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Resumo

A esporotricose € uma zoonose emergente e de distribuicdo mundial causada
pelo fungo do género Sporothrix spp. O Brasil concentra 0 maior nimero de
casos de infecgdes humanas e animais do mundo, com surtos urbanos
associados especialmente ao S. brasiliensis, espécie de maior viruléncia. O gato
doméstico € a espécie mais susceptivel a quadros infecciosos e desempenham
um papel crucial na disseminagdo do fungo, desenvolvendo lesdes cutaneas
ulcerosas e, geralmente, disseminadas, com alta carga fungica. AlteracGes
laboratoriais sdo frequentemente observadas em felinos infectados, tornando
relevante a identificacdo de correlagdes no perfil sanguineo desses animais e a
busca por marcadores que indiquem o agravo das lesdes. Este estudo avaliou
70 prontuarios de gatos diagnosticados com esporotricose e que possuiam
exames laboratoriais em suas fichas de atendimento. O método de anélise de
componentes principais foi utilizado para reduzir a dimensionalidade dos dados
e correlacionar as variaveis mais relevantes. Ademais, 0 modelo de regressao
logistica binaria foi empregado para desenvolver um modelo preditivo
relacionado a evolucdo dos tipos de lesdes cutaneas observadas na
esporotricose felina. Entre variaveis hematologicas e bioquimicas analisadas, a
proteina plasmatica total foi identificada como um importante marcador
prognostico de agravo em infec¢des cutaneas associadas ao fungo Sporothrix,

sobretudo em sua forma disseminada.

Palavras-chave: Fungo; gatos; lesbes cutaneas; proteinas; Sporothrix.
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Abstract

Sporotrichosis is an emerging zoonotic disease with global distribution, caused
by fungi of Sporothrix genus. Brazil reports the highest incidence of human and
animal infections worldwide, with urban outbreaks predominantly associated to
Sporothrix brasiliensis, the most virulent species. Cats are particularly susceptible
to infection and play a key role in fungal transmission, frequently developing
ulcerative and disseminated cutaneous lesions associated with high fungal
burden. Infected cats commonly exhibit abnormalities in blood profile,
underscoring the importance of identifying correlations in blood analytes and
searching indicative markers of lesion progression. This study evaluated 70
clinical charts of cats diagnosed with sporotrichosis and with blood analyses
included on the records. Principal component analysis was applied to reduce data
dimensionality and identify significant correlations. Additionally, binary logistic
regression was employed to develop a predictive model related to cutaneous
lesions evolution in feline sporotrichosis. Among hematological and biochemical
variables analyzed, total plasma protein concentration was identified as a
potential predictor for cutaneous infections caused by Sporothrix species,

especially in the disseminated pattern.

Key words: Cats; fungus; proteins; skin lesions; Sporothrix.
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1 Introducéo

A esporotricose é uma micose subcutanea causada pelo fungo do género
Sporothrix spp. A doenca € endémica em diversas regides do mundo, sendo o
Brasil o pais com o maior niumero de casos notificados. O fungo habita o solo,
matéria organica em decomposicdo e vegetacdo, sendo sua incidéncia
crescente em areas urbanas e periurbanas. E considerada uma zoonose com
alto impacto na saude publica, devido aos seus aspectos epidemioldgicos
estarem ligados a areas com alta densidade populacional e condicfes sanitarias
precarias. Os gatos apresentam papel crucial na propagacéo do fungo, sendo a

espécie com maior suscetibilidade a infec¢éo.

O fungo é fortemente adaptado a regifes de clima tropical e subtropical,
tendo maior prevaléncia na Ultima década em estados do sudeste e sul do Brasil,
como: Rio de Janeiro, Minas Gerais, Sdo Paulo, Parana e Rio Grande do Sul. O
Parand enfrenta um aumento nas notificacbes em gatos nos ultimos anos,
evoluindo de 363 casos em 2020 para 3.290 (2023). A maior incidéncia esta
localizada na capital Curitiba e regido metropolitana, principalmente em bairros

periféricos e de menor estrutura habitacional.

No contexto clinico, a esporotricose felina apresenta manifestaces
clinicas variadas que podem incluir lesdes nodulares, ulceradas e geralmente de
aspecto granulomatoso, com grande potencial de disseminacao sistémica. Afeta
principalmente a regido da face, cervical e membros. A propagag¢ao ocorre
sobretudo por meio de arranhdes e/ou mordeduras, sendo relacionado a alta
incidéncia de animais com acesso a rua, machos, adultos e ndo castrados. A
vigilancia epidemioldgica e o diagndstico precoce sdo essenciais para evitar a

disseminagéao e reduzir a morbidade associada a doenca.

A confirmacdo da infeccdo fungica pode ser realizada por diferentes
métodos diagnosticos, como: analises citologicas, culturas fangicas,
histopatolégicos e testes soroldgicos ou moleculares. Exames de triagem, como

analises hematoldgicas e provas bioquimicas, sdo importantes para a avaliagdo
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diagnostica inicial e no acompanhamento do tratamento dos pacientes

diagnosticados com esporotricose.

Por ser uma doenca emergente de impacto zoondético e pela facilidade do
S. brasiliensis em causar novos surtos e epidemias entre gatos domésticos, a
identificacdo de correlacdes no perfil da resposta sanguinea desses animais
poderia auxiliar na definicdo de um prognastico inicial para o individuo, contribuir
para o desfecho clinico mais favoravel dos animais doentes e, no contexto da
salude Unica, diminuir o impacto de transmissao zoondética dos gatos no ciclo
epidemiolodgico do fungo. Além disso, o desenvolvimento de modelos de predigédo
de doencas, especialmente zoondéticas, contribuem na identificacdo de padrbes
clinicos e epidemiolégicos, além de possibilitar a implementacdo de medidas

preventivas que mitigam riscos a populacao e aos animais.
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2 Revisado de literatura
2.1 Defini¢éo e etiologia

A esporotricose € uma zoonose de etiologia micética causada por fungos
do género Sporothrix spp. Pertencente a familia Ophiostomataceae, ordem dos
Ophiostomatales, o género Sporothrix possui atualmente 53 espécies, sendo S.
schenckii, S. brasiliensis, S. globosa e S. luriei emergentes e causadoras de
infeccbes cutaneas em humanos e outros mamiferos (RODRIGUES; HAGEN;
DE CAMARGO, 2022).

As espécies de Sporothrix apresentam diferengas relacionadas com a
prevaléncia, de acordo com a localizacdo geografica, o grau de viruléncia e
patogenia, origem ambiental e sensibilidade aos antifiungicos. S. brasiliensis é
reconhecida como a espécie de maior grau de viruléncia e considerada o
principal agente etiolégico causador da esporotricose em gatos e humanos
(ETCHECOPAZ et al., 2021).

O fungo é dimorfico e espécies como S. Schenckii e globosa podem ser
encontradas em solos ricos em matéria organica sob a forma filamentosa. O
outro formato, leveduriforme, é encontrado quando cultivado em temperatura de
37°C e em parasitismo no hospedeiro vertebrado. Os seres humanos e,
principalmente os felinos, sdo mais suscetiveis a infeccdo devida suas
temperaturas corporeas serem consideradas ideais para o desenvolvimento
fangico. (LOPES-BEZERRA et al., 2018; GREMIAO et al., 2017; RABELLO et
al., 2021;).

2.2 Historico e epidemiologia

A esporotricose foi descrita pela primeira vez em humanos nos Estados
Unidos da América (EUA) em 1898, por Schenck, sendo isolada e descrita como
causada por um fungo do género Sporotrichum. Em 1900, Hektoen e Perkins
relataram um caso semelhante e, a partir do mesmo isolamento, os autores
descreveram a espécie como sendo Sporothrix schenckii. Em 1912, De

Beurmann e Gougerot publicaram mais de 200 casos registrados na Franca ao
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longo de 10 anos (SCHENCK, 1898; HEKTOEN; PERKINS, 1900; DE
BEURMANN; GOUGEROT, 1912).

A primeira descricdo de esporotricose humana e animal no Brasil ocorreu
em conjunto, em 1907, por Lutz e Splendore. Os autores isolaram o S. schenckii
a partir de lesbes em ratos, e ressaltaram a possibilidade de transmissao a partir
de mordedura, pois o agente foi isolado na cavidade oral destes animais. Em
gatos domésticos, o primeiro relato de caso de esporotricose naturalmente
adquirida ocorreu nos EUA em 1952, por Singer e Muncie, e em 1956 no Brasil
(FREITAS; MIGLIANO; ZANI NETO, 1956; LUTZ; SPLENDORE, 1907).

No Brasil, a infeccdo foi descrita em diferentes hospedeiros, como
equinos, caninos, felinos, ratos e bovinos, além de seres humanos (MACEDO;
COSTA, 1978; COPETTI et al., 2002). Estudos apontam maior suscetibilidade a
infeccéio aos gatos domésticos (GREMIAO et al., 2017; RABELLO et al., 2021).

