophores. The samples that tested positive in the
micromorphological evaluation were sent for molecular analysis. PCR was carried out using
primers specific to the S. brasiliensis species. All 46 samples successfully amplified the CAL
gene. Five samples were selected for phylogenetic analysis. The BLASTn analysis found
isolates with percentages of genetic identity ranging from 90 to 100% with sequences of S.
brasiliensis (cal gene), previously deposited in the genbank of isolates from different hosts
and locations, such as felines, dogs and humans. S. brasiliensis is responsible for causing
disease in felines living on the island of Sao Luis - MA.

Key-words: mycoses, Sporothrix spp, zoonosis
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CAPITULO 1 - Consideracoes gerais e referencial tedrico
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1 INTRODUCAO

A esporotricose ¢ uma micose subcutanea causada por fungos saprofitos ambientais
e dimérficos que compdem o género Sporothrix (Rippon 1988; Gondim e Leite, 2020),
acomete diversas espécies animais, tais como cavalos, camelos, bovinos, suinos, primatas,
cao e o gato doméstico (Larsson, 2011; Caus, 2013).

A transmissao da esporotricose pode ocorrer com a inoculacao direta do fungo na
pele, por meio de arranhadura e/ou mordedura de animais infectados, ou pelo contato com o
agente no solo, durante a realizacao de atividades de jardinagem que podem causar pequenas
lesdes cutaneas facilitando a implantacao do fungo (Schubach et al., 2015; Lopes-Bezerra et
al., 2018).

Nos ambientes urbanos, os gatos sao os principais responsaveis pela transmissao
zoondtica, uma vez que tém maior facilidade de entrar em contato com o patégeno devido
aos habitos de afiar as unhas em plantas ou escavar o solo, € por ser uma espécie muito
presente no ambiente familiar (Brum ef al., 2017; Rodrigues et al., 2020). Os felinos sdao
também a principal vitima da doenca, pois evoluem geralmente para o quadro mais severo
da doenca devido a alta adaptagdo do fungo a espécie (Rodrigues et al., 2013) e a desisténcia
de tratamento dos animais doentes por parte dos tutores (Chaves et al., 2013; Nakasu et al.,
2021).

A esporotricose pode se manifestar nas seguintes formas clinicas: cutanea localizada
ou disseminada, linfocutanea, extracutanea e sistémica (Orofino-Costa ef al., 2017; Rabello
et al., 2022). Os felinos, por sua vez, apresentam desde lesdo unica na pele até multiplas
lesdes arredondadas, ulceradas com presenga de crostas, que podem se localizar na regiao
cranial, extremidade dos membros e cauda (Gremiao et al., 2014; Santos et al., 2024).

Inicialmente, Sporothrix schenckii foi considerado o inico agente responsavel pela
esporotricose, no entanto, a partir de estudos clinicos realizados em humanos e animais,
verificou-se a existéncia de um complexo Sporothrix schenckii (Rossato, 2017). Atualmente,
quatro espécies sao classificadas como patogénicas: S. brasiliensis, S. schenckii, S. globosa
e S. luriei (De Beer; Duong; Wingfield, 2016). No Brasil, a espécie S. brasiliensis ¢ a
responsavel pelos surtos epidémicos (De Oliveira Bento et al., 2021) e, de acordo com
pesquisas, a alta viruléncia e a sua capacidade de evasdo da resposta imunoldgica sdo os
fatores associados a maior frequéncia desse fungo no pais (Rossato, 2017; Queiroz-Telles,

2019).
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O diagnostico da esporotricose em felinos ¢ feito por meio do histérico, sinais
clinicos e exames complementares, sendo a citologia o mais utilizado na rotina clinica, e a
cultura fiingica a mais utilizada ara identifica¢do do género (Jessica et al., 2015; De Macédo-
Sales et al., 2018). As técnicas moleculares para diagndstico e identificacdo das espécies
fingicas demonstram resultados mais eficientes e rapidos, uma vez que ndo dependem de
elevada carga fungica e podem ser aplicadas com os mais diversos materiais como pele,
cultura fingica e at¢ mesmo secre¢do das lesoes dos animais infectados (Zhang et al., 2019a;
Gonsales et al., 2020; Luiz, 2021).

A prevencdo da esporotricose ¢ a principal forma de combate da doenga. A orientagdo
dos tutores por médicos veterindrios quanto a posse responsavel, castracdo, isolamento e
tratamento dos animais doentes, ¢ cremagdo dos animais que vem a Obito durante o
tratamento (Rossow et al.,2020), reduzem a disseminagdo da doenca para outros animais,
pessoas e desenvolvimento do fungo no ambiente. O combate da esporotricose ¢ possivel a
partir de esfor¢cos multidisciplinares que integrem profissionais da area da saide humana,
animal e ambiental, refor¢ando a necessidade cada vez mais frequente da implementacao da
Satide Unica para o combate desta zoonose (Rilegg; Hisler; Zinsstag, 2018; Carneiro e
Pettan-Brewer, 2021).

Desta forma, considerando que a esporotricose ¢ uma micose subcutidnea de
importancia para a satide animal e humana, e sua expansao consideravel para regido nordeste
e consequenmente relatos de sua ocorréncia em felinos da nossa regido, o presente trabalho
se justifica devido a auséncia de registros em nossa regido, buscamos identificar as

caracteristicas epidemioldgicas, moleculares e filogenéticas do Sporothrix spp em felinos na

Ilha de Sao Luis.
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2 REFERENCIAL TEORICO

2.1 Historico da esporotricose

O primeiro caso de esporotricose foi descrito em 1898 pelo médico Benjamin
Robinson Schenck, que isolou o fungo de nddulos ulcerados nos dedos e antebrago de um
paciente de 36 anos, atendido no Johns Hopkins Hospital em Baltimore-EUA. A
identificacdo do agente foi realizada pelo micologista Erwin Frink Smith que classificou o

fungo como pertencente ao género Sporotrichum (Schenck, 1898; T¢llez et al., 2014).

Hektoen e Perkins relataram o segundo caso de esporotricose, que ocorreu em
Chicago em 1990, em uma crianca que se machucou com um martelo. A lesdo regrediu
naturalmente, sendo proposto por esses pesquisadores a criagdo da nomenclatura Sporothrix

schenckii para a nova espécie (Hektoen e Perkins, 1900).

Em 1962, o pesquisador Carmichael sugeriu a mudanga de nomenclatura da espécie,
pois percebeu que nas publicagdes a terminologia Sporotrichum era a mais utilizada, e
respaldou a sua sugestao ao identificar diferengas morfologicas entre a espécie de Sporothrix
schennckii descritas em comparagao com o fungo Sporotrichum aureum (Carmichael, 1962).

No Brasil, o primeiro relato de infec¢do natural por S. schenckii ocorreu em 1907, foi
observado por Adolfo Lutz e Alfonso Splendore, em ratos-de-esgoto (Mus decumanus) na
cidade de Sao Paulo, que na época passava por um surto de peste (Lutz e Splendore, 1907).

O primeiro relato da doenga em felinos foi realizado por Singer e Muncie, em 1952,
nos EUA. O Brasil teve o primeiro caso confirmado por Freitas, Migliano e Zani-Neto
(1956) que relataram a doenga em um gato macho adulto procedente da cidade de
Cambuquira no Estado de Minas Gerais, que apresentava pequenos nodulos nos membros
toracicos que evoluiram progressivamente para o quadro disseminado da doenga, com
multiplas lesdes ulceradas nos membros e cabeca. Os casos de esporotricose em gatos até
1980 eram raros e a transmissdo para humanos, ocorriam geralmente em veterindrios,
técnicos e proprietarios de animais doentes (Barros et al., 2008). A maioria dos casos em
seres humanos no Brasil estd relacionado a transmissdo zoondtica, que tem o gato com

principal responsavel e vinculado a espécie S. brasiliensis (Gremido et al., 2021).

2.2 Epidemiologia
A esporotricose ¢ uma doenca endémica na Africa, India, J apao, Estados Unidos da

América e em diversos paises latino-americanos como Peru, Brasil, Argentina, México,
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Colombia, Uruguai, Costa Rica e Guatemala (Oyarce, ef al., 2016; Dos Santos et al., 2024;
Santiso et al., 2023; Hernandez-Castro et al., 2022;).

No Brasil, a maioria dos isolados identificados sdo oriundos de felinos e caes,
respectivamente 158 e 52 isolados. Na identificacdo molecular, a espécie S. brasiliensis (199
isolados) foi a mais prevalente, seguida pelo S. schenckii (6 isolados). Na Argentina o
isolamento do fungo ainda ¢ escasso e sua ocorréncia esta restrita a felinos, onde foram
identificados 4 isolados de S. brasiliensis. No entanto, em outros animais, como equinos €
ratos foram identificados 2 isolados de S. schenckii (Morgado et al., 2022).

No Brasil, os surtos de origem zoonoética sdo muito frequentes nas regides Sudeste e
Sul do pais (Madrid et al., 2012; Sanchotene, et al., 2015; Poester, et al., 2018). Na regiao
Nordeste, existem poucos estudos sobre a esporotricose, porém ¢ possivel encontrar relatos
da doenga nos estados do Rio Grande do Norte, Paraiba, Alagoas ¢ Pernambuco (Bento et
al.,2021; Franga et al., 2022).

No Rio de Janeiro, a esporotricose ¢ considerada uma doenca negligenciada e
hiperendémica e, desde julho de 2013, a notificacdo da doenga em animais passou a ser
obrigatdria nesse estado. O Instituto Nacional de Infectologia Evandro Chagas (INI) no
periodo de 1997 a 2011 notificou 4.188 casos de esporotricose em humanos; de 1998 a 2014,
244 casos em caes e de 1998 a 2015, 4.703 gatos foram diagnosticados com esporotricose
(Gremiao et al., 2017).

