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RESUMO

As constantes alteracfes ambientais ocasionadas por fatores antropicos tem
provocado mudancgas na relagdo patdégeno-hospedeiro. A emergéncia ou re-
emergéncia de muitas doencas infecciosas e parasitarias associadas a
degradacdo do habitat natural, podem causar sérios impactos na conservagcao
de diversas espécies selvagens. A exposicdo desses animais a importantes
agentes zoonGticos representa, ainda, uma ameacada a Saude Publica. A
onca-parda (Puma concolor) vem sofrendo diversas ameacas nas Uultimas
décadas e enfrenta intenso declinio populacional em diferentes regides. Pouco
se sabe a respeito do impacto da circulacdo dos patdbgenos nessa espécie.
Diante deste cenario, o presente estudo teve como objetivo realizar um
inquérito soroldgico para avaliar a circulagdo de quatro agentes infecciosos
selecionados, em 27 oncas-pardas de vida livre, oriundas de municipios
situados préximos a bacia do Rio Tieté, no Estado de Sdo Paulo. As analises
incluiram a pesquisa de anticorpos contra Toxoplasma gondii, Leptospira spp.,
FIV e FeLV, utilizando-se o teste de aglutinacdo modificada (MAT), a técnica de
soroaglutinacdo microscopica (SAM) e o ensaio de imunoabsor¢cdo enzimatica
(ELISA) para a pesquisa viral, respectivamente. Os resultados evidenciaram a
ocorréncia de trés destes patdgenos nos animais avaliados. A infecdo por T.
gondii foi a mais prevalente, observando-se soropositividade em 59,3% (16/27)
dos animais. Anticorpos contra Leptospira spp. e FIV também foram
detectados, ambos com soroprevaléncia de 11,1% (3/27). Nenhuma amostra
foi reagente para FeLV. Os resultados deste estudo indicam que a oncas-
pardas estdo expostas a diversos agentes etioldgicos, alguns potencialmente
patogénicos para a espécie, ressaltando a necessidade de monitoramento
constante do perfil epidemiolégico destes animais, especialmente em areas

altamente fragmentadas.

Palavras-chave: Felidae; Doencas infecciosas; In situ; Conservacao.
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ABSTRACT

The environmental changes caused by anthropic factors have caused changes
in the host-pathogen relationship. The emergence or re-emergence of many
infectious and parasitic diseases associated with the degradation of the natural
habitat, may have serious impacts on the conservation of several wild species.
The exposure of animals to important zoonotic agents still represents a threat to
Public Health. The cougar (Puma concolor) has suffered several threats in the
last decades and it faces an intense population decline in different regions. Little
is known about the impact of the circulation of pathogens on this species. Given
this scenario, the present study aimed to conduct a serological survey to assess
the circulation of four potentially pathogenic agents for felids, in 27 free-living
cougars, from municipalities located near the Tieté River basin, in the State of
Sdo Paulo. The analyzes included the search for antibodies against
Toxoplasma gondii, Leptospira spp., FIV and FelLV, using the modified
agglutination test (MAT), the microscopic agglutination test (MAT) and the
enzyme-linked immunosorbent assay (ELISA) for the viral research,
respectively. The results showed the occurrence of three of these pathogens in
the animals evaluated. Infection with T. gondii was the most prevalent one, with
seropositivity being observed in 59.3% (16/27) of the animals. Antibodies
against Leptospira spp. and IVF were also detected, both with 11.1%
seroprevalence (3/27). No sample was reagent for FeLV. The results of this
study indicate that pumas are exposed to several potentially pathogenic agents
for the species, highlighting the need for constant monitoring of the
epidemiological profile of these animals, especially in highly fragmented areas.

Key words: Felidae; Infectious diseases; In situ; Conservation.