Atualmente, as espécies de Sporothrix estdo distribuidas globalmente e
novos surtos e epidemias sdo registrados em diferentes regibes, sendo S.
brasiliensis o principal responsavel por epizootias urbanas da doenca.
MORGADO et al. (2022) mencionam a América do Sul como continente de maior
prevaléncia de esporotricose animal, seguida da Asia e Europa. A espécie S.
luriei é encontrada com frequéncia na Africa do Sul. A S. globosa esta presente
nos Estados Unidos, China, Jap3o, Italia, Espanha, Reino Unido, india, Argentina
e Venezuela (MORRIS-JONES, 2002; GREMIAO et al., 2020; HERNANDEZ-
CASTRO et al.,, 2022; THOMSON et al., 2023). Um estudo recente também
identificou casos de esporotricose felina na Australia, com transmissao
zoonotica, ampliando sua distribuicdo geogréafica e reforcando o problema de
saude global emergente (MIRANDA et al., 2024).

A espécie identificada com maior grau de patogenicidade, Sporothrix
brasiliensis, foi descrita como restrita a América do Sul por THOMSON et al.
(2023). Porém, estudos recentes evidenciam animais e humanos portadores do
fungo, que sairam do Brasil, sendo entéo relatados em outros paises como Reino
Unido, EUA, Chile e Argentina (ETCHECOPAZ et al., 2021; BARNACLE et al.,
2023; THOMSON et al., 2023; XAVIER et al., 2023).
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A prevaléncia do fungo esta relacionada a regifes de clima tropical e
subtropical, sendo considerada a micose de implantacdo mais comum em
humanos e gatos na América Latina, apresentando-se endémica em diversas
regides. Atualmente, o Brasil € o pais que concentra 0 maior numero de casos
de esporotricose felina e humana (GREMIAO et al., 2021; SILVA; NEGRINI,
2023).

Em 2023, a Organizacdo Mundial da Saude (OMS) definiu a doenga como
uma zoonose negligenciada devido ao impacto significativo na saude publica
(WHO, 2023). A incidéncia de esporotricose animal esta relacionada a areas de

baixa estrutura higiénico-sanitéria e habitacional (CRUZ, 2022).

Inimeros casos de infec¢do por S. brasiliensis foram relatados em gatos
e seres humanos no Rio de Janeiro desde 1998. Segundo dados da Fundacéao
Oswaldo Cruz (FIOCRUZ), até 2015 foram 4.703 gatos domésticos
diagnosticados com a infeccdo. Desde entdo, estados da regido sudeste e sul
do pais vem enfrentando uma crescente no nimero de surtos (RODRIGUES; DE
HOOG; DE CAMARGO, 2016; GREMIAO et al., 2017).

Mais de 90% dos surtos urbanos de esporotricose humana e felina no
Brasil sdo relacionados ao S. brasiliensis (THOMSON et al., 2023). A espécie €
adaptada aos tecidos de mamiferos, que desempenham papel principal nos
surtos urbanos e auxiliam na propagacdo da doenca, como observado no
municipio de Curitiba, no estado do Parana (RUNCOS et al., 2017; CRUZ, 2022).

O estado do Parana enfrenta uma expanséo dos casos notificados de
esporotricose humana e animal no decorrer dos ultimos anos (PARANA, 2024).
A partir da Resolucdo da Secretaria de Estado da Saude do Parana (SESA)
namero 093/2022, o governo do Estado definiu a infeccdo como de interesse
estadual e notificagdo compulsoria nos servigos de saude publicos e privados de
todo o seu territorio, sendo o primeiro estado do Brasil a ceder o medicamento

para tratamento dos casos de esporotricose animal (PARANA, 2024).
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De acordo com a SESA-PR, os dados preliminares referentes as
notificacdes dos casos de esporotricose humana e felina no estado do Parana

em 2024, no periodo até junho, foram obtidos e estdo apresentados na Figura 1.

Paranavai

Namero de casos
notificados em gatos

0

1a4

‘ - 5a30
(Gampo Mourao Il 312100
B 02300
W 1000
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Francisco Beltrdo &

Unido da Vitoria

Argentinal . 8 100 km

Fonte: SESA 2024

FIGURA 1. Casos de notificac@o de esporotricose humana e felina no estado do Parana, no ano
de 2024 (janeiro a junho), segundo SESA-PR. A diviséo esté realizada segundo as Regionais de
Saude do estado. (Adaptado pelo AUTOR, 2024).

O historico das notificagbes em gatos no estado foi de 731 casos no ano
de 2021, 1.412 em 2022, 3.290 casos em 2023 e, até o0 més de junho de 2024,
sdo 2.004 notificagbes, demonstrando a continua propagacao do fungo por
praticamente todo o Parana (PARANA, 2024).

s

Curitiba, a capital do estado, € o municipio com o maior indice de
Desenvolvimento Humano Municipal (IDHM) do Parana, segundo o IBGE
(Instituto Brasileiro de Geografia e Estatistica) de 2010 (IBGE, 2010). Apesar
deste contexto, ha distintos padrdes populacionais, com areas de menor
estrutura urbana, alta densidade demogréafica e rede sanitaria precaria. Em
estudo realizado com 190 gatos atendidos e diagnosticados com esporotricose
nos anos de 2016 a 2020, a analise epidemioldgica constatou que a maior
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concentracdo de casos ocorria em bairros de zonas periféricas da cidade e
regido metropolitana, sendo que 64% dos gatos tinham acesso a rua (CRUZ,
2022).

O ciclo epidemiologico envolve uma triade entre felinos, humanos e
ambiente. A disseminacdo da esporotricose esta relacionada com fatores de
vulnerabilidade socioecondmica, baixa educacédo em saude, posse irresponsavel
de animais e a falta de estrutura higiénico-sanitaria as populacdes
(ETCHECOPAZ et al., 2021; CRUZ, 2022).

A doenca acomete principalmente gatos machos, adultos, ndo castrados
e sem raca definida, muitos deles semidomiciliados ou em situacdo de rua
(GONCALVES et al., 2019). Esses animais séo vulneraveis a qualquer tipo de
infeccdo e os maiores responsaveis pela disseminacao do fungo em meios
urbanos (CRUZ, 2022; MIRANDA et al., 2018).

O padrao vulneravel dos felinos € decorrente dos habitos inerentes a
espécie, que varia entre afiar as garras, enterrar dejetos em solo e a lambedura
corporal como forma de autolimpeza (SILVA; NEGRINI, 2023). O patdgeno se
abriga nas garras, leitos ungueais e cavidade oral do animal, sendo transmitido
através de arranhadura, mordedura, contato com exsudatos lesionais com alta
carga parasitaria e aerossois (RODRIGUES et al., 2020; XAVIER et al., 2023).

2.3 Aspectos clinicos

2.3.1 Esporotricose felina

A lesao inicial ocorre no local da inoculagéo e tem aspecto nodular e firme,
inicialmente de evolugdo subaguda, mas tendendo a evolucdo crénica, com
necrose de liquefacdo e aparecimento de ulceragcdes ao longo do tempo,
presencga de exsudatos purulentos e/ou serosanguinolentos (STEFANISZEN et
al., 2023). Em gatos, acomete os tecidos cutaneo, subcutaneo e a rede linfatica,
podendo disseminar para outros Orgaos e evoluir para infeccbes sistémicas
(SCHUBACH et al., 2004). O periodo de incubacao da esporotricose pode variar
de acordo com a forma de exposicdo ao fungo (GREMIAO et al, 2021). Quando
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a infeccdo ocorre pela forma de levedura, o periodo de incubagdo é de
geralmente 14 dias. Em casos de infeccdo a partir de formas hiféides
provenientes do ambiente, este tempo pode ser superior a 3 ou 4 semanas
(THOMSON et al., 2023).

Apesar de serem sinais inespecificos, os gatos podem apresentar letargia,
depressao, anorexia e febre. Eventualmente, ha acometimento sistémico sem a
presenca de sinais clinicos evidentes, sendo relatados quadros assintomaticos
da doenca (GREMIAO et al., 2020).

A esporotricose felina pode se manifestar com lesfes cutaneas unicas
(fixa), maltiplas (disseminada), extracutaneas ou linfocutaneas. Comumente ha
0 desenvolvimento de sinais sistémicos, com envolvimento de mucosas, levando
a um quadro disseminado da doenca (DE SOUZA et al., 2018). A mucosa nasal
€ a mais acometida, mas as lesdes podem ser observadas pela face, regido
cervical e membros, sendo frequente a ocorréncia de trés ou mais lesdes
(GREMIAO et al., 2021; SCHUBACH et al., 2004).

SANTOS et al. (2023) mapearam a distribuicdo de lesdes de 102 gatos
diagnosticados com esporotricose, os resultados estdo demonstrados na Figura
2.
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FIGURA 2. Regides anatdmicas mapeadas e as porcentagens (%) de acometimento (Fonte:
SANTOS et al., 2023).

O padréo lesional da cutdnea fixa é caracterizado por ser Unico e
localizado no ponto de inoculacao do fungo. Ha desenvolvimento de um nédulo
firme, com inflamacdo peri-lesional que tende a ulceracdo (cancro
esporotricotico). A infeccdo geralmente permanece restrita ao local (MORGADO
et al., 2011).