O Rio Grande do Sul ¢ o segundo estado com maior incidéncia da doenga e os
municipios Rio Grande e Pelotas sdo os que apresentam o maior nimero de casos da
esporotricose felina (Poester, et al., 2018; Zamboni et al., 2022).

No Estado de Sdo Paulo, Maia et al. (2023) avaliando dados da Divisdo de Vigilancia
de Zoonoses do municipio de Sao Paulo no periodo de 2011 a 2022 identificaram o registro
de 5.677 casos confirmados de esporotricose em felinos e nestes animais 811 Obitos
caracterizados por indicacdo de eutandsia, Obito pela doenca ou outras razdes como
atropelamento.

No estado de Pernambuco, na Regiao Metropolitana do Recife no periodo de margo
de 2014 a fevereiro de 2016 foi observado que do total de 115 amostras de swabs coletados
de lesdes de felinos com a suspeita de esporotricose, em 59 (51,3%) foram identificadas as
formas leveduriforme do Sporothrix spp. (Silva et al., 2018), um percentual alto para a
populagdo avaliada.

No estado do Maranhdo, Marques et al (2013) relataram um caso de esporotricose

felina, em gato macho, que apresentava lesdes cutaneas e sintomas respiratorios como
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espirros e secrecdo nasal. Foi realizada cultura fingica do exsudado das lesdes e foi
identificado género Sporothrix spp como a responsavel pela infeccdo. Deste entdo, nao
foram realizados novos estudos ou registrados novos casos da doenga no estado do
Maranhao.

Foram registrados até o ano de 2020, casos de esporotricose humana em todos os
estados brasileiros, com exce¢ao de Roraima (Orofino-Costa et al., 2022). Alguns Estados
visando rastrear e auxiliar nas politicas de saude publica tornaram obrigatoria a notificacao
dos casos de esporotricose humana em Minas Gerais (SES-MG, 2018), Pernambuco (SES-
PE, 2019), Paraiba (SES-PB, 2019), municipio de Guarulhos (SS-GRU, 2016), Camagari
(Bahia, 2018) e os que incluem a notificacao de casos em animais sao os estados do Rio de
Janeiro (SES-RJ, 2019), Amazonas (Amazonas,2021), Rio Grande do Norte(SESAP-RN,
2020), Parana (SESA-PR, 2022) e municipios de Sdo Paulo (SMS-SP, 2020), Salvador
(SMS-BA, 2018).

A doenga apresenta uma variagao no seu perfil epidemioldgico, sendo mais frequente
no ambiente urbano (Bimbi & Brzezinski, 2017). Os felinos sao os animais mais acometidos,
que consequentemente com transmissdo zoondtica geram mais casos em humanos, sendo

um grave problema de satide publica (Cavalcanti et al., 2018).

2.3 Género Sporothrix

Os fungos do género Sporothrix pertencem ao reino Fungi, Divisdo Ascomycota,
Classe Pyrenomycetes, Ordem Ophiostomatales e Familia Ophiostomataceae. Caracterizam-
se por serem saprofita imoveis e dimorficos (Guarro et al., 1999).

Por muitos anos, S. schenckii foi considerado o tinico responsavel pela esporotricose,
todavia, pelo fato de acometer diferentes hospedeiros e o seu desenvolvimento esté associado
as variagOes geograficas e ambientais. Todavia estudos de analise filogenética foram
realizados, utilizando cepas de diversas regides do mundo e os resultados dessas pesquisas
identificaram a existéncia de um complexo do género Sporothrix (Marimon et al., 2006;
Mora-Montes et al., 2015; Zhang et al., 2015). Essas caracteristicas permitiram a divisao do
género Sporothrix em dois clados, um patogénico composto por S. brasiliensis, S. schenckii,
S. globosa e S. luriei (antigo S. schenckii var. luriei), responsdveis por causar doenca em
humanos e animais, € o clado ambiental constituido pelo complexo S. pallida (S. chilensis,
S. mexicana, S. humicola e S. pallida ex- S. albicans) e o complexo S. stenoceras (De Beer

etal., 2016).
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As espécies de Sporothrix spp. variam em relacdo a sua distribuicdo geogréfica,
fatores de viruléncia, frequéncia, caracteristicas ambientais, formas de transmissdo e

susceptibilidade antifingica (Fernandes et al., 2013; Rodrigues et al., 2016).

S. brasiliensis é a espécie de maior ocorréncia na América do Sul, e usualmente a
responsavel por causar surtos epidémicos devido a sua maior viruléncia e a habilidade de
evasao da resposta imunologica (Rossato, 2017). Apresenta maior resisténcia ao tratamento
com antifingicos da classe dos azois, € possui como principais mecanismos associados a sua
viruléncia a produ¢do de melanina e maior termotolerancia quando comparada a outras
espécies do complexo Sporothrix schenkii. Por muito tempo, foi uma espécie restrita ao
Brasil, porém existem relatos de identificacdo da espécie em casos de esporotricose felina e
humana na Argentina, caracterizando a dispersdo da espécie devido a fronteira com o Brasil

(Gremiao et al., 2017; Etchecopaz et al., 2020).

Sporothrix schenckii sensu stricto, a segunda espécie mais virulenta do clado
patogénico (Corréa-Moreira et al., 2021), possui uma distribuicdo mundial, com maior
ocorréncia registrada nas Américas do Norte, Central e do Sul, Africa do Sul, Australia e

Europa (Herndndez-Castro et al., 2022; Queiroz-Telles et al., 2022).

Sporothrix globosa ¢ uma espécie com relatos de doenga em humanos no Reino
Unido, Espanha, Italia, EUA, China, Japao, india, México, Guatemala, Coldmbia e Portugal
(Marimon et al., 2007; Yu et al., 2013; Oliveira et al., 2014b). No Brasil, ja foram descritos
quatro casos das espécies nos estados do Rio de Janeiro, Minas Gerais, Ceard e Goids (De
Oliveira et al., 2010; Rodrigues et al., 2013).

Sporothrix luriei foi inicialmente classificado como Sporothrix schenckii var. luriei.
e teve sua designacao alterada apos analises filogenéticas que identificaram uma separagao
genética entre S. luriei ¢ as demais espécies do complexo (Marimon et al., 2008). Existem
poucos relatos da sua ocorréncia, isolada apenas na Africa do Sul (Marimon ez al., 2008),
india (Padhye et al., 1992) e um caso no Brasil envolvendo um canino (Oliveira et al.,
2011b). Morfologicamente, esta espécie se distingui das outras por possuir a levedura com
0 maior tamanho, formato globoso com parede fina e com a reprodugdo por septacdo ou

brotamento simples, ou multiplo (Rippon, 1988).

Sporothrix pallida ¢ uma espécie ambiental ndo patogénica, com poucos relatos na
literatura em felinos (Oliveira et al., 2011b; Thomson et al., 2019) e um em humano

(Morrison et al., 2013). Estudos genéticos demostraram a similaridade entre S. pallida, S.
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albicans e S. nivea sendo proposto que as espécies fossem chamadas de S. pallida (De Beer;

Duong; Wingfield et al., 2016; D’ Alessandro et al., 2016).

Sporothrix stenoceras ¢ a espécie mais importante do complexo S. stenocera (S.
africana, S. narcissi, S. protearum, S. splendens, S. stenoceras e S. zambiensis) (De Beer;
Duong; Wingfield, 2016), pois é a unica responsavel por causar doenca em humanos e
animais, porém com raros relatos (Mariat e De Bievre, 1968; Rodrigues et al., 2015a;
Rodrigues et al., 2015b). E uma espécie encontrada no ambiente, geralmente isolada de solos
e madeiras em diversos continentes (De Beer et al., 2003; Novotny e Sritka, 2004;

Musvuugwa et al., 2016).

2.4 Morfologia

As espécies do complexo Sporothrix schenckii sdo classificadas como dimorficas,
isto €, apresentam variacdo na sua morfologia, com formas filamentosa e leveduriforme,

respectivamente no estagio saprofitico e na fase infecciosa no hospedeiro (Han, 2020).

A forma filamentosa ¢ observada em temperaturas mais amenas como 25-27°C no
ambiente ou cultivada in vitro. Microscopicamente, sao observados conidios, com a forma
eliptica e o tamanho variando de 2 a 3 um, em forma de margarida, inseridos nos pequenos
conidi6foros ou sobre hifas ramificadas e septadas (Oliveira, 2014a). Os conidios tém uma
morfologia que varia de globosos, ovais ou triangulares e ndo produzem cadeias, estdo
geralmente ligados individualmente ao longo da hifa, na forma de conidios sésseis (Marimon

etal.,2007).

Macroscopicamente, a cultura tem o aspecto micelial branco, com colonias
filamentosas que podem ser lisas, enrugadas ou cremosas, porém nunca cotonosas. A
coloracdo se converte em marrom a preto devido a producdo de melanina pelos conidios,
dispostos em floretes em uma hifa (conididforo) (Guirado et al., 2018). A produgdo de
melanina diferencia as espécies patogénicas das ndo patogénicas (Rossato, 2017; Téllez-
Martinez et al., 2019). O crescimento possui um periodo variavel, pois pode ocorre em 5 a

7 dias, ou durar varias semanas (Gremido et al., 2021).

O formato leveduriforme pode variar de redondo, oval ou até em forma de charuto,
com tamanho de 2 a 6 um de didmetro (Figura 1), observadas em lesdes de animais
infectados ou quando cultivadas in vitro a 37 °C (Silva et al., 2018). As coldnias
leveduriformes macroscopicamente sao lisas com coloragdo creme ou levemente

amarronzada (Arenas et al., 2018).
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Figura 1 - Formas leveduriformes de Sporothrix spp. Panético rapido.