CAPITULO | — CONSIDERACOES INICIAIS

A familia Felidae, pertencente a Ordem Carnivora, € constituida por
mais de 40 espécies distribuidas mundialmente, com excecédo da Australia e
Antértica (Hunter & Barrett, 2018), sendo representada no Brasil por quatro
géneros (Panthera spp., Puma sp., Herpailurus sp. e Leopardus spp.) (Cheida
et al., 2006). Apesar da sua ampla distribuicdo geografica, a abundancia de
muitas popula¢des vem diminuindo e quase todas as espécies encontram-se

ameacadas de extingdo em algum grau (Adania, Silva & Felippe, 2014).

A reducao e fragmentacdo do habitat, os atropelamentos, trafico ilegal
e continua pressdo pela caca e abate sdo as principais ameacas para a
sobrevivéncia dos felideos (Adania, Silva & Felippe, 2014). Adicionalmente,
deve-se considerar o impacto das doencas infecciosas sobre as populacfes in
situ, tendo em vista que estas sdo particularmente relevantes para a
conservagdo dos carnivoros e representam uma ameaca a biodiversidade
(Lafferty & Gerber, 2002; Smith, Behrens & Sax, 2009).

Os processos morbidos podem ser agravados em populacdes
pequenas ou isoladas, quando somados a outros fatores, como ma nutricdo,
estresse e endogamia, aumentando significativamente a mortalidade dos
individuos (Pedersen et al., 2007). Declinios populacionais relacionados a
surtos epidémicos causados por agentes patogénicos ja foram relatados em
diversas espécies de carnivoros selvagens, indicando a necessidade de
integrar a epidemiologia na conservacdo e manejo desses animais (Alexander
& Appel 1994; Roelke-Parker et al., 1996).

No Brasil, estudos a respeito da exposicdo de felideos silvestres a
agentes infecciosos e parasitarios em vida livre vem sendo desenvolvidos nos
ultimos anos (Filoni et al., 2006; Nava, 2008; Widmer, 2009; Jorge et al., 2011).
No entanto, o conhecimento a respeito do impacto da circulagdo dos patégenos
nessas populacdes ainda € restrito. Durante uma compilagédo de publicacdes
sobre a ordem Carnivora, entre 2013 e 2017, Tensen (2018) observou que
apenas 18% dos dados cientificos publicados sobre felideos silvestres eram

voltados para fatores relacionados a saude e doencas.



Além do impacto as populacdes selvagens, ha a preocupacdo com a
transmissdo de alguns destes agentes a populagdo humana e de animais
domésticos, tendo em vista a participacdo dos animais silvestres como
reservatorios ou portadores de zoonoses (Acha & Szyfres, 2003). As alteracdes
ambientais tém provocado mudancas na relagdo patégeno-hospedeiro e, com
isso, 0 aumento da proximidade entre seres humanos, animais domésticos e
selvagens pode levar a disseminacdo de diversos patdgenos e ao surgimento

de doencas emergentes ou re-emergentes (Jorge et al., 2010).

Considerando o grau de vulnerabilidade em que os felideos
neotropicais estao inseridos, o0 monitoramento continuo de potenciais agentes
infecciosos possibilita um melhor entendimento quanto a saude das populacées
selvagens e pode subsidiar agcdes de conservacao in situ (Adania, Silva &
Felippe, 2014). Investigacdes sorologicas sdo importantes e devem ser
elaboradas em conjunto com estudos multidisciplinares para avaliar a
importancia dos carnivoros selvagens no ciclo epidemiolégico das

enfermidades, assim como seu impacto na Saude Publica (Jorge et al., 2010).

Neste contexto, a presente pesquisa teve como objetivo avaliar por
meio de um inquérito sorolégico a exposi¢cao de oncas-pardas (Puma concolor)
de vida livre a agentes infecciosos selecionados, incluindo Leptospira spp.,
Toxoplasma gondii, virus da imunodeficiéncia felina (FIV) e virus da leucemia
felina (FeLV), na regido da Bacia Hidrografica do Tieté, no Estado de Sé&o
Paulo, Brasil.