As lesdes disseminadas representam a forma clinica mais encontrada na
esporotricose felina (BOECHAT et al., 2022). S&o lesdes multiplas, geralmente
em mais de trés locais, caracterizadas por placas ou nédulos cutaneos de centro
ulcerados (Figura 3A e B), lesdes ulcerosas, exsudativas, crostosas e
coalescentes, com alta carga de leveduras (GREMIAO et al., 2015; MIRANDA et
al., 2018). Pode estar associado com sinais respiratorios, lesdes intranasais e
disseminacéo linfatica (DE SOUZA et al., 2018).
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Zonas de necrose também podem se expandir em alguns animais pelo
tecido subcutaneo e levar a exposicdo muscular e/ou 6ssea (RODRIGUES;
HAGEN; DE CAMARGO, 2022; SANTOS et al., 2023).

A forma extracutanea esta associada a presenca de sinais respiratorios,
oftdlmicos ou sistémicos, que podem aparecer em conjunto com outros quadros
lesionais (GREMIAO et al., 2021). Os sinais clinicos respiratorios s&o
caracterizados pela presenca de espirros, estridulos e descargas nasais, com
lesbes em ponte nasal ou granulomas intranasais, que podem preceder a

presenca de lesdes cutaneas (CRUZ, 2022).

Lesbes oftdlmicas também sdo relatadas e caracterizadas por
blefaroconjuntivite granulomatosa, uni ou bilateral (VOESE, 2021). A presenca
de mudltiplas ulceras na pele de felinos foi associada a sua disseminacao
extracutanea (GREMIAQO et al., 2021). Um estudo evidenciou o isolamento de
Sporothrix spp. em gatos a partir de exames histopatoldgicos dos pulmdes, baco,

linfonodos e regido nasal com envolvimento 6sseo (SANTOS et al., 2023).

FIGURA 3. Felino apresentando quadro disseminado de esporotricose, apresentando multiplas
ulceracdes exsudativas e serosanguinolentas na regido da face (A) e lateral (B) do corpo. (Fonte:
PUCPR, 2022)
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Gatos portadores de doencas imunodepressoras, como a causada pelo
virus da leucemia felina (FeLV), podem ser suscetiveis a doencas fangicas
(DAVIES; TROY, 1996). Apesar da FeLV nédo ser um fator predisponente para o
desenvolvimento da esporotricose, de acordo com Miranda et al. (2018) pode ser
considerado um fator agravante do quadro clinico da doenca (RABELLO et al.,
2021).

2.3.2 Esporotricose humana

Em seres humanos, é comumente observado o quadro lesional
linfocutaneo (Figura 4), caracterizado por um foco de lesdo cutanea inicial,
linfangite ascendente, multiplas lesdes nodulares que se distribuem ao longo do
trajeto linfatico e linfadenite regional (CRUZ, 2022). A leséo cutéanea fixa € a

segunda forma clinica mais comum, mas sem envolvimento linfatico.

Em centros urbanos, a forma mais importante de transmissao a humanos
€ pela via zoondtica, majoritariamente através dos gatos (RODRIGUES et al.,
2022). Esses animais, muitas vezes domiciliados e com acesso a rua, adquirem
o fungo ao entrarem em contato com animais infectados durante seus
deslocamentos. Ao retornarem ao ambiente doméstico, transmitem a infec¢éo
aos tutores por meio de arranhaduras ou mordeduras. Em estudo de COGNIALLI
et al. (2024), hd uma prevaléncia maior da infeccdo em mulheres adultas

envolvidas em atividades domésticas.

Ocasionalmente a infecgcdo pode ocorrer pela inalagdo de conidios,
favorecendo o aparecimento da forma pulmonar (MIRANDA, 2013). A
esporotricose humana € importante em casos de individuos
imunocomprometidos e infectados pelo virus da Imunodeficiéncia Humana (HIV),
pois se manifesta de forma mais agressiva e com possibilidade de disseminacé&o

sistémica (RABELLO et al., 2021).
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FIGURA 4. Aspecto lesional linfocutdneo de esporotricose cutdnea em membro anterior na
superficie extensora do antebraco direito de uma mulher. (Fonte: CRUZ, 2022)

2.4 Resposta imunoldgica

A resposta imune desencadeada pela exposicdo ao fungo Sporothrix
envolve a imunidade inata e adaptativa, que podem ser iniciadas através do
reconhecimento das células epiteliais e da ativacdo de receptores Toll-like (TLR)
presentes nas primeiras células fagocitarias enviadas pelo hospedeiro (CARLOS
et al., 2009; MIRANDA, 2013).

A resposta imune celular desempenha um papel fundamental nas
infeccbes em felinos, especialmente por meio da formacdo de um processo
granulomatoso. O envolvimento de macréfagos e linfocitos T CD4+ é
evidenciado, sendo o aumento de células CD4+ associadas aos linfocitos T
auxiliares do tipo 1 (Thl) estdo relacionados a lesGes Unicas, de baixa carga
fingica e uma resposta imune organizada (MIRANDA et al., 2016; GREMIAO et

al., 2017).
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A forma eficaz do granuloma é capaz de controlar a expansao flngica e
destruir o agente, por fagocitose, pelo Sistema Monocitico Fagocitario (SMF) e
células T citotoxicas. (MIRANDA et al., 2016). VAN DE VEERDONK e NETEA
(2010) sugerem que, em infec¢des flngicas, a resposta imune do hospedeiro
parece depender de uma resposta do tipo Thl.

Uma resposta imune celular eficiente contra agentes infecciosos esta
ligada a producéo de interleucinas pro-inflamatérias como interleucina-1 (IL-1),
interleucina-6 (IL-6) e Fator de Necrose Tumoral (TNF) (CARLOS et al., 2009).
Essas proteinas sdo produzidas pelos macrofagos, presentes nas respostas
inata e adaptativa. A diminuicdo dessas citocinas em camundongos infectados
por Sporothrix spp. foi associada a uma reducéo da resposta imune, aumento da

carga fungica e piora no estado geral do hospedeiro (CARLOS et al., 1994).

A participacao da resposta imune humoral também é descrita (MAIA et al.,
2006). Citocinas do tipo Th2, como interleucina-10 (IL-10) e a interleucina-4 (IL-
4), sao liberadas durante toda a infeccdo, mas aumentam ao longo das semanas
e podem estar ligadas com a diminui¢ao da imunidade celular (MIRANDA, 2013).

2.5 Achados laboratoriais

No perfil hematoldgico e bioquimicos de caes infectados pelo fungo foi
observado a presenca de anemia (52% dos casos), eosinofilia e neutrofilia. Para
as variaveis bioquimicas, houve a diminuigdo da concentragédo de albumina em
61,8% dos casos e 0 aumento da concentracdo das proteinas plasmaticas totais
em 32% dos animais (SCHUBACH et al., 2006).

As alteracbes hematoldgicas e bioguimicas em gatos descritas nas
infecgbes por Sporothrix geralmente s&o similares com outros quadros
infecciosos e de fungos invasivos, como Cryptococcus sp. e Histoplasma sp.,
sendo hiperglobulinemia e leucograma inflamatério os achados mais comuns
(BARRS et al., 2024).

Anemias ndo-regenerativas, com apresentacdo normocitica e

normocromica, sdo comuns em felinos com esporotricose. Ha, também,
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leucocitose com neutrofilia e presenca de bastonetes. Hipoalbuminemia também
€ um achado comum em pacientes com a lesdo disseminada de esporotricose
(SCHUBACH et al.,, 2004). MADRID et al. (2012) observaram leucocitose,
neutrofilia e anemia como principais alteragbes em gatos com esporotricose,
sendo constatado alteracfes apenas em pacientes com a lesdo cutanea
disseminada. Os felinos com a forma cutanea fixa apresentaram valores dentro

dos parametros de referéncia.

2.6 Diagndstico

O método “padréo ouro” para o diagnoéstico de esporotricose em gatos é
o isolamento e identificacdo do Sporothrix spp. por cultura fungica em agar
Sabouraud dextrose (MIRANDA, 2013). Ocorre o crescimento da fase micelial
em temperatura ambiente (25°C) com posterior crescimento da fase
leveduriforme a 37°C. O material coletado pode ser suabe do exsudato lesional,
aspirado ou biopsia da leséo. O resultado confirmatério pode sair em até 30 dias
(YAO et al., 2020; GREMIAO et al., 2021).

De forma alternativa e presuntiva, séo utilizadas na rotina outras técnicas
de diagnéstico, como: analises citoldgicas e histopatolégicas das lesdes. A
citologia € realizada por impressdo das lesbes em lamina de vidro, com
coloracdo por corantes hematoldgicos rapidos e visualizacédo das leveduras em
microscopio, que sdo caracterizadas por serem envoltas por um halo claro,

pleomorficas e de coloragéo basofilica (Figura 5B) (CRUZ, 2022).

O exame dermatohistopatolégico pode ser realizado a partir de biopsia da
les&o, fixando a amostra em formol a 10% e corando com hematoxilina-eosina
(HE), &cido periodico de Schiff (PAS) ou impregnacédo pela prata de Grocott
(GMS), a fim de definir a etiologia fungica por meio da visualizacéo de estruturas
leveduriformes (DA SILVA et al., 2020; GREMIAO et al., 2015).