 Ba

Fonte: Laboratorio de Patologia Veterinaria da UEMA

2.5 Patogenia

A transmissdo do fungo ocorre quando ha inoculag¢do de conidios ou leveduras no
tecido subcutaneo com solugao de continuidade, o animal ou ser humano entram em contato
com vegetais em decomposi¢do ‘“contaminados” ou pela arranhadura de gatos, que
alberguem o fungo em suas unhas (Orofino-Costa, et al., 2017).

Na transmissdo da forma classica, que ocorre quando o animal sofre um ferimento
traumatico de origem vegetal, como o solo ou madeira contaminados com fungo (De
Oliveira Bento et al., 2021), é necessario ocorrer a diferenciagdo do fungo da fase
filamentosa para a forma celular de levedura e assim inicie a sua multiplicagdo. Por este
motivo, o periodo de incubacao da doenga € mais prolongado quando comparado com casos
de transmissao zoonotica (Cruz et al., 2013).

A ocorréncia da doenga por inalagdo de fungos na terra ¢ rara, € quando ocorre pode
evoluir para uma infec¢@o benigna restrita a pele e tecido subcutineo, ou progredir para um
quadro grave disseminado, atingindo os 0ssos e 6rgaos internos (Nelson e Couto, 2015).

A esporotricose humana € uma zoonose, geralmente transmitida pelo gato (Rodrigues
et al.,2016; Gongalves et at., 2019) e pode ser considerada uma doenga ocupacional porque

normalmente acomete individuos que manuseiam a terra, como, por exemplo, floristas e
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jardineiros ou aqueles que lidam diretamente com os animais (De Oliveira Bento et al., 2021;

Schubach et al, 2003).

2.6 Fatores de viruléncia

O fator de viruléncia € o conjunto de mecanismos desenvolvidos por um patdégeno
para sobreviver as condi¢des hostis € promover seu crescimento no hospedeiro. Nesse
processo, 0 agente patogénico se torna mais virulento e capaz de produzir doenga no seu
hospedeiro (Casadevall, 2012). Os fungos desenvolveram mecanismos que permitiram a sua
sobrevivéncia as variacdes climaticas e nutricionais para que estes se adaptassem tanto ao
meio ambiente quanto ao organismo de seus hospedeiros. Os principais mecanismos
desenvolvidos pelos fungos, inclusive o género Sporothrix sdo a adesdo, o dismorfismo
fingico, a termotolerancia, a produ¢cdo de melanina, formacao de biofilmes e a evasdo do

sistema imunolégico (Téllez et al., 2014; Tamez-Castrellon et al., 2020).

Dimorfismo ¢ a capacidade que alguns fungos tém de modificar a sua morfologia por
meio de um processo de diferenciacdo celular, geralmente relacionado a resposta do fungo
a um estimulo térmico ou outras condi¢des ambientais, que induzem a troca entre as fases
leveduriforme e filamentosa de um fungo (Bonifaz; Tirado-Sanchez, 2017; Garcia Carnero,
2018a). No caso dos fungos do género Sporothrix, o dimorfismo estd diretamente
relacionado a termotolerancia, que ¢ a habilidade dos fungos em suportar e crescer na
temperatura corporea dos hospedeiros endotérmicos (Hogan; Klein; Levitz, 1996). No meio
ambiente, o fungo apresenta a forma filamentosa (25 °C) entretanto, ao parasitar o corpo
humano ou o corpo do animal, este se desenvolve na forma de conidio. Uma vez no
organismo de seu hospedeiro a temperatura de 37 °C, se diferencia em levedura, permitindo
a instalag¢ao da infec¢do no corpo do hospedeiro (Téllez ef al., 2014; Sizar e Talati, 2022).

A produg¢do de melanina ¢ um importante fator de viruléncia para os fungos, que pode
ocorrer por trés vias: DHN-melanina (1,8-di-hidroxinaftaleno), a eumelanina e a
piomelanina. No fungo do género Sporothrix, a producdo de melanina ocorre pelos conidios
e € visualizada macroscopicamente nas colonias pigmentadas na fase micelial e também por
leveduras na fase patogénica (Garcia-Carnero et al., 2022). O pigmento tem como fungdes:
aumentar a permanéncia do microrganismo no hospedeiro, melhorar a sua resisténcia a
processos de fagocitose, diminuir a susceptibilidade de degradagdo enzimatica, a toxicidade
dos metais pesados, a radiacdo UV, mudangas extremas de temperatura e a acao dos radicais
livres de oxigé€nio e nitrogénio (Almeida-Paes et al., 2012; Téllez et al., 2014). Outra

importante funcdo da melanizagdo ¢ a reducao da suscetibilidade do fungo aos antifingicos
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como a anfotericina B (Garcia Carnero, et al., 2018a) e a terbinafina (Almeida-Paes et al.,
2016).

Outro fator que contribui para a habilidade de evasdo da resposta do sistema
imunolégico ¢ a producdo do peroxido de ergosterol em leveduras. O Ergosterol ¢
encontrado na membrana celular do fungo e ao reagir com o perdxido de hidrogénio,
produzido pelo macrofago, gera o peroxido de ergosterol, que funciona como um mecanismo
de protecao a fagocitose (Sgarbi ef al., 1997; Carlos et al., 2009).

A adesdao do fungo as células endoteliais e epiteliais ¢ essencial para o
estabelecimento da infec¢do. No caso do Sporothrix spp., as adesinas realizam a ligacao de
leveduras na matriz extracelular da derme (Aung; Spelman; Thompson, 2015; Garcia
Carnero et al.,2018a). A adesina mais conhecida ¢ a glicoproteina de 70 kDa, ou GP 70
(Conceigdo-Silva et al., 2018). Essa proteina ¢ importante para a modulagdo da resposta
imunologica do hospedeiro, pois realiza a ligagdo do fungo na derme e na matriz
subendotelial do hospedeiro (T¢llez et al., 2014; Aung; Spelman; Thompson, 2015), além
de ser altamente imunogénica. A GP 70 j& foi relatada nas espécies S. schenckii, S.
brasiliensis e S. globosa (Mora-Montes et al., 2015; Garcia-Carnero et al., 2018b).

As proteases sdo enzimas extracelulares produzidas para auxiliar no processo
nutri¢ao, crescimento, invasao tecidual e evasdo do sistema imunoldgico. As proteases
identificadas no S. schenckii tem a habilidade de hidrolisar substratos naturais da pele, como
o colageno, a elastina e o estrato corneo (Tsuboi et al., 1987; Yoshiike et al., 1993), e
também atuam diretamente nas fibras do citoesqueleto no processo infeccioso (Sabanero
Loépez et al., 2018). E importante ressaltar que apesar da eficiente atividade enzimatica, os
fungos do género Sporothrix ndo conseguem penetrar na pele integra (Chakrabarti et al.,

2015; Lopes-Bezerra et al., 2018).

2.7 Formas clinicas

A esporotricose € uma micose cutidnea causada pelo Sporothrix spp., um fungo de
ampla distribui¢do mundial que afeta varias espécies animais tais como: caes, gatos, cavalos,
mulas, bovinos, aves e seres humanos (Lacaz, et al., 1991; Aillo, 2001; Cruz, 2010). A
doenga pode se manifestar nas formas: cutanea, localizada ou disseminada, linfo cutanea e
extracutanea (T¢llez et al., 2014; Macedo-Sales, 2018).

Na forma cutanea localizada, as lesdes se restringem apenas ao local da inoculagao,
com bordas hiperémicas e geralmente ulceradas, podendo se apresentar também como

papulas que fistulam, ulceras, placas achatadas e lesdes eritemato-escamosas (Song et al.,
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2011; Orofino-Costa et al., 2017). A forma cutanea disseminada se apresenta como multiplas
lesdes cutaneas, disseminadas na pele e podem estar associadas ou nao a multiplos traumas.
Ocorre principalmente em pacientes imunossuprimidos, que apds a inoculagdo o patdégeno,
invade a corrente sanguinea e se dissemina (Orofino-Costa et al., 2017).

Na forma linfocutanea, as lesdes se iniciam no local de inocula¢do do fungo, mas a
lesdo evolui para os vasos linfaticos, no qual sao formados multiplos nédulos novos ao longo
dos vasos linfaticos formando uma espécie de colar. E apresentagdo mais comum em
humanos, se manifestando em cerca de 75% dos casos da doenga (Rodrigues et al., 2020).

A forma extracutdnea da esporotricose se manifesta com o comprometimento de,
ossos e olhos, meninges e outras mucosas (Araujo e De Santana Leal, 2016; Poester et al.,
2018) sem necessariamente a presenga de lesoes na pele. O tecido 6sseo ¢ o mais acometido
depois do cutaneo (Ramos et al., 2021), com o envolvimento dos 0ssos ¢ as articulagdes, em
geral, devido ao trauma direto, por invasdo de lesdo cutinea preexistente ou disseminagao
hematogénica secundaria (Orofino-Costa et al., 2017).

Nos felinos, os sinais clinicos sao semelhantes aos observados no homem, que variam
desde uma unica lesdo até lesdes multiplas e formas sistémicas, que evoluem quase sempre
para um quadro de obito (Gongalves et al., 2019; Gondim & Leite, 2020).
Macroscopicamente, as lesdes apresentam um padrao ulcerados com liberagao de exsudato
castanho-escuro ou nodulares com comprometimento de vasos linfaticos adjacentes, ou
eritematosas (Pires, 2017). Em alguns animais s3o observados sinais como linfadenite,
linfangite nodular ascendente, 4reas teciduais com necrose e exposicdo de musculatura e

ossos (Larsson, 2011; Santos, 2019).