Este estudo sera organizado em capitulos, os quais abordardo as
consideracdes iniciais (Capitulo 1), a revisdo da literatura (Capitulo Il) e, por fim,
o artigo cientifico (Capitulo IIl), apresentado conforme as normas da revista

cientifica.



CAPITULO Il = REVISAO DA LITERATURA

1 ASPECTOS GERAIS DA ONCA-PARDA — Puma concolor (Linnaeus,
1771)

A onca-parda, também conhecida como sucuarana, é a segunda maior
espécie de felideo neotropical, podendo pesar de 22 até 72 kg de peso
corporal, sendo os machos maiores que as fémeas (Adania, Silva & Felippe,
2014). Entretanto, podem ser observados animais maiores em regides
localizadas nos extremos latitudinais (Hunter & Barrett, 2018). Possuem corpo
longo e esguio, cabeca relativamente pequena, pelagem curta e uniforme, e a
coloragdo da regido dorsal pode variar do marrom-acinzentado ao
avermelhado, enquanto o ventre e a parte interna dos membros s&o mais
claros (Fowler, 1986).

S&o animais carnivoros de habitos solitarios e terrestres, com atividade
predominantemente noturna, porém, ja foi registrada maior atividade diurna em
algumas regibes (Azevedo et al, 2018). Considerados predadores
oportunistas, consomem uma grande variedade de presas conforme a
disponibilidade no ambiente, incluindo vertebrados de pequeno e médio porte
(Cheida et al., 2006). Em vida livre a longevidade da espécie varia entre 8 e 10
anos, havendo relatos de individuos que atingiram 15 anos de idade na

natureza (Mazzolli, 2010).

Originalmente, a espécie ocorria desde o sul do Canada até o extremo
sul do continente Sul-Americano, com exce¢ao do complexo das ilhas
Caribenhas e algumas regides do Chile (Nielsen et al., 2015; Azevedo et al.,
2018). E o mais plastico dos felideos sul-americanos, ocupando uma grande
variedade de habitats, desde areas florestais a regides de Caatinga, além de
areas abertas de campos de pastagem e cultivos. Sdo capazes de persistir em
ambientes com pouca cobertura vegetal, assim como em areas com certo grau

de perturbacéo (Brasil, 2017).



Apesar de ser globalmente classificada como “Pouco Preocupante”,
pela International Union for Conservation of Nature (IUCN), devido a sua ampla
distribuicdo geogréfica, atualmente, a espécie enfrenta uma drastica reducao
em sua area de ocorréncia e intenso declinio populacional em diferentes
regides (Nielsen et al., 2015). No Brasil, a onca-parda esta presente em todos
os biomas, porém as populacdes encontram-se bastante reduzidas, ou mesmo
extintas localmente, sendo categorizada no Livro Vermelho da Fauna Brasileira

Ameacgada de Extingdo como “Vulneravel” (VU) (Azevedo et al., 2018).

Seu estado de conservacdo vem sendo avaliado, desde 2011, pelo
Instituto Chico Mendes de Conservacdo da Biodiversidade do Ministério do
Meio Ambiente (ICMBio/MMA). Atualmente a espécie é contemplada no Plano
de Acdo Nacional para a Conservacao dos Grandes Felinos, juntamente com a
onca-pintada (Panthera onca), o qual tem como principal objetivo reduzir a
vulnerabilidade e melhorar o status de conservagcdo dessas espécies (Brasil,
2017).

A supressdo e a fragmentacdo do habitat representa uma das
principais ameacas, assim como a perda de individuos vitimas de colis6es com
veiculos em rodovias (Adania, Silva & Felippe, 2014). A caca oportunistica, a
retaliacdo por predacdo de animais domeésticos e as queimadas também
contribuem significativamente para a reducdo populacional em diversas areas
(Brasil, 2017). A espécie tem tamanhos populacionais naturalmente baixos e a
reposicdo de individuos é lenta, por isso, todos esses fatores s&o

extremamente impactantes a espécie (Azevedo et al., 2018).