Um estudo realizado por SILVA et al. (2018) comparou a sensibilidade
entre trés meétodos diagnosticos para esporotricose felina (andlise citoldgica,

histopatolégica e imuno-histoquimica), sendo constatado maior sensibilidade
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para as analises histopatologicas, desde que coradas com GMS (91,3%),

seguidas da imuno-histoquimica (88,6%) e citologia com 87,0%.
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FIGURA 5. Observacéo de leveduras (B - setas) compativeis com Sporothrix spp. em andlise
citolégica de lesé@o facial em um felino acometido por lesbes cutaneas disseminadas de
esporotricose (A). (Fonte: AUTOR, 2022)

Ensaios imunoenzimaticos (ELISA) podem ser utilizados para o
diagndstico da esporotricose felina (RODRIGUES et al., 2018). Os testes sao
realizados a partir de amostras de sangue e soro dos pacientes e possuem alta
sensibilidade e especificidade (FERNANDES et al., 2011).

A reacdo em cadeia da polimerase em tempo real (RT-PCR) é outro
método diagndstico que pode ser utlizado, principalmente em casos
previamente negativos ou que apresentam baixa carga fangica. A técnica

permite a deteccao do agente e das espécies do fungo (ZHANG et al., 2019).

O diagnostico da esporotricose pode ser dificil nos casos de baixa carga
fungica, sendo necessario 0 uso de mais de uma das técnicas mencionadas
(SILVA et al., 2018). Ademais, o tratamento prévio com antifiingicos topicos ou
sistémicos pode influenciar os resultados dos testes diagnésticos laboratoriais,
reduzindo a sensibilidade dos mesmos (SANTOS et al., 2023).
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O diagnostico precoce da esporotricose felina € essencial para garantir a
prevencao da infeccdo aos humanos, especialmente individuos suscetiveis com
doencas imunossupressoras, criancas e idosos, além de diminuir o crescimento
fangico e a capacidade de transmissdo do agente entre os gatos (GREMIAO et
al., 2020).

A esporotricose felina tem como principais diagndsticos diferenciais
neoplasias, como carcinoma de células escamosas, leishmaniose,
histoplasmose, criptococose, micobacteriose, nocardiose, piodermites

bacterianas e quadros inflamatérios eosinofilicos (GREMIAO et al., 2021).

2.7 Analise de componentes principais

O método PCA (Andlise de Componentes Principais) é uma técnica
estatistica multivariada que analisa uma tabela de dados e extrai as informacdes
mais importantes, comprimindo o tamanho do conjunto de dados e simplificando
sua interpretacdo. Em suma, é fundamentado nos conceitos de selecdo e
extracdo de dados, com posterior reducao da dimenséo. Além disso, € um dos
métodos mais comuns de resumir padrdes de correlacbes entre variaveis,
reduzindo a quantidade de variaveis e as transformando em fatores, que séo
utilizados para reproduzir a matriz de correlagdo. Com este método é possivel
obter a descricdo da relacdo entre as variaveis em vez de apenas uma analise
tedrica, sendo amplamente empregado em casos de multiplas variaveis
correlacionadas (LAM et al., 2005; ABDI; WILLIANS, 2010; TABACHNICK;
FIDELL, 2013).

Os componentes principais sao variaveis criadas atraves de combinacdes
lineares entre as variaveis originais (ABDI; WILLIANS, 2010). A partir disso,
pode-se identificar com maior facilidade tendéncias e padrées de correlacéo de
um conjunto de dados. Geralmente, dois componentes principais sao calculados
na PCA. O componente principal 1 (PC1) captura a maior variabilidade no
conjunto de dados, retendo a maior parte das informacdes. O PC2 (Componente
principal 2) captura a segunda maior quantidade de variagcdo nos dados, ou seja,

aquilo que o PC1 nao conseguiu explicar. Os dois componentes principais néo
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sdo correlacionados entre si e sdo apresentados em um grafico de dispersao
(JOLLIFFE; CADIMA, 2016; ABDI; WILLIANS, 2010).

Embora o método PCA nado seja uma ferramenta preditiva, pode ser
utilizado como um redutor de complexidade dos dados e de melhoria no
desempenho do processo de um modelo de predicdo, a partir da formacéo e
andlise dos componentes principais. O modelo preditivo pode ser realizado por
regressao linear, regressao logistica, maquina de vetores ou arvores de decisdo
(JURAFSKY et al., 2008).

CHANG et al. (2016) utilizaram a analise de componentes principais para
analisar perfis bioquimicos séricos de racas distintas de cdes para identificar
possiveis diferencas fenotipicas e componentes genéticos da espécie. Da
mesma forma, URIBE-QUEROL et al. (2023) utilizaram a mesma sistematica
(PCA), somado a um modelo preditivo, para avaliar a taxa de sobrevivéncia em
cédes com tumores mamarios. Em ambos os estudos, a andlise de componentes

principais obteve resultados satisfatorios.
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3 Objetivos

O objetivo do presente estudo € avaliar se dados clinicos e laboratoriais
usualmente empregados e acessiveis na rotina clinica veterinaria apresentam
indicadores que possam caracterizar a evolucédo e progressao das lesdes de
felinos diagnosticados com esporotricose, contribuindo na identificacdo de
fatores preditivos associados as apresentacdes clinicas da doenca.

A hipotese deste estudo a ser testada € a de que a aplicagdo do método
de andlise de componentes principais (PCA) podera gerar uma correlacdo entre
as variaveis hematoldgicas e bioquimicas obtidas dos gatos confirmadamente
infectados para contribuir no estabelecimento de indicadores preditivos para a

esporotricose felina.
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Simple Summary: Sporotrichosis is a global zoonotic disease caused by the fungus
Sporothrix spp. This fungus has been causing epidemics in urban centers, mainly in
Latin America, with cats being the most susceptible species, serving as major vectors for
disease transmission to humans. Our study investigated the predictive indicators of
disease progression by examining the blood profiles and cutaneous lesions patterns of
70 cats diagnosed with Sporothrix brasiliensis. The results of this study were obtained
by specific statistical analysis that correlated the blood profile of diseased cats with two
cutaneous lesions patterns (fixed and disseminated). Of the 70 cats with confirmed
sporotrichosis, 56 were males, a correlation that is closely linked to the animals’
behaviors of engaging in fighting, scratching trees, and roaming in open areas. In terms
of blood profile, total plasma protein level was recognized as a predictive indicator of
the progression of cutaneous lesion patterns in cats with this fungal infection.

Abstract: Sporotrichosis is a worldwide zoonotic disease that is spreading and causing
epidemics in large urban centers. Cats are the most susceptible species to develop the
disease, which could cause significant systemic lesions. The aim was to investigate and
to identify predictive indicators of disease progression by correlations between the
blood profile (hematological and biochemical analytes) and cutaneous lesion patterns of
70 cats diagnosed with Sporothrix brasiliensis. The higher occurrence in male cats in this

Citation: To be added by editorial study could be related to being non-neutered and having access to open spaces. Principal

staff during production. component analysis (PCA) with two principal components, followed by binary logistic
Academic Editor: Firstname regression, and binary logistic regression analysis, with independent variables and
Lastname backward elimination modeling, were performed to evaluate hematological (n =56) and

Received: 8 November 2024 biochemical (n = 34) analytes, including red blood cells, hemoglobin, hematocrit,

Revised: 23 December 2024 leukocytes, segmented neutrophils, band neutrophils, eosinophils, lymphocytes,

Accepted: 5 January 2025 monocytes, total plasma protein, albumin, wurea, creatinine, and alanine
Published: 9 January 2025 aminotransferase. Two logistic regression models (PCA and independent variables)

were employed to search for a predicted model to correlate fixed (isolated) and
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1. Introduction

Sporotrichosis is a globally disseminated fungal zoonosis caused by
Sporothrix spp. Over 50 species have been identified, with S. schenckii, S.
brasiliensis, S. globosa, and S. luriei being the most frequent agents of
cutaneous infections in humans and animal species, mainly in cats [1,2]. The
infection is prevalent in tropical and subtropical regions, and it is considered to
be the most frequent implantation mycoses in Latin America [3]. Brazil reported
the highest number of globally diagnosed cases in cats and humans, with the
southeastern region recognized as the epicenter of cat-transmitted
sporotrichosis in humans [3,4,5]. More than 90% of urban sporotrichosis
outbreaks are linked to S. brasiliensis, identified as the species with the highest
pathogenicity index [6,7,8].

Cats are susceptible to infection and to disease transmission [3,8]. Species-
specific behaviors, such as contact with soil and organic matter, territorial
disputes, scratching, and biting, are the main sources of fungal propagation,
with traumatic inoculation being the most common route of infection
development [4,7,8,9,10,11]. The spread of sporotrichosis is significantly
influenced by socioeconomic vulnerability and irresponsible pet ownership, as
many infected cats are either semi-domesticated or stray animals [3,7,8,9,10,11].