2.8 Diagnéstico

O diagnodstico da esporotricose € realizado pela avaliagdo clinica do paciente, a
epidemiologia local e a realizagdo de exames laboratoriais (Lopes-Bezerra et al., 2018). A
confirmagdo do diagndstico pode ser feita por varias técnicas, tais como: citologia, cultura
fungica, histopatologia e as técnicas moleculares realizados com o material de secre¢do ou
raspado das lesdes, que permitirdo direta e/ou indiretamente verificar a presenga do fungo
no material coletado ou em tecidos das lesdes (Gremido et al, 2014; Bazzi et al., 2016). A
escolha do exame deve considerar o quadro clinico do paciente, pois em alguns casos o
resultado pode ser inconclusivo devido a pouca quantidade de células fingicas no material

ou pela predominancia de outros agentes nas lesdes (Hygino Da Cruz, 2013).
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A realizacdo do diagndstico diferencial ¢ muito importante, pois as lesdes de
esporotricose sao semelhantes as observadas em outras doencas de cdes e gatos, como
criptococose, leishmaniose, micobacteriose, neoplasias e piodermites (Mauldin; Peters-

Kennedy, 2016).

2.8.1 Citologico

O exame citopatoldgico € realizado a partir da andlise do material exsudativo das
lesdes. Na analise microscopica, sdo observadas leveduras com formato oval a arredondadas,
ou com a morfologia semelhante a um “charuto”, forma mais caracteristica, que podem estar
no citoplasma de macréfagos ou livres. Os felinos apresentam uma elevada carga fingica de
estruturas leveduriformes em suas lesoes, fator que favorece a utilizagdo do exame citologico
para o diagndstico da doenga (Miranda et al., 2013). As vantagens desta técnica sdo o baixo
custo, a rapidez no resultado e sensibilidade diagnostica de até 87% (Jéssica et al., 2015;

Macédo-Sales et al., 2018).

2.8.3 Histopatolégico

O exame histopatologico consiste na coleta de pequenos fragmentos das lesdes
cutaneas, por bidpsia ou na necropsia do animal, que apds fixagdo em formalina tamponada
a 10%, sao submetidos ao processamento histoldégico. Microscopicamente, sao observadas
leveduras com um centro basofilico e um halo claro, associadas a um infiltrado inflamatoério

granulomatoso com necrose caseosa ou de liquefacdo (De Souza ef al., 2018).

As coloragdes de rotinas, como a Hematoxilina e Eosina (HE) podem ser
empregadas, porém, a aplicacdo de coloragdes especiais como o Acido Periddico-Schiff
(PAS) e metenamina de prata de Grocott-Gomori (GMS) facilitam o diagndstico com a
visualiza¢do mais detalhada do fungo no tecido (Mauldin; Peters-Kennedy, 2016; Castro et
al., 2017). O histopatoldgico ¢ uma alternativa de diagndstico quando ndo ¢ possivel se
realizar a cultura fungica. E indicado para diagnéstico da esporotricose em cies e humanos,
que por apresentarem baixa carga de leveduras fungicas nas lesdes cutaneas, podem ser
avaliadas a partir das alteragcdoes inflamatdrias nos tecidos, associdas também as marcagdoes

histoquimicas dos corantes especiais (Morgado ef al., 2011; Miranda et al., 2013).

2.8.4 Imuno-histoquimica

A técnica de imuno-histoquimica também pode ser utilizada, apresenta uma

sensibilidade de aproximadamente 88% em gatos (Silva et al., 2018), porém ndo ¢ uma
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realidade para muitos locais devido a necessidade de anticorpos comerciais que apresentam
um elevado custo, limitando o uso da técnica a apenas alguns centros diagndsticos que o

produzem (Bazzi et al., 2016; Gremiao et al., 2021).

2.8.5 Cultivo fungico

O cultivo fungico ¢ considerado o diagndstico definitivo, pois € possivel realizar
isolamento e identificagdo morfologica da espécie nas formas micelial e leveduriforme
(Almeida et al., 2018), a partir de crostas, secre¢des ou fragmentos de biopsias de lesdes. Os
meios de cultura mais utilizados sdo Agar Sabouraud simples, Agar Sabouraud acrescido de
Cloranfenicol ou ainda o Agar Sabouraud acrescido de Cloranfenicol e Cicloheximida.
(Rudramurthy e Chakrabarti, 2017). A técnica também tem suas limita¢gdes como o tempo
para o crescimento do fungo e a identificagdo da espécie, que ¢ geralmente classificada em
Sporothrix spp. ou Sporothrix schenckii sensu latu, pois a caracterizagdo das espécies do
complexo Sporothrix schenckii s6 ¢ possivel com a aplicagdo conjunta de técnicas

morfoldgicas, fisioldgicas e moleculares (Lozoya-Pérez et al., 2020).

2.8.6 Técnicas moleculares

As técnicas moleculares possuem melhor especificidade, sensibilidade e precisdao
para identificagdao da espécie (Zhang et al., 2019b). Permitem a identificagdo do agente a
partir de culturas fungicas, em fragmento de tecido fresco, congelado ou parafinado. Os
ensaios moleculares t€ém como premissa a amplificagdo do DNA para detectar Sporothrix
spp. em amostras clinicas sem a necessidade de posterior sequenciamento, com mais
sensibilidade e reduzindo consideravelmente o tempo do diagnostico (Rodrigues; De Hoog;

De Camargo, 2015).

A reagdo em cadeia da polimerase (PCR) ¢ uma técnica utilizada para a
caracterizagcdo molecular da espécie (Marimon et al., 2007; Rodrigues et al., 2013), e tem
como referéncia o gene da calmodulina (CAL) para identificacdo das espécies do género
Sporothrix (Marimon et al., 2007; New, et al., 2019). Marimon et a/ (2006), ao avaliarem
60 isolados de S. shenckii lato sensu identificaram espécies criticas, analisando o gene de 3
proteinas (quitina sintase, B-tubulina e calmodulina). Em 2007, os mesmos pesquisadores
realizaram a caracterizagao fenotipica e andlise genética comparando as sequéncias do gene
da calmodulina em 127 isolados e confirmaram a existéncia de 3 novas espécies, propondo
uma nova chave de caracterizagdo fenotipica e validagdao do gene da calmodulina como um

marcador para identificagdo das espécies que compdem o complexo (Marimon et al., 2007).
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De Oliveira et al. (2012) utilizando a técnica PCR fingerprinting de T3B
conseguiram distinguir de 15 cepas clinicas de Sporothrix spp. com 100% de concordancia
quando comparada a técnica com avaliacdo das sequéncias de calmodulina. Posteriormente,
em 2015, a viabilidade da técnica foi confirmada com avaliagdo de cepas ambientais e propds

a aplicagdo da técnica em laboratorios clinicos de micologia (Oliveira ef al., 2015a).

Outra técnica utilizada por Oliveira et al (2015b) para identificagdo da espécie foi a
espectrometria de massa, matrix-assisted laser desorption ionization time-of-flight mass
spectrometry (MALDI-TOF MS), que demonstrou capaz de distinguir os isolados de S.
brasiliensis, S. globosa, S. mexicana, S. schenckii, S. luriei e S. pallida. Os resultados foram
satisfatorios, pois a técnica permitiu identificar espécies tanto de origem ambiental quanto
clinicas, além de possuir um preparo e analise mais simples e rapido facilitando a sua
aplicacdo por laboratérios de micologia e reclassificacao de isolados de cole¢des (Lima-Neto

etal.,2014).

Na busca de estabelecer a RCA (Rolling Circle Amplification) para a identificagdo
das espécies de Sporothrix spp., Rodrigues et al. (2015b) desenvolveram uma técnica
baseada no polimorfismo no gene da calmodulina a identificagdo de S. brasiliensis, S.
schenckii, S. globosa, S. luriei, S. mexicana e S. pallida, com alta de especificidade e
sensibilidade. Os beneficios dessa técnica quando comparado a uma PCR ¢ que pode ocorrer
a temperatura ambiente, por se tratar de uma reagdo isotérmica, ndo sendo necessario a
utiliza¢do de equipamentos como termocicladores para sua realizagdo. Além de possuir alta
especificidade e sensibilidade de detectar as sequéncias do DNA alvo mesmos em baixas

concentragdes (Goo e Kim, 2016).

Recentemente, Zhang ef al. (2019 a) desenvolveram um novo protocolo utilizando a
PCR Real-Time Multiplex para diagndstico da esporotricose causada por S. brasiliensis, S.
schenckii stricto sensu e S. globosa, correlacionando os resultados com os da cultura e da
PCR espécie-especifica verificaram bons resultados na detec¢do do fungo e classificaram

como eficiente, aplicavel e de rapida replicacdo para o diagndstico.

2.9 Medidas profilaticas e de controle da esporotricose
No controle da esporotricose felina, as principais medidas de prevengdo sdao a
castragdo, isolamento e tratamento de animais doentes, descarte correto dos cadaveres de

animais que vieram a Obito e a orientagdo do tutor para reduzir os riscos de contaminagao.
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A principal medida de controle da esporotricose ¢ a castragdo dos felinos, pois reduz
o comportamento territorial do animal que constantemente entram em conflito com outros
animais por controle do territorio e por fémeas, facilitando a disseminagdo da doenga por
animais doentes por meio de arranhdes e mordidas (Barros et al., 2010; Almeida e Almeida,

2015).

O descarte dos cadaveres dos animais que vieram a Obito ou foram eutanasiados,
deve ser realizado de forma correta, uma vez que o fungo apresenta capacidade de crescer
no meio ambiente. Segundo a Resolucao n°5, de agosto de 2003, do Conselho Nacional do
Meio Ambiente, residuos que apresentem risco potencial a satde publica e ao meio ambiente
pela presenca de agentes bioldgico como cadadveres de animais infectados por agentes do
complexo S. schenckii ¢ indicada a realizagdo de esteriliza¢do ou incineragdo desses residuos

(Andrade et al., 2002).

A eutandsia ¢ indicada para pacientes com resposta terapéutica insatisfatoria apos
avaliacdo de um médico veterinario ou no caso de formas graves da doenga em que o tutor
niao demonstra interesse em prosseguir com o tratamento do animal (Barros et al., 2010;

Gremido et al., 2021).