A onca-parda apresenta ampla area de vida, a qual pode exceder 160
km?, sendo ainda maior em &areas fragmentadas (Azevedo et al., 2018).
Segundo Brasil (2017), sua plasticidade em se adaptar a diferentes ambientes
em busca de recursos alimentares e abrigo, tem tornado a espécie ainda mais
exposta aos conflitos com seres humanos. Devido a degradagdo dos
ambientes naturais, tem sido cada vez mais frequentes os registros de oncas-
pardas proximas a areas urbanas ou peri-urbanas, o que leva a uma maior

proximidade entre animais selvagens, domeésticos e seres humanos.


https://www.icmbio.gov.br/portal/faunabrasileira/planos-de-acao/9326-plano-de-acao-nacional-para-a-conservacao-dos-grandes-felinos
https://www.icmbio.gov.br/portal/faunabrasileira/planos-de-acao/9326-plano-de-acao-nacional-para-a-conservacao-dos-grandes-felinos

Os animais domeésticos podem atuar como fontes de infec¢do de uma
ampla gama de patdgenos para espécies selvagens, causando impactos
significativos nas populagdes in situ (Loveridge et al., 2010). Levantamentos
sorologicos demonstraram a ocorréncia de diferentes agentes patogénicos em
ongas-pardas de vida livre (Lima et al., 2020; Franklin et al., 2007; Kikuchi et
al., 2004). Além das doencas infecciosas representarem uma ameaga a
conservacao da espécie, estudos indicam a possibilidade desses animais
atuarem como reservatorios destes agentes, servindo como fontes de infeccao

para humanos e animais domésticos (Bevins et al., 2012).

A conservacao da oncga-parda € considerada um desafio frente ao fato
da espécie ja ter sido eliminada de grandes areas de sua distribuicdo original
(Azevedo et al., 2018). Vale ressaltar que por serem predadores de topo de
cadeia alimentar, as onc¢as possuem um papel fundamental no equilibrio dos
ecossistemas, controlando a densidade de suas presas e, consequentemente,
mantendo a diversidade biolégica da floresta (Hunter & Barrett, 2018). Logo,
assegurando-se a manutencéo das populacdes de grandes carnivoros, outras
espécies de um mesmo ecossistema também sdo protegidas (Soulé &
Terborgh, 1999).



2 DOENCAS INFECCIOSAS EM CARNIVOROS SELVAGENS

Historicamente, o0s animais selvagens tém sido considerados
importantes reservatorios e portadores de diversos patdégenos transmissiveis
aos seres humanos (Acha & Szyfres, 2003). Seu papel na cadeia
epidemioldgica das zoonoses se mostrou ainda mais relevante nos ultimos
anos, a medida em que se consolidou o conceito “One World, One Health”, o
qual norteia a medicina da conservagao e preconiza que a saude deve ser vista
como algo que se sustenta sobre um tripé, envolvendo a saude humana,

animal e ambiental (Marvulo & Carvalho, 2014).

A maioria das enfermidades infecciosas emergentes consiste em
zoonoses e aproximadamente 70% destas envolvem espécies silvestres em
sua epidemiologia, representando um problema de Saude Publica em todos os
continentes (Acha & Szyfres, 2003). Estudos com populacdes selvagens in situ
tem demonstrado que muitas dessas doencas sdo consequéncias de
desequilibrios causados por acfes antropicas, que levam a uma maior
proximidade entre o homem e 0s animais silvestres, favorecendo a transmisséo

de agentes infecciosos (Sanches & Lavin, 2014).

Os carnivoros selvagens sdo expostos a patdégenos que comumente
causam morbidade e mortalidade em animais domésticos. Epidemias causadas
por doencas infecciosas ja resultaram em declinio populacional de diversas
espécies ameacadas de extingdo, como furbes-de-patas-negras (Mustela
nigripes) (Williams & Thorne, 1988), ledes (Panthera leo) (Roelke-Parker et. al.,
1996), cachorros selvagens africanos (Lycaon pictus) (Alexander & Appel,
1994) e lobos da Etiopia (Canis simensis) (Sillero-Zubiri et al., 1996).