Studies regarding the immune response in cats infected with Sporothrix are
still limited. Cats generally develop poor granuloma formation and elevated
fungal burdens in lesions, suggesting an inefficient immune response
[1,10,11,12,13,14].

The incubation period for Sporothrix spp. in yeast form is approximately 14
days [3,11]. The initial lesions are firm, nodular, and isolated skin formations
but tend to disseminate over time, progressing to ulcerations, crust formations,
and granulomatous conditions [4,11,14]. The infection affects the skin,
subcutaneous tissues, and lymphatic system, with the potential to disseminate
to other organs, resulting in systemic disease. The clinical manifestations of
sporotrichosis include cutaneous (isolated/fixed or disseminated with or
without respiratory signs), lymphocutaneous, and extracutaneous forms, with
the possibility of multiple presentations in the same animal [10,11,12,13,14,15].
There could be hematological and biochemical changes that could be related to
an inefficient immune response during Sporothrix spp. infection in cats [1,4,10].
The diagnosis of feline sporotrichosis is based on the patient’s epidemiological
profile, anamnesis, and clinical examination, including diagnostic tests such as
fungal culture and lesion cytopathology [16]. Moreover, histopathology,
immunohistochemistry, and molecular techniques can also be employed in
clinical practice [5,14,15].

We hypothesized that hematological and biochemical analytes could be
useful as predictive markers of the development of cutaneous lesions in feline
sporotrichosis. Therefore, the aim of this study was to evaluate these analytes
as potential predictors of lesion pattern differentiation by applying the
principal component analysis method to identify possible correlations between
analytes that could have an effect on the prediction of infection.

2. Materials and Methods

2.1. Ethical Statement
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This study was approved by the Ethics Committee for Animal Use
(CEUA/PUCPR n°8167130623), Curitiba, Brazil, and conducted in accordance
with national legislation on animal protection.

2.2. Animals

This is a retrospective study. Clinical records and laboratory data were
collected from the database of the Veterinary Teaching Hospital of PUCPR from
August 2016 to August 2023. Four hundred and forty-eight patients included
in this study were client-owned clinical cases diagnosed with sporotrichosis. Of
these cats, 292 had laboratory results. However, complete clinicopathological
data were available for only 75 cats. Five animals were excluded for concurrent
diseases. Thus, a total of 70 cats diagnosed with sporotrichosis were included
in this study. Clinical and laboratory data were extracted, including
hematological and biochemical analytes, information regarding the sex of the
animal, and the type of lesion was assessed for fixed cutaneous or disseminated
cutaneous.

2.3. Laboratory Analysis

The diagnosis of Sporothrix spp. infection in all cats (Figure 1A,B) was
confirmed through cytological imprints of lesions in slides and microscopic
visualization of the yeast by Diff Quick staining (Instant Prov Kit; Newprov®,
Pinhais, Brazil) and by fungal culture of lesion exudates using a sterile swab.
Samples were seeded onto Sabouraud dextrose 4% agar, supplemented with
chloramphenicol and mycosel agar, and incubated at 25 °C. Sporothrix spp. was
confirmed upon observed characteristic colony growth, which initially appears
moist and white, by microscopic evaluation (x1000 magnification, Eclipse E200;
Nikon®, Kobe, Japan) and by a lactophenol blue-stained smear to identify the
characteristic hyphae and “daisy-like” clusters of Sporothrix spp. conidia
[17,18].
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Figure 1. (A) Ulcerated cutaneous lesions in the face of a cat with Sporothrix spp.
infection. (B) Cytological imprint (Diff Quick stain) of a Sporothrix spp. cutaneous
lesion in a cat. Note the several yeast-like forms within macrophages (arrows).

Genotyping for Sporothrix spp. was conducted in 58 of the 70 cats. Different
strains were used as a reference. S. brasiliensis 5110 (American Type Culture
Collection MYA-4823) and S. schenckii CBS 130,112 were used as controls for
molecular identification. Sporothrix schenckii CBS 130,112 and S. schenckii CBS
130,113 were used as controls. For amplified fragment length polymorphism
(AFLP) fingerprinting, S. schenckii CBS 130099, S. schenckii CBS 130113, S.
schenckii CBS 130114, S. globosa CBS 130116, S. globosa CBS 130,117, and S.
mexicana CBS 132,926 were included. DNA extraction was performed using
MagNA Pure 96 DNA, following the Pathogen 200 SV protocol (Roche
Diagnostics, Roche Diagnostics GmbH), as previously described [19]. Briefly, a
small portion of each culture was placed in a microtube with lysis solution (400
puL MagNA Pure Bacteria Lysis Buffer) and ceramic beads (MagNA Lyser
Green Beads), after which the cells were lysed by a MagNA Lyser instrument
(Roche Diagnostics) for 30 s at 6500 rpm, and the DNA was extracted and
purified with MagNA Pure 96. A polymerase chain reaction (PCR) amplifying
introns two to four and exons two to five of the calmodulin gene was used for
species identification using primers Cmd5 5'-CCGAGTACAAGGARGCCTTC-
3" and Cmd6 5-CCGATRGAGGTCATRACGTGG-3!, as previously described
[20]. Amplicons were purified according to the AmpliClean method
(NimaGen), and sequencing PCR was performed using 0.5 pL Brilliant Dye
premix, 1.75 uL Brilliant Dye 5x sequencing buffer (NimaGen), 1 uL Cmd6
primer (5.0 uM), 5.75 uL water, and 1 uL purified DNA. Afterward, products
were purified using the D-Pure purification protocol (NimaGen) and
sequenced on a 3500 XL genetic analyzer (Applied Biosystems). The resulting
calmodulin sequences were compared with NCBI GenBank sequences using
BLAST (http://www.ncbi.nlm.nih.gov/, accessed on 1 June 2022) to determine
their identity. The generated calmodulin sequences were deposited under
GenBank accession numbers OQ571231-0Q571318.

Sporothrix isolates were subjected to amplified fragment length
polymorphism (AFLP) genotyping using a method described previously [21].
In short, extracted DNA was submitted to a combined restriction-ligation using
2 U of EcoRI (New England Biolabs), 2 U of Msel (New England Biolabs), 50
pmol of EcoRI adapter (5-TCGTAGACTGC GTACC-3' and 5'-
AATTGGTACGCAGTC-3'), 50 pmol of Msel adapter (5
GACGATGAGTCCTGAC-3" and 5-TAGTCAGGACTCAT-3'), and 1 U of T4
DNA ligase (Promega). The restriction-ligation products were used in an
amplification reaction with EcoRI (5'-FLU-GACTG CGTACCAATTCAC-3')
and Msel (5'-GATGAGTCCTGACTAAA-3')-based primers, and amplicons
were diluted 50x using water. A mix containing 1 puL of the diluted amplicons,
8.9 uL water, and 0.12 uL LIZ600 (Applied Biosystems) was submitted to a
heating step at 95 °C for 1 min followed by 4 °C for 5 min and run on the ABI
3500XL genetic analyzer (Applied Biosystems), according to the manufacturer’s
instructions. Data were analyzed using BioNumerics version 7.5 (Applied
Maths, Sint-Martens-Latem, Belgium) with Pearson’s correlation coefficient
and the unweighted pair group method with an arithmetic mean clustering
algorithm. Genomic libraries were prepared and sequenced with the MiSeq
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platform (Illumina, San Diego, CA, USA) in 2 by 150-bp paired-end-read mode
at Eurofins. Reads are publicly available at NCBI under BioProject ID:
PRJNA836433. The read data were uploaded to the Galaxy tool, FastQC was
used to assess read data quality, and no trimming was performed [22].
Sequenced strains were aligned against the S. brasiliensis 5110 reference
genome (GCA_000820605.1) using BWA-MEM v0.7.17.1 [23]. Read duplicates
were removed using RmDup, local realignment was performed using
BamLeftAlign, and unpaired reads were removed with BAM Filter. Reads with
a MAPQ score <60 were removed. Potential variations in genes associated with
antifungal resistance were analyzed by visualization with JBrowse v1.16.11
[24].

The blood profile results from the clinical pathology laboratory data
included, as hematological analytes, red blood cell count (RBC); hemoglobin;
hematocrit (PCV); platelet counting; white blood cell count (WBC); and
differential leukocyte count, including segmented neutrophils, band
neutrophils, lymphocytes, monocytes, eosinophils, and basophils;
concentrations of total plasma and serum protein, albumin, creatinine, and
urea; and the serum activities of alanine aminotransferase (ALT) and gamma-
glutamyl transferase (GGT), as biochemical analytes. In brief, complete blood
counts (RBC and WBC) and hemoglobin concentrations were determined for
every animal using an automated hematology analyzer (Ebram 18 Hemascreen;
Ebram, Sao Paulo, Brazil). Hematocrit was determined by the microhematocrit
method. Total plasma protein concentration was determined by refractometry.
Total serum protein, albumin, creatinine, urea, ALT, and GGT were measured
using an automated analyzer (Flexor EL80; EliTech Clinical Systems®, Puteaux,
France), following the instructions of the manufacturer, using commercial kits
(EliTech Clinical Systems®; Puteaux, France).