E importante orientar os tutores sobre o isolamento dos animais doentes durante o
tratamento, para reduzir o risco de disseminag¢ao no meio ambiente e para outros animais. A
utilizacao de equipamentos de protecao individual (EPI) como luvas descartaveis, mascara,
oculos e jalecos sao necessarios para manipulagcdo dos animais doentes, limpeza do ambiente
e dos utensilios do animal e inibir acidentes como mordidas e arranhdes (Silva et al., 2018;

Miranda et al., 2018).

A orientacdo da populacdo sobre posse responsavel ¢ uma grande medida de
prevencgdo. Pois os tutores recebem orientagdes sobre manejo dos animais, vacinagao,
controle populacional e orientagdes sobre satde (Silva et al., 2020). A conscientizagdo sobre
posse responsavel ¢é essencial nos casos de esporotricose felina, uma vez que ¢
responsabilidade do tutor ndo abandonar o animal, realizar o tratamento e manter o

isolamento neste periodo (Gremiao et al., 2021; Santos et al., 2018).
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3 OBJETIVOS

3.1 Geral
e (Caracterizar a esporotricose felina do ponto de vista clinico, cito-histomorfoldgico e

molecular na Ilha de Sdo Luis.

3.2 Especificos

e Descrever as alteracoes cito-histomorfologica das lesdes da esporotricose em felinos;

e Realizar o diagnodstico micologico a partir de exame direto de felinos com
esporotricose € obtengdo do agente etiologico em cultura;

e Identificar as espécies de Sporothrix spp. pela técnica molecular;

e Avaliar a diversidade genética dos isolados de Sporothrix spp.;
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ABSTRACT.- Sporotrichosis is a cutaneous mycosis caused by saprophyte fungi of the genus
Sporothrix spp. Sporothrix brasiliensis is responsible for endemic outbreaks in felines and
humans in Brazil. This report describes a case of feline sporotrichosis referred to the dermatology
sector of the Veterinary Hospital Francisco Edilberto Uchbéa Loes of the State University of
Maranhao, Sao Luis, Brazil. The owner reported that the 3-year-old male feline had a small lesion,
which was nonhealing and ulcerated in the right thoracic limb. In the cytological examination,
fungal yeasts were observed, and a sample of the lesion’s secretion was collected for a fungal
culture. Oral treatment with itraconazole 100mg/S.I.D. was indicated for 30days. However, after
30days of treatment, no signs of improvement were observed, and potassium iodide
20mg/kg/S.1.D was added, orally for another 30days. In the fungal culture, hyaline hyphae and
round conidiophores were organized in daisy format, confirming the presence of Sporothrix spp
on morphological examination. After 60days, the clinical picture of the patient worsened, new skin
lesions emerged, and dyspnea occurred; the owner refused to continue treatment, and
euthanasia was requested. During necropsy, multiple skin lesions were observed in the snout,
ears, eyelids, thorax, and pelvic limbs. The histopathological examination of these lesions
exhibited an abundance of yeasts in the superficial and deep dermis, associated with an intense
lymph-histiocyte inflammatory process. No lesions were found in the other organs. The
polymerase chain reaction confirmed that S. brasiliensis was the agent responsible for the clinical
picture of the cat.

INDEX TERMS: Sporotrichosis, zoonosis, feline, Sporothrix spp, fungal resistance.

RESUMO.- [Esporotricose felina: uma doen¢a emergente no estado do Maranhdo.] A
esporotricose € uma micose cutanea causada por fungos saprofitas do género Sporothrix spp.
No Brasil, a espécie Sporothrix brasiliensis é responsavel por surtos endémicos em felinos e
humanos. Este relato descreve um caso de esporotricose felina encaminhado ao setor de
dermatologia do Hospital Veterinario Francisco Edilberto Uchda Lopes da Universidade Estadual
do Maranhéo, Sao Luis, Brasil. O proprietario relatou que um felino macho de 3 anos apresentava
uma pequena lesdo ulcerada, que nao cicatrizava no membro toracico direito. No exame
citolégico, foram observadas leveduras fungicas, e uma amostra da secre¢do da lesdo foi
coletada para cultura fungica. Foi indicado tratamento oral com itraconazol 100mg/S.1.D. por 30
dias. No entanto, apds 30 dias de tratamento, nao foram observados sinais de melhora, e foi
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adicionado ao tratamento iodeto de potassio 20mg/kg/S.I.D., via oral, por mais 30 dias. Na cultura
fungica foram observadas hifas hialinas e conidiéforos redondos que se organizavam em formato
de margarida, confirmando a espécie Sporothrix spp no exame morfolégico. Apds 60 dias, o
quadro clinico do paciente piorou, surgiram novas lesées cutdneas e um quadro de dispneia, o
proprietario demonstrou recusa em continuar o tratamento e foi solicitada a eutanasia. Durante
a necropsia, foram observadas multiplas lesdes cutaneas no focinho, orelhas, palpebras, térax e
membros pélvicos. O exame histopatoldgico dessas lesdes mostrou abundancia de leveduras na
derme superficial e profunda, associadas a um intenso processo inflamatério linfo-histiocitario.
Nao foram encontradas lesbes nos outros 6rgaos. A reacao em cadeia da polimerase confirmou
que o S. brasiliensis era o agente responsavel pelo quadro clinico do gato.

TERMOS DE INDEXACAO: Esporotricose, zoonose, felino, Sporothrix spp, resisténcia fungica.

INTRODUCTION

Sporotrichosis is a subcutaneous mycosis caused by pathogenic fungi of the complex
Sporothrix schenckii, often found in vegetation and soil, and mainly affect cats, dogs, and humans
(Pires, 2017; Ramirez-Soto et al., 2018). Sporothrix spp. are considered pathogenic (Rodrigues
et al., 2020), with greater attention to S. brasiliensis, S. globosa, S. luriei, and S. schenckii (De
Beer et al., 2016; Rodrigues et al., 2020), which cause infections in humans and animals, affecting
public health. Sporotrichosis is an endemic disease with several cases described in the literature
in South America, North America, Central America, Europe, Asia, Africa, and Oceania (one case)
(Morgado et al., 2022).

Currently, several cases have been reported in the Northeast region, chiefly in the states
of Pernambuco (Spinelli et al., 2021), Paraiba (Angelo et al., 2023), Alagoas (Marques-Melo et
al. 2014), Rio Grande do Norte (De Oliveira Bento et al. 2021), Bahia (Guimaraes & Guimaraes
2021), and Ceara (Aguiar et al. 2023). In Brazil, S. brasiliensis is the most predominant species
in zoonotic outbreaks (Rossow et al. 2020, Valdez et al. 2023).

Cats are nocturnal and peridomiciliary, have habits of fighting for territories and females
for reproduction, have scratches and bites, and for this reason, are the most frequent forms of
transmission (Andrade et al. 2021). The high fungal load in lesions is a significant factor in the
transmission of the disease in urban environments because of their proximity to humans, hygiene
habits, and environmental interactions with soil and trees, which are places where the fungus
usually thrives (De Miranda et al. 2018, Rodrigues et al. 2020). These factors facilitate the
maintenance of the fungi in the cat’s body, particularly in the oral and nasal cavity, and their
dissemination in the environment by acts of sharpening the nails and digging the earth (Macédo-
Sales et al. 2018, Schubach et al. 2015). Another form of transmission is traumatic inoculation in
the subcutaneous tissue of conidia and hyphae in soil or organic matter (Orofino-Costa et al.
2017).

Fungal culture is the gold standard diagnosis because of its high sensitivity for samples
with low fungal load (Rodrigues et al. 2020). However, other tests can be performed as a
presumptive diagnosis, such as cytological and histopathological examinations (Gremiéo et al.
2021). Molecular techniques were initially employed for the identification of the responsible
Sporothrix spp., subsequently adapted for the diagnosis of sporotrichosis in the clinical routine
(De Carvalho et al. 2022, Rodrigues et al. 2015, Zhang et al. 2019).

Treatment of sporotrichosis consists of antifungal drug therapy for a prolonged period,
about 2—-3months, which can usually be maintained up to a month after the complete remission
of lesions. The most used drugs are itraconazole, potassium iodide, terbinafine, fluconazole, and
amphotericin B (Nakasu et al. 2021, Rocha et al. 2018).

Based on the data cited and the importance for public health, this study aims to report a
case of feline sporotrichosis in Sao Luis to alert to the occurrence of the disease in the region and
inform veterinarians and the local community as a current challenge in the diagnosis and
treatment.

CASE REPORT

A 3-year-old male feline, crossbreed and noncastrated, was referred to the Dermatology
of the Veterinary Hospital of the State University of Maranhao (HVU-UEMA), Sao Luis, Brazil,
with a history of an ulcerated non-healing lesion in the digit of the left thorax, which occurred after
the animal escape from the home environment.
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Hematological and biochemical tests, skin cytology, and feline immunodeficiency virus
(FIV) and feline leukemia virus (FELV) tests were requested. No significant clinical changes were
observed in the blood count, and the FIV and FELV tests were negative. In the cytological
evaluation, yeast structures ranged from round to oval, with a basophilic nucleus and a clear halo,
phagocytized by segmented and hypersegmented macrophages and neutrophils (Fig. 1).

Until the definitive diagnosis was reached, therapy with antifungal itraconazole (Itraspor®,
Ems Sigma Pharma LTDA, Sao Bernardo do Campo, Brazil) 100mg/S.I.D. for 30days was
initiated because the macroscopy of the lesion was suggestive of sporotrichosis, and the
presence of fungal structures was observed by cytological examination.