A presenca de patdgenos comuns de carnivoros domeésticos em
felideos selvagens aponta para a necessidade do monitoramento destas
infeccbes, por meio de uma abordagem integrada e multidisciplinar (Filoni,
2006). Estudos de Ilongo prazo, envolvendo aspectos ecolégicos, o
monitoramento continuo de populacbes e a pesquisa da ocorréncia de
patdgenos, sdo necessarios para determinar o impacto dos agentes infecciosos
e parasitarios para a conservacado dos carnivoros selvagens (Jorge et al.,
2010).



Muitos fatores ecolégicos e epidemioldgicos podem influenciar a
distribuicdo de infecgcbes em uma populacdo suscetivel, sendo necesséarios
estudos envolvendo levantamentos de exposicdo a patdogenos (Acha & Szyfres,
2003). As técnicas de diagnéstico soroldgico tém grande relevancia por
detectarem anticorpos produzidos para 0 combate aos patégenos,
possibilitando que, mesmo que o agente ja ndo circule no organismo do animal
nem esteja sendo eliminado, seja possivel encontrar indicios indiretos de sua

circulacao (Jorge et al., 2010).

2.1PATOGENOS PESQUISADOS

2.1.1 Toxoplasma gondii

A toxoplasmose é uma das parasitoses mais difundidas e prevalentes
no mundo, acometendo todos os vertebrados endotérmicos (Dubey, 2004).
Consiste em uma doenca zoonética causada pelo Toxoplasma gondii, um
coccideo intracelular obrigatorio do filo Apicomplexa, o qual tem os felinos
domésticos e selvagens como hospedeiros definitivos (OIE, 2008; Menezes,
2011).

O T. gondii € considerado um parasito heteroxeno facultativo e seu
ciclo biologico compreende duas fases distintas, a fase assexuada
(extraintestinal) que ocorre nos linfonodos e tecidos dos hospedeiros
intermediarios, e a fase sexuada (enteroepitelial) que ocorre no epitélio

intestinal dos hospedeiros definitivos (Fialho, Teixeira e Araudjo, 2009).

Os felideos sé@o essenciais no ciclo biolégico do T. gondii, pois sdo o0s
Unicos hospedeiros capazes de transmitir o agente por meio da eliminagdo dos
oocistos do protozoario junto as fezes (Dubey, 2004). Ap6s um a cinco dias em
contato com o0 oxigénio, 0s oocistos esporulam e tornam-se infectantes,
podendo permanecer no solo como fonte de infeccdo por até 18 meses em
condi¢cbes ideais de umidade, oxigenacdo e temperatura (Fialho, Teixeira e
Araujo, 2009).
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A transmissdo das formas infectantes pode ocorrer pela ingestdao de
oocistos esporulados presentes no ambiente ou de cistos contidos nos tecidos
dos hospedeiros portadores, assim como por via transplacentaria (Dubey,
2004). Diversas espécies podem atuar como hospedeiros intermediarios e a
gravidade da infeccdo depende da interagdo parasita-hospedeiro, incluindo o
tipo de cepa, sua patogenicidade, a espécie acometida e o estado imunologico

do hospedeiro (Epiphanio, Sinhorini & Catdo-Dias, 2003).

O diagnéstico da doenca geralmente € realizado por métodos
sorologicos, como hemaglutinagdo indireta (HAI), ensaio imunoenzimatico
(ELISA) e imunofluorescéncia indireta (RIFI), sendo estes bons indicadores de
infeccdo prévia por T. gondii. O teste de aglutinacdo modificada (MAT)
apresenta alta sensibilidade e especificidade e pode ser utilizado para qualquer
espécie, pois ndo necessita de conjugado espécie-especifico (Silva & Silva,
2018). A pesquisa de oocistos nas fezes de felideos pelo método de centrifugo-
flutuacdo de Sheather pode ser realizada, no entanto, o curto periodo de

eliminacao dificulta o diagnostico por meio desta técnica (Menezes, 2011).