2.4 Statistical analysis

The study focused on two main clinical patterns presentations of feline
sporotrichosis: fixed cutaneous (G1) and disseminated cutaneous (G2). Normal
distribution was tested using the Shapiro-Wilk normality test. The
nonparametric Mann-Whitney test was used to compare the groups. Data are
reported as median, percentiles (25 and 75%), and range (minimum and
maximum), unless otherwise stated. These statistics were performed using the
statistical software Graph-Pad Prism Version 9.5.1 for Windows (GraphPad
Software, San Diego, CA, USA).

A cross-sectional observation study was conducted, and principal
component analysis (PCA) was applied to evaluate associations between
analytes and to reduce dimensionality. The components were established and
subsequently organized to predict the lesion types of feline sporotrichosis,
aiming to identify analytes related to disease progression. Additionally,
independent variables were analyzed within the predictive model. The
development of the predictive model for lesion patterns was based on
hematological (n = 56) and biochemical (n = 34) data. Binary logistic regression
was employed for each dataset using two methodologies: (1) PCA to reduce
dimensionality, resulting in two principal components (PC1 and PC2), followed
by binary logistic regression; and (2) binary logistic regression incorporating all
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independent variables with a backward elimination approach. For these
analyses, PCA was presented with correlation matrices, eigenvalues, and
eigenvectors, applied to assess the variance explained and convert variables
into components in the logistic regression. The Kaiser-Meyer—-Olkin (KMO) test
and Bartlett’s test of sphericity were performed to assess the adequacy of the
factor analysis. Moreover, a rotated component matrix using Varimax rotation
and Kaiser normalization was generated to standardize coefficients and
organize principal components. The Hosmer-Lemeshow test was implemented
to evaluate the alignment of the logistic regression models. In the backward
elimination model, variables with p-values > 0.05 (starting with the highest p-
value) were manually removed from the model, reducing the number of
predictors and including only significant variables. Principal component
analyses and binary logistic regression statistics were performed using IBM®
SPSS Statistics Version 25 (IBM Corp., Armonk, NY, USA). For all analyses, p-
values less than 0.05 were considered significant.

Outliers: To ensure accurate data analysis and in accordance with
guidelines [25], values unrelated to the underlying disease (sporotrichosis)
were excluded from the data distribution. Additionally, given the high
incidence of platelet clumps and the limited number of total serum protein
results, these analytes were excluded from PCA analysis. The final statistical
analysis included the following analytes: RBC, hemoglobin, PCV, WBC,
segmented neutrophils, band neutrophils, lymphocytes, eosinophils,
monocytes, total plasma protein, albumin, creatinine, urea, and ALT.

3. Results

Of the 70 cats with confirmed sporotrichosis diagnosis and complete
clinicopathological data, 56 were males (80%) and 14 females (20%). All 58 cats
had positive genotyping (identification and isolation) results for Sporothrix
brasiliensis, independently of the type of lesion and/or sex. Cats were separated
into two groups based on the type of lesions: Group 1 (G1) fixed cutaneous (n
=13; 18.5%): 12 males and one female; Group 2 (G2) disseminated cutaneous (n
=57; 81.5%): 47 males and 10 females. Of the cats with fixed cutaneous lesions,
nine males and one female were non-neutered, three were neutered, and the
information was not available for one cat. Additionally, seven domestic males
and the female in G1 had access to open spaces, and four males did not have
access to open spaces. Regarding cats with disseminated cutaneous lesions
(G2), 31 males and 6 females were non-neutered, 14 males and 4 females were
neutered, and the information was not available for 3 animals. Of the cats in G2,
31 domestic males and 4 females had access to open spaces; 3 males and 4
females did not have access to open spaces, and 8 males and 2 females were
kept outside all the time (half-domestic).

The results for the hematological analyte comparison of both groups are
presented in Table 1. Cats in G2 had significantly higher segmented neutrophils
and total plasma protein when compared to those in G1. Red blood cells,
hematocrit, hemoglobin, WBC, band neutrophils, lymphocytes, eosinophils,
monocytes, and platelets counts were not significantly different between
groups and were within RI [26] (Table 1).
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Table 1. Results of the comparison of hematological analytes between cats with sporotrichosis: median,
range (minimum and maximum), interquartile [25% and 75%], p-value and reference interval (RI).

Analytes

RBC (10%/uL)

Hemoglobin (g/L)

Hematocrit (%)

WBC (/uL)

Segmented Neutrophils

(/uL)

Band neutrophils (/uL)

Group 1
(n=13)
Median
(min — max)
[25% - 75%]
7.87

(5.08 - 9.88)

[6.68 — 9.45]

127
(100 - 166)

[109 - 140]

40
(28 - 45)

[32.5-41.7]

11,150
(6,100 - 22,600)

7,288 — 15,638]

5,931
(2,869 - 13,728)

[3,616 — 9,042]

305
(0 - 624)

[0-146.3]

Group 2
(n=57)
Median
(min — max)
[25% - 75%]
7.42

(3.65-12.3)

[6.10 — 8.86]

117
(64 - 175)

[89 - 131]

355
(19 - 48)

[29.7 - 40]

14,675
(4,250 — 46,200)

9,825 — 20,975]

9,923
(2,805 — 44,352)

5,319 — 12,360]

65
(0 -3,048)

[0 - 541]

P value

0.370

0.063

0.149

0.128

0.027

0.329

RI [20]

80 - 150

30-45

5,500 - 19,500

2,500 - 12,500

0-300
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3,445 3,194
(1,761 - 9,270) (408 - 9,168)
Lymphocytes (/uL) 0.347 1,500 - 7,0000
[2372 - 4837] [1,775 - 4,842]
723 433
(176 - 1,390) (0 - 3,850)
Eosinophils (/uL) 0.032 100 - 1,500
[543 — 1,081] [216 - 733]
228 395.5
(0 - 1,408) (0-1,899) 0.247 100 — 1,400
Monocytes (/uL)
[61.7 - 626.3] [133 - 875]
300 337
(240 - 516) (195 — 860)
Platelets (103/uL) 0.24 300 - 800
[249 — 401] [283 - 459]
71 78
Total Pl?;“{? protein (64 - 82) (62 - 120) 0.019 60 - 80
[65—79] [74 — 84]

G1: fixed cutaneous; G2: cutaneous disseminated. Mann-Whitney U tests. P-values less than 0.05 are
considered statistically significant. RBC: total red blood cells counting; WBC: total white blood cell counting.

The biochemical analyte comparison results for G1 and G2 are presented in
Table 2. No significant differences were found for albumin, creatinine, urea, the
activities of GGT and ALT, and total serum protein between G1 and G2.

However, albumin concentrations were below the RI [27] for both groups of
cats.

Table 2. Results of the comparison of biochemical analytes between cats with sporotrichosis: median, range
(minimum and maximum), interquartile [25% e 75%], P value and reference interval (RI).
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Group 1 Group 2
(n=13) (n=57)
Analytes Median Median P value RI[21]
(min — max) (min — max)
[25% - 75%] [25% - 75%]
75 76
Total in*
otal serum protein (63 76) (62 - 86) 0.558 60 - 80
(g/L)
[63 - 76] [67 - 81]
26.9 26
Albumin (g/L) (15.2 - 31.5) 9.1-33.9) 0.532 28 -39
[16.9 - 30.6] [18.11 -28.7]
116.6 102.5
Creatinine (umol/L) (99-135.2) (30.9-164.4) 0.053 70-177
[107.8 - 121.1] [86.6 — 121.1]
8.79 7.70
Urea (mmol/L) (6.62-11.2) (1.64 - 16.5) 0.171 3.6-10.7
[7.72 -10.4] [6.82-9.27]
54.2 29.6
ALT (U/L) (5.0-79.2) (1.3-216.0) 0.325 10 - 100
[30.0 - 74.0] [11.7 - 57.0]
2.0 2.0
GGT (U/D) (1.3-3.9) (0.7 -9.6) 0.267 0-6
[1.5-2.8] [2-32]

G1: Fixed cutaneous; G2: disseminated cutaneous. Mann-Whitney U tests.

considered statistically significant; * n = 12 cats for each group.

p-values less than 0.05 are
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The correlations among the ten hematological analytes obtained by the PCA
model are presented in Figure 2. Significant positive correlations were observed
for PCV with RBC (r = 0.7, p < 0.001) and hemoglobin (r = 0.9, p < 0.001). Red
blood cells with hemoglobin (r=0.7, p <0.001) and segmented neutrophils with
WBC (r = 09, p < 0.001) were also positively correlated. Additionally,
segmented neutrophils with TPP and lymphocytes with eosinophils had
significantly positive moderated correlations (r = 0.4, p <0.001).