For definitive diagnosis, lesion exudate was collected through a sterile swab, transported
in Stuart medium, and sent to the Veterinary Mycology Laboratory of the UEMA for fungal cultures
and the identification of the etiological agent. The swab was seeded in a plate with Sabouraud
agar plus chloramphenicol and kept in an oven BOD incubator at 250C for 21days, with periodic
monitoring of the fungal colony.

The macroscopic evaluation of the fungal culture showed that with 7days of growth, the

culture presented a white-to-cream appearance with a moist and smooth aspect, which
progressively changed to brown with a leathery aspect. A micromorphological evaluation was
performed in microculture, with hyaline hyphae, slender, septate conidia with a rounded shape,
presenting a “daisy” arrangement. Thus, they are compatible with Sporothrix spp. (Fig. 2).
The feline returned after 30 days of antifungal therapy, presenting no positive response to
treatment, which was confirmed by the appearance of new lesions. The combined treatment with
Itraspor® with potassium iodide 20mg/kg/S.1.D. (formulated drug) for 60 days was recommended.
After 2 months of combined treatment, the feline presented with a worsening clinical picture, with
respiratory symptoms such as sneezing, runny nose, and ulcers in the nostrils, ears, eyelids,
thorax, and pelvic limbs, low body score, and slight regression of skin lesions (Fig. 3), presenting
the disseminated cutaneous form of sporotrichosis. The owner decided to euthanize the animal
because of prolonged treatment and lack of clinical improvement. The animal was later taken to
the Veterinary Pathology Laboratory at the UEMA for necropsy.

No gross lesions were observed at the necroscopic examination, except in the skin or
mucosa. Fragments of cutaneous lesions were collected for histopathological examination and
stained with hematoxylin and eosin and Schiff's periodic acid (PAS). The histopathological
examination showed an intense lymph-histiocyte inflammatory process and abundant
intrahistiocyte or free yeasts in the superficial and deep dermis of the samples (Fig. 4).

Species identification was performed by molecular tests of fungal cultures. DNA
extraction was performed using the phenol-chloroform-isoamyl alcohol protocol described by
Sambrook and Russell (2001). Polymerase chain reaction (PCR) was performed following the
methods described by Rodrigues et al. (2015) for the amplification of the calmodulin gene (CAL),
using the primers SbraF (CCC CCG TTT GAC GCT TGG) and SbraR (CCC GGATAACCG TGT
GTC ATA AT). PCR products were observed in SYBR gel® Safe DNA Gel Stain and visualized
under UV light after electrophoresis (60 V, 40 min). The sample presented an amplified product
for the C.A.L. gene for S. brasiliensis.

DISCUSSION

To our knowledge, this is the first documented case in the Maranhao State. However,
other clinicians have reported skin lesions resembling sporotrichosis, a global zoonosis that
mainly affects felines (Rossow et al. 2020). In this species, the most observed clinical form is the
disseminated cutaneous form, similar to that observed in the presented feline, with multiple
ulcerated lesions distributed throughout the body. These lesions or ulcerated nodules present
hemorrhagic discharge in the face and limbs and can be observed in areas of alopecia and crusts
(Boechat et al. 2018, Rossow et al. 2020). Despite the poor state of the animal, internal organ
lesions were not found, which generally occur in immunocompromised animals; in this case, the
animal was negative for FIV and FELV, which explains the absence of no lesions in organs.

Histopathology with the application of histochemical staining as PAS was another
technique used for the diagnosis of sporotrichosis; in this report, malformed granulomas with an
abundance of yeasts in the deep and superficial dermis and lymphohistiocytic inflammatory
infiltrate could be visualized. The presence of malformed granulomas and the intense fungal load
are factors associated with treatment failure and the longer healing time of the lesion (De Souza
et al. 2018, Miranda et al. 2013). In this study, fungal species identification was performed using
the species-specific PCR technique from an isolate of fungal culture, and the result was positive
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for S. brasiliensis. This species is involved in human and feline infections and is almost always
related to cases of high virulence and resistance to antifungal treatments (Gremiao et al. 2021).

The feline presented with respiratory symptoms such as sneezing and difficulty breathing
because lesions were formed on the snout. Respiratory lesions are challenging to treat and are
often associated with lesions refractory to antifungal treatment, and some cases end in death
(Rocha et al. 2018, De Souza et al. 2018). De Miranda et al. (2018) described that cats with
multiple skin lesions are likelier to have failures or more prolonged itraconazole treatment.The
treatment of sporotrichosis is based on three points: the clinical disease form, immune status of
the host, and species involved (Orofino-Costa et al. 2017). In this report, the fungus showed
resistance to standard treatment with itraconazole. Melanization is an auxiliary factor in this
process because pigment production helps fungi resist environmental and host variations
(Almeida-Paes et al. 2016, Waller et al. 2021). The occurrence of fungal isolates resistant to
itraconazole is one of the main difficulties in treating sporotrichosis (Espinel-Ingroff et al. 2017).
The combination of itraconazole with potassium iodide for the treatment of sporotrichosis in
humans with refractory cases showed clinical cure results (Lyra et al. 2021, Poester et al. 2022),
and it has been adapted for use in cats with sporotrichosis (Nakasu et al. 2021, Reis et al. 2016).

Another factor that directly affects the treatment of animals with sporotrichosis is the
involvement of the owners, as they are essential for administering medications and controlling of
isolation of sick animals. Gremiao et al. (2021) assert that tutors often give up the treatment of
sick animals because of the cost of medications, duration of treatment, difficulty in the
administration of medications for cats, and the high risk of transmission of the disease to the
family or the animal handler.

CONCLUSION

Feline sporotrichosis is a zoonosis that should be included as a differential diagnosis of
cutaneous mycoses in humans and animals because the disease is spreading widely. Cats with
the widespread form of the disease may be resistant to itraconazole therapy. Atypical conditions
related to sporotrichosis in cats, particularly in endemic areas, require special attention from
veterinarians for the guidance of tutors, disease risks, and importance of treating sick animals to
prevent the spread of the disease to healthy animals. Thus, diagnostic tools with greater precision
and accuracy, such as molecular tests, are needed to identify Sporothrix through PCR, especially
in regions that do not present official notification of sporotrichosis.
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Figure Legends

Fig.1-4. Feline sporotrichosis. (1) Ulcerated lesions with crusts on the right lower eyelid and snout.
(2) Feline macrophages infected with Sporothrix brasiliensis yeast cells in shape ranging from
rounded to oval with basophilic nucleus and transparent halo (arrows), 100x. (3) Microscopy of
culture Sporothrix brasiliensis — thin, hialyne hyphae with conidiophores in a characteristic floral
arrangement or “daisy-like” shape, lactophenol blue stain, 100x. (4) Numerous rounded and
cigar-shaped yeast structures in the superficial dermis (black arrowhead), HE. 40x.
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CAPITULO 3 - Phylogenetic analysis of Sporothrix brasiliensis isolated from feline
sporotrichosis in the Amazon region

(Submetido a revista Pesquisa Veterinaria Brasileira — Qualis A3)
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Abstract: Sporotrichosis is a zoonotic cutaneous mycosis caused by saprophytic fungi
belonging to genus Sporothrix spp., which affects cats, horses, dogs and humans. The
current study aimed to clinically evaluate sporotrichosis in cats and to characterize
phenotypically and molecularly Sporothrix spp. in Amazon region of Sdo Luis Island.
Clinical assessment and cytological examination were carried out, from October 2022 to
July 2023, in cats with suspected cases of sporotrichosis treated at Francisco Edilberto
Uchoda Lopes Veterinary Hospital, State University of Maranhdo. Exudate from animals
lesions was collected through exfoliation or imprinting for fungal culture and species
identification. Samples of fungi culture were subjected to species-specific PCR, genetic
sequencing and, subsequently, to phylogenetic analysis. In total, 46 animals were selected:
33 males and 13 females. Disseminated cutaneous clinical sporotrichosis was observed in
70% of the assessed cats. The body parts that mostly presented lesions comprised face,
ears, back of the thoracic region and limbs. Fungal cultures early presented white color that
gradually turned blackish and showed coriaceous texture compatible to Sporothrix spp. All
the 46 samples from fungi culture successfully amplified the CAL gene by PCR conducted
with S. brasiliensis species-specific primers. Based on phylogenetic analysis applied to the
fungal isolates, rates of genetic identity with sequences of S. brasiliensis (cal gene)
specimens ranged from 90% to 100%. This is the first report that identified, by
phylogenetic analysis, S. brasiliensis species causing sporotrichosis in felines living in an

Amazon region in Brazil.

Keywords: Sporothrix spp., phylogeny, zoonosis, epidemiology, sporotrichosis, cats,

outbreak
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Introduction

Sporotrichosis is a superficial cutaneous mycosis caused by environmental and
dimorphic saprophytic fungi belonging to genus Sporothrix [1,2]. These fungi affect several
animal species, such as horses, camels, cattle, pigs, primates, dogs and domestic cats [3,4].

Fungi belonging to genus Sporothrix have the taxonomic classification of kingdom
Fungi, Division Ascomycota, Class Pyrenomycetes, Order Ophiostomatales and Family
Ophiostomataceae. They are saprobic, immobile and dimorphic fungi [5]. Species belonging
to genus Sporothrix are split into two clades. One is the pathogenic clade featuring the
Sporothrix schenckii complex formed by S. brasiliensis, S. schenckii, S. globosa and S. luriei
(formerly S. schenckii var. luriei), which accounts for causing the disease in humans and
animals. The other one is the environmental clade, which comprises the S. pallida (S.
chilensis, S. mexicana, S. humicola and S. pallida ex- S. albicans) and S. stenoceras
complexes [6].

Felines living in urban environments are primary hosts for fungi belonging to the S.
schenckii complex. They can get sporotrichosis either through contact with contaminated
soil or through bites or scratches from other sick felines[7].