A enfermidade tem sido amplamente relatada na fauna selvagem,
sendo os primatas do Novo Mundo e 0s marsupiais autralianos altamente
suscetiveis a doenca (Carme et al., 2009; Casagrande et al., 2013; Fornazari e
Langoni, 2014). A presenca de anticorpos anti-T. gondii ja foi detectada em
felideos silvestres em diversos paises, tanto em zooldgicos como em vida livre,
e a eliminacdo de oocistos ja foi comprovada em gato-mourisco (Herpailurus
yagouaroundi), gato-do-mato-grande (Leopardus geoffroyi), gato-palheiro (L.
colocolo), jaguatirica (L. pardalis) e onca-parda (Silva et al., 2001; Spencer et
al., 2003; Sedlak & Bartova 2006; De Camps et al., 2008; Rivetti Jr. et al., 2008;
Pimentel et al., 2009).

Sabe-se que os felinos raramente desenvolvem a doenga clinica, no
entanto, essas espécies podem ter um papel importante na epidemiologia
natural da infeccdo por T. gondii (Silva, 2006; Canon-Franco et al., 2013;
Furtado, Gennari & Ikuta, 2015). Apesar de ser uma zoonose, ainda nao esta
clara a importancia dos animais selvagens na transmissdo da toxoplasmose
para o homem (Silva, 2006). Aramini et al. (1998) relacionaram o maior surto

da doenga em humanos, no Canada, a contaminacdo de um reservatorio de
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adgua por oocistos do protozoario supostamente eliminados por oncgas-pardas
que habitavam a regido. Portanto, o estudo desta enfermidade em felideos
selvagens é importante no contexto de saude publica e animal, uma vez que

tem sido reportado uma alta soroprevaléncia em animais de vida livre.

2.1.2 Leptospira spp.

A leptospirose € considerada uma doenca infectocontagiosa
reemergente e, provavelmente, uma das zoonoses de maior ocorréncia em
todo o mundo, apresentando elevada incidéncia nos paises tropicas e
subtropicais, onde as condicbes de temperatura e umidade favorecem a
manutencdo do agente no meio ambiente (Genovez, 2018). A infeccdo €
causada por espiroguetas patogénicas pertencentes a familia Leptospiraceae,
género Leptospira spp., as quais apresentam um amplo espectro e podem
acometer uma grande variedade de hospedeiros, incluindo animais domésticos,

selvagens e humanos (Vieira et al., 2017).

Inicialmente, este género foi classificado sorologicamente em 24
sorogrupos e mais de 300 sorovares diferenciados por caracteristicas
antigénicas. Na década de 1990 foi proposta uma classificacdo genética
baseada na hibridizacdo por homologia de DNA, sendo confirmada a existéncia
de 20 genomoespécies de leptospiras (Cerqueira & Picardeau, 2009).
Teoricamente, todos os sorovares podem infectar qualquer animal; porém, um
ndamero limitado apresenta-se endemicamente em determinada espécie ou

regido (Genovez, 2018).

As leptospiras colonizam os tubulos renais proximais dos hospedeiros
infectados e sdo excretadas de forma intermitente na urina, podendo persistir
durante meses em solo Umido ou ambientes aquaticos (Adler & Moctezuma,
2010). As bactérias podem ser transmitidas diretamente pelo contato com
secrecgOes, sangue ou urina de animais infectados, ou indiretamente por meio
de agua contaminada principalmente com urina de animais reservatorios (Paes,
2018; Bharti et al., 2003). Os animais acometidos podem desenvolver um
quadro clinico caracteristico de baixo indice de fertilidade, abortamentos e