Figure 2. Heatmap for hematological analyte correlations of cats with sporotrichosis. Ranges to
positive correlations as dark red (r = 1) and negative correlations as dark blue (r = —1). p-values of
significance are indicated as *, p <0.05, **, p <0.01, and ***, p <0.001. (PCV —hematocrit; neutrophils —
segmented neutrophils; r value —correlation coefficient).
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R value
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Monocytes - * * *
0.75
Eosinophils - * .
- 0.50
Band neutrophils - * ** 4=
-0.25
Lymphocytes -

- 0.00
Neutrophils -

-=0.25

WBC
-=0.50
- ‘. |
=0.75
Hemoglobin
-=1.00

RBC

RBC -
Hemoglobin -
PCV -

WBC -

Neutrophils -
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Band neutrophils -
Eosinophils -
Monocytes -

Total plasma protein -

Low negative correlations were observed between hemoglobin, WBC, and
segmented and band neutrophils (r = 0.3, p < 0.01). Although there were other
statistically significant (p < 0.05) correlations, they were weak (r = 0.2) (Figure
2). Significant correlations were not observed between urea, creatinine, GGT,
and ALT (Figure S1).
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For the hematological analyte evaluation performed by PCA, the first (PC1)
and second principal (PC2) rotated components explained 95.2% and 4.1% of
the variance in the dataset, respectively. Together, PC1 and PC2 captured 99.3%
of the total variability, indicating that these components -effectively
summarized the dataset (Table S1). For the biochemical PCA analysis, PC1
rotated components explained 90.0% of the variance. When both components
were considered, they accounted for 99.9% of the total variability (Table 52).

For the hematological loading (i.e., biplot) analysis, clustering was observed
among RBC, PCV, and hemoglobin, indicating a strong correlation in terms of
principal components. Total WBC, segmented and band neutrophils,
monocytes, and TPP were correlated with Component 1 (horizontal axis).
Lymphocyte had the highest loading on Component 2 (vertical axis) (Figure 3).
Regarding the biochemical biplot, urea had a strong correlation with
Component 2, while ALT had a strong correlation with Component 1. Albumin
and creatinine were closer positioned, indicating their similar contribution with
Component 1, but with a weak correlation (Figure 4).

10~ .b/mpl"ocybes
.Eosmophns
05+ Leukocytes
L]
Band neutrophils
~ b .Segmenled neutrophils
- .R.ECHT .Monocytes
8 Hemoglobin
e 00 L
o
£ Total plasma protein
o LJ
)
054
-1.04 H ' 1
-1.0 -0.5 0.0 0.5 1.0

Component 1

Figure 3. Biplot representation of hematological analytes of cats with sporotrichosis and
its  dispersion. (PCV—hematocrit; leukocytes—WBC; neutrophils—segmented
neutrophils).
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Figure 4. Biplot representation of biochemical analytes in cats with sporotrichosis and
its dispersion. (ALT —alanine aminotransferase).

The predictive model of lesion type in feline sporotrichosis based on the
principal components (PC1 and PC2) of hematological analytes explained
80.4% of the analyzed cases (cutoff value: 0.500). For biochemical analytes, the
model explained 88.2% of cases (cutoff value: 0.500) (Tables S3 and 54).

The logistic regression results had a significant level (p = 0.04) for
hematological PC1 when compared to lesion pattern, but the predictor had no
effect on the odds ratio (OR) (OR = 1.0). Neither PC2 nor the constant were
statistically significant in this case (Table S5). For the biochemical principal
components, neither PC1, PC2, nor the constant were statistically significant
(Table S6). The logistic regression analysis developed for a predictive model
associated with the most frequent lesion patterns observed in cats diagnosed
with sporotrichosis (G1 and G2), the proposed model between independent
hematological and biochemical analytes, correctly classified 76.8% of the
independent hematological cases, and for the biochemical analytes, the rate was
88.2% (cutoff value for both analyses = 0.5) (Tables S7 and S8).

Backward elimination begins by fitting a multiple linear regression model
with all independent variables (Table S9). The analytes with the highest p-
values are removed from the model and a new model is produced. This process
is repeated until the analyte has a p-value below the threshold, typically p =
0.05. The analytes that do not reach the threshold are removed. In this study,
TPP was the unique statistically significant and constant result for an analyte:
p =0.01 and p = 0.04, respectively (Table 3). By this analytical method, an odds
ratio of 3.3-fold increase for TPP was observed. Thus, the predictive function
calculated from our results meant that, for each increase of 1 g/dL (or for every
10 g/L) in TPP concentration in cats with sporotrichosis, the chance of
developing disseminated cutaneous lesions was increased 3.3-fold. Regarding
the biochemical analytes (Table 3), the only remaining significant analyte was
urea (p = 0); however, the predictor had no effect on the odds ratio (OR = 1.0).
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Table 3. Binary logistic regression analysis with the final analytes (urea and total plasma protein) of cats
with sporotrichosis obtained by manual backward elimination model for independent variables.

95% C.I. for EXP(B)

Analytes B S.E. Wald df Sig.  Exp(B)

Inferior = Superior
Urea 0,037 0,011 12,190 1,000 0,000 1,038 1,016 1,060
Total plasma protein 1,201 0,509 5,562 1,000 0,018 3,322 1,225 9,012
Constant 7,789 3,786 4234 1,000 0,040 0,000 - -

Urea (P = 0), total plasma protein (P = 0.01) and constant (P = 0.04) were significant. (B: regression
coefficient; S.E: standard error; df: degrees of freedom; Sig.: significance; Exp(B): exponentiate coefficient
(odds ratio); C.I: confidence interval).

Following these results, a predictive function was developed based on the
evidence of TPP obtained in the binary logistic regression analysis
demonstrating the possibility of progression from a fixed cutaneous lesion to a
disseminated cutaneous pattern. The formula for calculating this predictive
function is expressed as follows:

1

= 14+e- (=7.789+1.201xtotal plasma protein)

4. Discussion

Consistent with previous reports, most of the animals in this study were
male cats with disseminated cutaneous lesions [12,14,28,29,30]. The higher
occurrence found in domestic males of this study could be related to having
access to open spaces and being non-neutered, which could include the species’
habits of fighting and scratching trees [3,16]. Furthermore, there is a prevailing
presence of non-neutered male cats that are infected with Sporothrix spp.
[3,12,15,28,29,30].

Previous investigations in humans and Murinae suggested that both innate
and adaptative immune response could be similar to the anti-Sporothrix
response in cats [10,11,31,32,33]. Nevertheless, the immune response to feline
sporotrichosis is still not well understood [28]. It is known that cats infected
with S. brasiliensis or other virulent Sporothrix species have the potential to
develop disseminated infections, suggesting the ability of the fungus to
interfere with Thl-mediated immunity [4,8,11,16,34]. Thus, cell-mediated
immunity appears to play a key role in the antifungal response in Sporothrix
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spp. infection in cats, and the Th1 cellular response could be the specific tool for
controlling the disease by aiding in the growth of granulomas [10,11,30,31,34].
Additionally, in other fungal infections like histoplasmosis, candidiasis, and
cryptococcosis, animals with a compromised Thl immune response are
susceptible to more severe and disseminated infection [35,36,37].

The main changes observed in cats with Sporothrix spp. infection were
significant increases in segmented neutrophils and TPP concentrations in cats
with the disseminated cutaneous (G2) lesion pattern. These findings could
reflect the response to concomitant fungus and bacterial infection, suggesting
an intense neutrophil chemotaxis induced by cell-mediated immunity
[10,34,38] and activation of the acute phase response, which increases the
concentration of serum globulin [39]. In this study, Component 1 had a strong
association with inflammatory response analytes (WBC, segmented
neutrophils, and total plasma protein) (Figure 3) and the logistic regression
analysis demonstrated that PC1 had a significant value (p = 0.04), suggesting a
correlation between these analytes and worsening sporotrichosis skin lesions.

In Murine models, the humoral response induced by Th2 cells induces
antibody production, especially IgE and IgG [33,34,35], which was also
suggested by an investigation in cats responding to Sporothrix antigens [40].
These increased Ig concentrations result in hyperproteinemia. Furthermore,
cats from both groups of this study had hypoalbuminemia when compared to
RI values. These findings, combined with segmented neutrophilia and high
TTP concentrations, could indicate sustained production of immunoglobulins
in response to sporotrichosis and to the systemic inflammation caused by
disseminated cutaneous lesions [10,11,30,31,40]. Additionally,
hypoalbuminemia associated with hyperglobulinemia was previously found in
Sporothrix spp. infections in cats [15]. It is worth mentioning that the cats in this
study did not have clinical or laboratory signs of dehydration.

In Veterinary Medicine, there are low numbers of PCA and predictive
model studies about blood analytes. In dogs with mammary tumors, the
combined PCA of leukogram, albumin/globulin, age, and tumor size was a
strong predictor of survival rate [41]. In addition, a non-effusive feline
infectious peritonitis predictive diagnosis was also developed with PCA
analysis [42]. Our study evaluated two basic logistic regression models (PCA
and independent variables) for hematological and biochemical analytes in cats
with sporotrichosis. Both performed well and successfully identified that the
TPP concentration could be considered as a predictive marker for cutaneous
lesions in cats with sporotrichosis. Therefore, the evidence of TPP obtained by
the binary logistic regression analysis demonstrates the possibility of
progression from a fixed cutaneous lesion to a disseminated cutaneous pattern.
Our hypothesis is that increased TPP concentration is strongly associated with
a probability of the development of disseminated cutaneous lesions in feline
sporotrichosis, suggesting its potential as a future prognostic prospect.