Sporotrichosis can clinically manifest itself through localized or disseminated
cutaneous, lymphocutaneous and extracutaneous lesions [8—10]. Lesions observed in the
localized cutaneous form are limited to the inoculation site and exhibits hyperemic and often
ulcerated borders. They can also present themselves as papules, ulcers, flat plaques and
erythematous-squamous lesions [11]. The disseminated cutaneous form presents multiple
cutaneous lesions widespread on skin, which may, or may not, be associated with multiple
traumas [12].

The diagnosis of sporotrichosis can be performed by patients clinical assessment,

epidemiology and laboratory tests [13]. Several techniques, such as cytology, fungal culture,
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histopathology and molecular techniques applied to secretion or scrapings from lesions can
be used to confirm sporotrichosis diagnosis [14,15].

The geographical distribution, virulence factors, frequency, environmental features,
transmission forms and antifungal susceptibility vary according to the Sporothrix species
[16]. S. brasiliensis is the most widely distributed species in South America, besides being,
oftentimes, accountable for epidemic outbreaks, given its high virulence and remarkable
ability to evade hosts immune response [17].

Southern and Southeastern Brazil are the regions registering most sporotrichosis
cases, whose main predisposing factors are associated with the hot and humid climate and
with dogs and cats abandonment [18,19]. Sporotrichosis cases were mainly reported in these
regions for several years. However, this disease has been recorded in the Northeastern
region, with emphasis on Rio Grande do Norte [20,21], Pernambuco [22], Paraiba [23],
Alagoas [24], Bahia [25] and Cearé [26] states.

The Legal Amazon comprises 5.01 million km?, equivalent to the States of Acre,
Amapa, Amazonas, Pard, Rondonia, Roraima, Mato Grosso and part of the State of
Maranhdo west of the 44W° Meridian, totaling 772 municipalities [27]. The state of
Maranhdo has two different biomes, the Amazon and the Cerrado, and is considered a
transition area with a high diversity of ecosystems and biodiversity [28]. In these tropical
and subtropical regions, the occurrence of neglected diseases is common due to low income,
poor housing, large populations of infectious vectors, proximity to domestic animals,
destruction of natural resources and poor access to healthcare [29].

Sporotrichosis is a neglected zoonotic disease that frequently happens in areas
presenting high population density, poor sanitation and socially vulnerable populations [16].
Therefore, it is a public health issue. The aim of this study was to identify the species of
Sporothrix spp. responsible for feline sporotrichosis, as well as the clinical, phenotypic and

molecular characteristics of the disease cycle in the Amazon region of Sao Luis Island.



58

2. Materials and Methods

2.1 Ethics Statement

The current study was approved by the Ethics Committee on Animal
Experimentation of State University of Maranhdao (CEEA/UEMA), under protocol number
60/2021, and it was conducted in accordance with the National Council for the Control of

Animal Experimentation (CONCEA).

2.2 Study site

The present study was carried out in Sdo Luis Island metropolitan region, which
comprises Sao Luis, S3o José de Ribamar, Pagco do Lumiar and Raposa cities. This region is
located in the Legal Amazon region, in Maranhdo State’s Coastal Region, at the following
geographic coordinates: Latitude 02°22'23" and 02°51'00" South; Longitude 44°26'41" and

43°59'41 west" [30].

2.3 Animals

In total, 46 felines (33 males and 13 females) with no distinction as to age, breed or
sex, who presented skin lesions suggestive of sporotrichosis, and who were treated at
"Francisco Edilberto Uchda Lopes" Veterinary Hospital of State University of Maranhao,
were included in the current study. Animals undergoing treatment with itraconazole or any
other antifungal drug were excluded from the study. After the screening procedure, the
assessed animals were sent to the Dermatology department to undergo clinical examination
of their lesions, anamnesis and clinical history, as well as to collect sample for cytological

and fungal culture tests.

2.4 Cytology

Exudate from animals lesions was collected through exfoliation or imprinting to

make the cytology slides, which, in their turn, were stained with Romanowsky-type stain
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(Rapid Panothic-Laborclin) to enable visualizing cell and fungal structures, based on the

methodology described by [31].

2.5 Fungal culture and phenotypic evaluation

Animals lesions were disinfected with 2% chlorhexidine. Subsequently, lesion
exudate samples were collected with the aid of sterile swab and transported in STUART
medium, where they were kept for up to 48 hours for fungal culture purposes. Then, fungi
were sown on Sabouraud Dextrose agar with chloramphenicol (S.D.A.; BD, Franklin Lakes,
NJ, U.S.A.), incubated in BOD oven at 25 °C, and analyzed on a daily basis to evaluate the
colony growth for up to 21 days [1]. Colonies suggestive of Sporothrix spp. had their
macroscopic features, colony surface topography (flat, irregular and wavy, among others),
texture (yeasty, glabrous, granular, powdery and cottony) and pigmentation (on the colony
surface, colony reverse and diffusion in the medium) assessed. For the phenotypic
evaluation, a colony slide was assembled and stained with lactophenol cotton blue for
microscopic assessment focused on investigating conidiophores size, shape and organization
[32]. After the morphology of Sporothrix genus was confirmed, culture fragments were

collected for DNA extraction and polymerase chain reaction (PCR) assay.

2.6 DNA extraction and polymerase chain reaction (PCR) applied to S. brasiliensis based
on the cal gene

DNA extraction and purification processes were based on the Phenol-Chloroform-
Isoamyl Alcohol protocol described by Sambrook et al. [33], with modifications, such as
incubation time (overnight) and proteinase K addition (400 ug/mL at the final solution).
Species-specific primers were used to amplify the calmodulin (cal) gene, as described by
[34]. PCR amplification was carried out at total volume of 25 pL comprising 250 ng of
extracted DNA, 12.5 puL of PCR master mix (PROMEGA) and 0.2 uM of each primer. The

following cycling parameters were adopted (K960 Thermal Cycler, PCR Gene Mate Series):
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initial denaturation at 94 °C, for 15 min; 35 denaturation cycles at 94 °C, for 30 s; annealing
at 59 °C, for 90 s; extension at 72 °C, for 1 min; and a final 10-min extension step at 72 °C.
PCR products were observed on gel stained with SYBR ® Safe DNA Gel Stain and

visualized under UV light, after electrophoresis (60 V, 40 minutes).

2.7 Amplified products purification and sequencing
The amplified product was purified using commercial kit Wizard® SV Gel and PCR

Clean-Up System (Promega®), in compliance with the manufacturer’s recommendations.
Purified DNA was quantified in NanoDrop 2000 spectrophotometer (Thermo Scientific, San
Jose, CA, USA). Sequencing was carried out in ABI PRISM 3700 Analyzer sequencer
(Applied Biosystem, Foster City, CA, USA), based on the dideoxynucleotide chain

termination method [35].

2.8 Phylogenetic Analysis

Sequences electropherograms were assessed in FinchTV 1.4 software (Geospiza).
The consensus sequence corresponding to forward and reverse DNA strands was generated
in CAP3 - Sequence Assembly Program (PRABI-Doua). Then, nucleotide sequences saved
in "FASTA" mode were aligned with other homologous sequences of the same sequenced
gene, which were taken from the Genbank database. Cal gene sequences were aligned based
on using the Clustal/W tool via Bioedit 7.2 [36] and manually adjusted; the adopted
alignment size was 460 bp, and the alignment process included gaps. Outgroup sequences
deriving from Histoplasma capsulatum (U12505.1) were herein used. The phylogenetic tree
was built in compliance with the Maximum Likelihood (ML) method, based on using the
best Kimura 2-parameter evolutionary model [37]. Clade support used for the analyses was
assessed through bootstrap analyses [38] applied to 1,000 repetitions in MEGA10 software

[39].



61

3. Results

3.1 Clinical assessment

Fourteen (14) out of 46 (30%) cats presented the localized sporotrichosis, whereas
32 out of 46 (70%) animals presented its disseminated form (Table S1). Lesions found in
animals affected by the localized form of this disease were observed on their snout, ear, right
thoracic limb, scrotal sac, right pelvic limb and near their caudal abdominal breasts (Figure
1). In total, 26% (12/46) of the assessed cats presented respiratory symptoms, sneezing or
nasal secretions. Animals affected by the disseminated cutaneous clinical form of this
disease mostly presented lesions distributed on their face, ears, back of the thoracic region,
and pelvic and thoracic limbs (Figure 2). The most severe lesions were seen on cats digits

and snout.

Figure 1. Skin lesions in cat presenting the localized cutaneous clinical form of feline
sporotrichosis. (a) Feline presenting ulcerated lesion on a palmar pad of the right thoracic
limb. (b) Ulcerated plaque-like lesions with erythema and crusts near the left ear of a feline
diagnosed with sporotrichosis. (¢ and d) Ulcerated lesions on the nasal plane of a feline.
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Figure 2. Cat affected by the disseminated form of feline sporotrichosis. (a) Circular,
ulcerated lesion on the back of the pelvic region. (b) Multiple ulcerated lesions with gummy
appearance on the left thoracic limb. (¢) Nodular lesion on the snout and small ulcer on the
left upper lip. (d) Ulcerated lesion on the digit of the right thoracic limb.
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3.2 Cytology

Microscopic examination has evidenced chronic inflammatory process with

prevalent hypersegmented and degenerated macrophages, as well as neutrophils, associated

with cigar-shaped yeasts features typical of the Sporothrix spp. (Figure 3).

Figure 3. Swab from feline lesion showing free and intracytoplasmic yeast forms suggesting
Sporothrix sp. in macrophages. Rapid panoptic staining. 20um.