transtornos oculares (Corréa, 2006).
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Segundo Genovez (2018), o diagndstico da leptospirose € complexo e
diferentes métodos diretos e indireto podem ser utilizadas. A investigacdo de
anticorpos humorais tem sido a principal metodologia aplicada a rotina
diagnodstica da leptospirose. O teste de soroaglutinacdo microscopica (SAM)
com antigenos vivos € indicado pela Organizacdo Mundial da Saude (OMS)
(Brasil, 1995), sendo considerado uma prova padrao-ouro por apresentar boa
sensibilidade e especificidade, além de detectar imunoglobulinas das classes
IgM e 1gG (Paes, 2018).

Sabe-se que diversas espécies animais sdo suscetiveis a esta zoonose
e podem apresentar infec¢des subclinicas (Acha & Szyfres, 2003). Os animais
selvagens podem atuar como reservatérios de leptospiras, porém, ainda néo
esta claro o real papel dessas espécies como fonte de infeccdo para animais
domésticos e humanos, assim como 0s reservatorios e cepas mais importantes
(Arent et al., 2017).

InvestigacBes sobre a exposicdo de animais selvagens a leptospiras
tém sido realizadas em muitos paises, demonstrando o envolvimento de muitas
espécies na epidemiologia da doenca (Silva et al., 2010; Petrakovsky et al.,
2014). Roedores, xenarthras, carnivoros e artiodactilos podem atuar como
potenciais disseminadores de diversos sorovares (Michna et al., 1970; Corréa,
2006). Levantamentos sorolégicos tem evidenciado positividade em diferentes
espécies, tanto ex situ (Lilenbaum et al., 2004; Corréa et al., 2004; Guerra Neto
et al., 2004; Esteves et al., 2005; Ullmann et al., 2012) quanto in situ (Millan et
al., 2009; Jorge et al., 2011; Onuma et al., 2014).

Para estabelecer se um animal que apresentou titulos ou teve
resultado positivo por técnicas moleculares € um reservatorio patogénico de
leptospirose, sdo necessarios estudos mais aprofundados (Ullmann & Langoni,
2011). Algumas pesquisas obtiveram sucesso no isolamento de leptospiras de
animais silvestres, fornecendo informacdes mais confiaveis sobre seu papel

como portadores (Vieira et al., 2017).

Pouco se sabe sobre os possiveis mecanismos de transmissao
envolvendo animais selvagens e humanos, por isso, a implementacdo de

medidas de controle pode ser desafiadora devido ao crescente contato entre
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animais domeésticos e fauna selvagem. A reducado de habitats de vida selvagem
favorece processos de spillback e spillover na interface vida selvagem-
pecuaria-humana, possivelmente levando ao surgimento de leptospirose em

algumas areas geograficas (Petrakovsky et al., 2014).

Segundo Vieira et al. (2017), a leptospirose € amplamente difundida
entre a vida selvagem em todos os biomas da América Latina; entretanto, as
informacdes disponiveis ainda sdo escassas e ndo representam um cenario
epidemioldgico claro. Neste contexto, sdo necessarias mais pesquisas sobre o
papel da fauna selvagem na epidemiologia da infeccdo e seu impacto na
pecuaria e na saude publica, principalmente com foco na deteccéo direta do

agente.

2.1.3 Virus daleucemia felina (FeLV)

Os retrovirus estdo entre 0s agentes virais mais importantes para
felideos domésticos e selvagens (Filoni et al. 2003). O FeLV pertence ao
género Gammaretrovirus e caracteriza-se por sua capacidade de integrar no
genoma das células hospedeiras, estabelecendo infeccdes de carater
persistente e causando uma ampla gama de sindromes clinicas, como
neoplasias linfo ou mieloproliferativas, doencas degenerativas, citopenias,

sindrome de imunodeficiéncias e coinfec¢bes (Hagiwara & Junior, 2018a).