5. Conclusions

In conclusion, the changes found in this study could provide an overview
of the hematological and biochemical effects produced by S. brasiliensis
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infection in cats with fixed and disseminated cutaneous lesions. Total plasma
protein concentration could be a valuable marker for identifying cats at risk of
developing more severe disseminated cutaneous lesions and the calculated
predictive function could be considered as a screening tool for cats with
sporotrichosis. Total plasma protein determination during daily routine
laboratory evaluations could have the potential of serving as a predictive
biomarker to identify the progression of cutaneous lesions induced by S.
brasiliensis, especially in an endemic area for this infection.

Supplementary Materials: The following supporting information can be
downloaded at: https://www.mdpi.com/article/10.3390/vetsci12010032/s1.

Figure S1: Heatmap for biochemical analyte correlations of cats with sporotrichosis.
Ranges to positive correlations as dark red (r = 1) and negative correlations as dark blue
(r = -1). There was no statistically significant difference. p > 0.05 (ALT, alanine
aminotransferase; r value— correlation coefficient).

Table S1: Hematological analytes of cats with sporotrichosis with raw and rescaled
eigenvalues of the two principal components (PC1 and PC2).

Table S2: Biochemical analytes of cats with sporotrichosis with raw and rescaled
eigenvalues of the two principal components (PC1 and PC2).

Table S3. Binary classification and Predictive model of Principal Component
Analysis for hematological analytes in cats with sporotrichosis.

Table S4. Binary classification and predictive model of Principal Component
Analysis for biochemical analytes in cats with sporotrichosis

Table S5. Logistic regression equation for hematological analytes of cats with
sporotrichosis (PC1 and PC2 variables)

Table S6. Logistic regression equation for biochemical analytes of cats with
sporotrichosis (PC1 and PC2 variables).

Table S7. Binary classification for hematological analytes of cats with sporotrichosis
Table S8. Binary classification for biochemical analytes of cats with sporotrichosis

Table S9. Backward elimination model equation with independent hematological
analytes of cats with sporotrichosis
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Figure S1: Heat map for biochemical analytes correlations of cats with sporotrichosis. Ranges to positive as
dark red (r=1) and negative correlation as dark blue (r = -1). There was no statistically significant difference.
P >0.05 (ALT, alanine aminotransferase; r value - correlation coefficient).

Table S1. Hematological analytes of cats with sporotrichosis with raw and rescaled eigenvalues of the two

principal components (PC1 and PC2).

Sum of Squared Loadings (Extraction) Sum of Squared Loadings (Rotation)
Component
Total % Variance % Cumulative Total % Variance % Cumulative
1 176914164.2 95.182 95.182 157954338.8 84.982 84.982
Raw
2 7674629.558 4.129 99.311 26634455.03 14.33 99.311

Rescaled 1 2571 25.711 25.711 2.495 24.947 24.947




2 1.492 14.92 40.631 1.568 15.684 40.631

PC1 and PC2 together captured 99.3% of total variability

Table S2: Biochemical analytes of cats with sporotrichosis with raw and rescaled eigenvalues of the two

principal components (PC1 and PC2).

Sum of Squared Loadings (Extraction) Sum of Squared Loadings (Rotation)
Component
Total (%) Variance (%) Cumulative Total (%) Variance (%) Cumulative
1 1634.465 90.088 90.088 1619.999 89.291 89.291
Raw
2 179.468 9.892 99.98 193.934 10.689 99.98
1 1.115 27.881 27.881 1.092 27.297 27.297
Rescaled
2 1.001 25.017 52.898 1.024 25.602 52.898

Both components accounted for 99.9% of total variability

Table S3. Binary classification and predictive model of Principal Component Analysis for hematological

analytes in cats with sporotrichosis

Predicted Outcome Percent correct

Binary Classification Table F D

Observed Outcome F 1 11 8.3



D 0 44 100

Percentage global 80.4

(F) fixed and (D) disseminated cutaneous lesions

Table S4. Binary classification and predictive model of Principal Component Analysis for biochemical

analytes in cats with sporotrichosis

Predicted Outcome Percent correct
Binary Classification Table F D
F 0 4 0
Observed Outcome D 0 30 100
Percentage global 88.2

(F) fixed and (D) disseminated cutaneous lesions

Table S5. Logistic regression equation for hematological analytes of cats with sporotrichosis (PC1 and PC2

variables)

B S.E. Wald df Sig. Exp(B) 95% C.I. for EXP(B)

Lower Upper

PC1 0 0 4.11 1 0043 1 1 1




PC2 0 0 1403 1 0236 1 1 1

Constant 0.605 0877 0477 1 049 1.832

PC1: P=0.043. B: regression coefficient; S.E: standard error; df: degrees of freedom; Sig.: significance; Exp(B):

exponentiated coefficient (odds ratio); C.I: confidence interval.

Table S6. Logistic regression equation for biochemical analytes of cats with sporotrichosis (PC1 and PC2

variables).
B S.E. Wald df Sig. Exp(B) 95% C.I. for EXP(B)
Lower Upper
PC1 -0.003 0.013 0.048 1 0.827 0.997 0.972 1.023
PC2 -0.076 0.054 1957 1 0.162 0.927 0.834 1.031
Constant 5922 3.021 3843 1 005 373.287

All variables: no significant difference. B: regression coefficient; S.E: standard error; df: degrees of freedom;

Sig.: significance; Exp(B): exponentiated coefficient (odds ratio); C.I: confidence interval.

Table S7. Binary classification of hematological analytes in cats with sporotrichosis

Predicted Outcome Percent correct
Binary Classification Table F D
F 3 9 25

Observed Outcome D 4 40 90.9




Percentage global 76.8

(F) fixed and (D) disseminated cutaneous lesions

Table S8. Binary classification of biochemical analytes in cats with sporotrichosis

Predicted Outcome Percent correct
Binary Classification Table F D
F 0 4 0
Observed Outcome D 0 30 100
Percentage global 88.2

(F) fixed and (D) disseminated cutaneous lesions

Table S9. Backward elimination model equation with independent hematological analytes of cats with

sporotrichosis
B S.E. Wald df Sig. Exp(B)  95% C.I for EXP(B)
Analytes Lower Upper
RBC 0.09 0.395 0.052 1 0.82 1.094 0.504 2.374
Hemoglobin -0.353 0.474 0556 1 0.456 0.702 0.278 1.777

Hematocrit 0.046 0.171 0.071 1 0.789 1.047 0.749 1.463




WBC 0 0.004 0.005 1 0.946 1 0.992 1.008

Segmented neutrophils 0 0.004 0.009 1 0.926 1 0.992 1.009
Lymphocytes 0 0.004 0 1 0.987 1 0.992 1.008
Band neutrophils 0.002 0.004 0195 1 0.659 1.002 0.994 1.01
Eosinophils 0 0.004 0.006 1 0.938 1 0.992 1.009
Monocytes 0 0.005 0.005 1 0.946 1 0.991 1.009
Total plasma protein 1.221 0.726 2828 1 0.093 3.39 0.817 14.067
Constant -6.246  5.214 1435 1 0.231 0.002

RBC: total red blood cells; WBC: total white blood cells; B: regression coefficient; S.E: standard error; df:
degrees of freedom; Sig: significance; Exp(B): exponentiated coefficient (odds ratio); C.I: confidence interval.
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CAPITULO lIl. Considerag6es finais e perspectivas

A escolha do modelo de anélise de componentes principais (PCA) partiu
da ideia de ser uma grande ferramenta de identificacéo e expressao de padrdes
de dados, bem como sua capacidade de reduzir a dimensionalidade dos dados.
O PCA foi uma ferramenta util neste projeto na formacéo de correlacdes entre
as variaveis hematoldgicas e no auxilio da obtencdo de um fator progndstico da
esporotricose felina. Através da utilizacdo do PCA abre-se a possibilidade do
emprego de novas andlises utilizando componentes principais para outros
meétodos diagndsticos, como analises sorologicas, na tentativa de melhorar a

funcao progndstica desta e de outras doencas causadas por agentes infecciosos.

Estudos com outras formas metodolégicas, como observacionais
longitudinais, podem ser realizados futuramente para verificar a possibilidade de
predizer a evolucdo prognostica da doenca, como favoravel ou desfavoravel,
visto que 0s animais seriam observados durante o tempo de progressdo da
doenca e do tratamento, possivelmente relatando o quadro progndstico evolutivo

da doenca.

A partir da analise deste estudo € possivel evidenciar que exames de
triagem e de facil acesso presentes na rotina clinica veterinaria podem auxiliar
na prevencdo da evolugdo clinica lesional de doengas, como o caso da

esporotricose felina.

Apesar da maior ocorréncia no sul e sudeste, a rapida disseminacao do
fungo por todo o Brasil, principalmente da espécie Sporothrix brasiliensis,
evidencia a necessidade de desenvolver campanhas educativas e politicas

publicas relacionadas ao controle e conscientizacdo sobre os riscos da doenca.
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