3.3 Phenotypic assessment of fungal culture

Colonies color ranged from white to cream after 5-7 days. Colonies presented uneven
surface and, later on, their color changed to brownish/blackish (Figure 4). All analyzed
samples presented hyaline, septate and branched hyphae, as well as several conidiophores
with oval-to-rounded microconidia at their apex, which are organized in daisy bouquet-like

arrangement (Figure 4) typical of genus Sporothrix.
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Figure 4. Macro and microscopic analysis applied to Sporothrix brasiliensis culture. (a)
Macromorphology of colonies of a Sporothrix spp. isolate. Dark-color colony featuring
melanin presence, after 14 days growing on Sabouraud Dextrose Agar added with
chloramphenicol, in BOD incubator, at 25 °C. (b) Optical microscopy (100x) applied to
Sporothrix spp. shows hyaline and septate hyphae, as well as conidiophores presenting daisy
bouquet-like microconidia at their ends.

3.4 Polymerase chain reaction (PCR) molecular detection of S. brasiliensis based on the
cal gene

All samples presented amplified product of 469 bp for the cal gene of S. brasiliensis

(Figure 5).

Figure 5. Agarose gel electrophoresis (1.5%) of PCR for the cal gene of Sporothrix
brasiliensis from samples collected in cats with sporotrichosis. 1 and 17: molecular weight,
2: positive control, 3: negative control, 4 to 16: sporotrichosis-positive samples

3.5 BLASTn analysis of sequenced products

In total, 15 positive samples deriving from different collection intervals (5 samples

from localized clinical cases, and 10 samples from animals presenting the disseminated
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cutaneous clinical form of the disease) were selected by considering those presenting the
highest DNA concentration for genetic sequencing. Five (5/15) of them were quality
sequenced. BLASTn analysis has evidenced isolates genetic identity ranging from 90% to
100% with sequences of S. brasiliensis (cal gene) that were previously deposited in the
GenBank of isolates collected from different hosts and locations, such as felines, dogs and
humans. Isolates location, identity rates, and Query Cover and e-value parameters of the
analyzed samples are shown in Table 1. Consequently, only the remaining five samples were

used for phylogenetic analysis purposes.

TABLE 1. Results of BLASTn analysis applied to Sporothrix sequences based on the cal

gene.
Scientific
Sample Query E-value Identity rate Local Host Access
ID name Cover number
Sporothrix MH453930Q
: POTOLATiX 91% 0.0 97.39% Brazil Felis catus 8655190L953
Felis brasiliensis 013
catus 66
Felis Sporothrix fani’cllirclzlrsislu?[fmo ORO373210N
g 100% 0.0 98.89% Brazil . ’ . 39799301888
catus 86 brasiliensis sapiens and Felis 138
catus
. . . MT783949M
Felis Spor.o.thrl).c 99% 0.0 99 54% Portugalh Felis catus'and H453938KJ76
catus 97 brasiliensis and Brazil Homo sapiens 9111
Felis . . MT7839380P
catus Sporothrix 100% 0.0 98.89% Portugal  Homo sapiens and ¢ 1561\ 1y
brasiliensis and Brazil Felis catus
108 3942
Felis . Homo sapiens,
catus Sp OI’.O.l‘h}"l).C 100% 0.0 100.00% Brazil Canis lupus ON3980010R
brasiliensis e 037312
110 familiaris

3.6 Phylogenetic analysis applied to S. brasiliensis based on the cal gene

In total, 36 homologous sequences were selected and aligned with four consensus

sequences obtained in the current research in order to analyze isolates phylogenetic
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evolution. DNA sequences deriving from S. brasiliensis, S. schenckii, S. globosa, S.
mexicana, S. albicans and S. pallida were analyzed. The tree shown in Figure 6 has four
clades in its topology, which is formed by S. brasiliensis, S. schenckii, S. globosa and S.
mexicana; all species recorded high support degree. The five isolates deriving from cats
assessed in the current study were grouped in a clade presenting high support degree
(bootstrap 98%) and sequences deriving from species S. brasiliensis, a fact that confirmed
their phylogenetic association with this fungal species. The S. brasiliensis clade comprises
several sequences that were previously detected in Homo sapiens (KC693868, JX077113
and KF048980), Canis lupus familiaris (OR037312) and Felis catus (MZ261816), in Brazil.
This clade also presented this microorganism in Portugal (MT783949) and Spain

(AM116886 and AM116877).

Figure 6. Phylogenetic classification of Sporothrix brasiliensis isolated from cats in the
Amazon region. The evolutionary history was inferred using the Neighbor-Joining method.
The percentage of replicate trees in which the associated taxa clustered together in the
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KC693856.1 Sporothrix brasiliensis strain Ss79 calmodulin (cal) gene RJ-Brazil

KJ002396.1 Sporothrix brasiliensis stran UNIFESP $5295 calmodulin (CAL) gene SP-Brazl
JF313354.1 Sporothrix brasiliensis isolate Ss-54 calmodulin (cal) gene DF-Brazil

KF048980.1 Sporothrix brasiliensis strain HUPE114500 calmodulin (cal} gene Homo sapiens DF-Brazil
- AM116886.1 Sporothrix schenckii partial cal gene exons 3 and 4 human skin lesion Spain
0Q473612.1 Sporothrix brasiliensis isolate HC19 calmodulin (CAL) gene PE-Brazil

MZ261816.1 Sporothrix brasiliensis strain PB 49 calmodulin (CAL) gene Felis catus PB-Brazil
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KP101464.1 Sporothrix globosa strain CBS 129722 calmodulin (cal) gene China
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bootstrap test (1000 replicates) are shown next to the branches. This analysis involved 28

nucleotide sequences based on the cal gene. Evolutionary analyses were conducted in
MEGA X.

4. Discussion

To the best of to our knowledge, the current study was the first to perform
phylogenetic analysis in isolates deriving from Sao Luis Island (MA), as well as from the
entire state, and to confirm S. brasiliensis incidence in the analyzed cats. The herein collected
samples were grouped to Brazilian sequences deriving from isolates collected in humans,
felines and canines from different states, such as Paraiba, Rio de Janeiro, Sdo Paulo, the
Federal District, Pard, Pernambuco and Minas Gerais, as well as in countries like Portugal
and Spain. S. brasiliensis clade is a mixed clade formed by isolates deriving from clinical
species that affect both animals and humans [40], and that circulate widely among Brazilian
hosts.

Sporothrix spp. fungus is found in nature in decaying organic matter, soil and tree
bark, occurring frequently in regions with a tropical and subtropical climate [41], similar_to
that observed in regions of the Amazon biomes that have high humidity, high rainfall and
large areas of vegetation, comparable to that observed in the state of Maranhdo, which
facilitates the development of this species in our region. The herein collected molecular data
is used to help clinical, cytological and phenotypic diagnostic techniques, as well as to
benefit sporotrichosis treatment. This factor has impact on patients clinical evolution and
helps preventing fungal dispersal in both feline and human populations [42, 43].

Sporotrichosis caused by S. brasiliensis leads to severe clinical presentation with
abundant fungal cells in lesions, which, in association with cats social behavior, enables the
infection outspread to both human and non-human hosts. Disseminated sporotrichosis was
the most common clinical manifestation of this disease, more than half of the herein assessed
felines, who mainly presented lesions on their face, ears, back of the thoracic region, and

pelvic and thoracic limbs. According to Macédo-Sales et al. [44], lesions on the head and
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body extremities, such as ear tips and paws, can happen more often, since these areas are
more exposed during fights or come into contact with the soil or plants.

Extracutaneous symptoms, such as lesions in the nasal mucosa, sneezing and
dyspnea, were less frequently observed. According to Pereira et al. [45], the main
extracutaneous signs of sporotrichosis are associated with patients respiratory tract. In
addition, they often precede skin lesions or are observed in animals without lesions [46].
Respiratory symptoms can be an important disease transmission route to humans, since they
enable fungal outspread due to humans contact with secretions at the time handle sick
animals.

Thermal dimorphism, biofilm formation, adhesins and melanin production are the
virulence factors previously identified in species S. brasiliensis species, which contribute to
its more aggressive behavior [47-49]. Progressive culture darkening associated with melanin
production was the main feature observed in fungal culture of genus Sporothrix specimens.
Melanin primary function is to help protecting the fungus from the host, since this pigment
can resist reactive oxygen species (ROS) and nitric oxide (NO), besides protecting hosts
against UV radiation, as shown in previous studies [50-51].

Although fungal culture and molecular techniques are excellent diagnostic tools,
cytological assessment enables the fast, cheap and accessible sporotrichosis diagnosis in
cats, mainly in social vulnerability regions, since it enables visualizing a large number of S.
brasiliensis specimens in smears deriving from skin lesion exudates [15, 52].

Sporotrichosis outspread in the country is associated with different factors, such as
lack of active epidemiological surveillance aimed at small animals, lack of national registers
for disease notification in both animals and humans, as well as the development of new and
more sensitive diagnostic tests to make sick animals notification and treatment easier to help

reducing the disease-spreading risk.
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5. Conclusions
Based on the assessed data, species S. brasiliensis accounts for infecting felines
living in an Amazon region. The herein assessed felines mostly presented the disseminated
cutaneous form of sporotrichosis. Lesions observed in animals presenting the localized
cutaneous form of it were limited to their faces. The fungal isolates obtained in this study
showed a high degree of support when compared to sequences isolated in other regions of
the country, confirming the expansion of the disease. It is necessary developing public
policies and providing health education on this disease to guide animal guardians and to

mitigate sporotrichosis progression to other regions in the investigated state.
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CONCLUSAO

e Aespécie S. brasiliensis € responsavel pela infeccao de felinos na ilha de Sdo Luis.

e (Gatos machos ndo castrados e com livre acesso a rua representam o principal grupo
de risco para aquisi¢ao da doenga.

e Nos felinos avaliados, observamos predominio da forma cutanea disseminada, e
naqueles que apresentaram a forma cutanea localizada, as lesdes ficaram restritas a
face.

e E necessario desenvolver politicas ptblicas e educagio em satide sobre a doenga para

orientar os tutores e reduzir a progressao da doenga para outras regides do estado.