Segundo Hagiwara e Junior (2018a), este virus é eliminado na saliva
de gatos virémicos e pode ser transmitido por contato direto ou por meio do uso
comum de fontes de a4gua e alimentos. A transmissao vertical intrauterina ou
perinatal também pode ocorrer. A evolu¢do da infeccdo é varidvel de acordo
com a idade e o estado imune do animal, patogenicidade do virus e carga viral,

sendo os filhotes mais suscetiveis do que os adultos.

O diagnostico da infeccdo por FeLV é estabelecido por meio de
métodos diretos de deteccdo do virus ou do DNA proviral ou RNA viral no
sangue periférico (Filoni & Catdo-Dias, 2005a). Os kits disponiveis
comercialmente sdo 0s mais empregados e detectam a proteina p27, a qual é
produzida abundantemente durante a replicacdo do agente, porém, o resultado

positivo de um unico teste ELISA nao significa viremia persistente e deve ser
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confirmado apdés 12 semanas (Gomes-Keller et al, 2006). Outros testes
normalmente empregados se baseiam na pesquisa de antigenos virais,
produzidos em excesso durante a replicacdo do agente, sdo eles: ELISA,
imunomigracdo rapida (RIM), ensaios imunocromatograficos (ICGA),

imunofluorescéncia indireta (IFl) (Hagiwara & Junior, 2018a).

A infecc@o por FelLV é rara na maioria dos felideos selvagens; porém, o
agente ja foi detectado diferentes espécies, demonstrando que este virus pode
ter importancia para felideos selvagens (Adania, Silva e Felippe, 2014). Costa
et al. (2005), analisaram trés oncas-pardas e duas jaguatiricas por
imunofluorescéncia indireta e detectaram anticorpos em uma das oncas e
ambas as jaguatiricas foram soropositivas. Filoni (2006) observou provirus de
FeLV e RNA viral em dois gatos-mouriscos mantidos sob cuidados humanos,

além da existéncia de anticorpos em oncgas-pardas de vida livre.

O FelLV demonstrou ser patogénico na maior parte das vezes em que foi
diagnosticado em felideos selvagens. Desta maneira, pode-se supor que 0
agente possa ter efeitos devastadores se introduzido em populacdes indenes
(Filoni & Catéao-Dias, 2005a).

2.1.4 Virus da imunodeficiéncia felina (FIV)

O FIV é um Lentivirus que causa uma infeccdo importante para 0s
gatos domésticos, a qual envolve deplecdo de linfécitos T com receptores do
tipo CD4+, suscetibilidade a infecgbes secundérias e morte, sendo conhecida
como sindrome da imunodeficiéncia adquirida (Hagiwara & Junior, 2018b). Trés
espécies do género Lentivirus podem infectar felideos: o FIV isolado a partir do
gato doméstico, o FIV-O isolado de um gato-de-pallas (Otocolobus manul) e o
lentivirus de puma (PLV) isolado de pumas norte-americanos (Filoni & Catéo-
Dias, 2005a).

A deteccdo de antigenos virais, proteinas e provirus do FIV ja foi
descrita em cerca de metade das espécies de felideos em todo o mundo,
podendo indicar algum papel desses animais na ecoepidemiologia da
imunodeficiéncia felina (Teixeira et al., 2012; Adania, Silva e Felippe, 2014).



15

De acordo com Filoni & Catdo-Dias (2005b), enquanto o FelLV é
patogénico para os felideos selvagens, a patogenicidade dos diferentes
lentivirus felinos € controversa nessas espécies. Ainda ndo ha informacdes
sobre a ocorréncia de doenca clinica ocasionada pelo FIV nesses animais,
também, ndo se sabe se estes desenvolvem um periodo assintomatico, como
observado em gatos domeésticos. De qualguer maneira, a transmissao
interespecifica a partir do gato doméstico € possivel. As espécies com maior
grau de sinantropia, ou em situacfes que favorecam o contato com gatos

domeésticos sdo mais suscetiveis a essa transmissao.

A transmissdo natural ocorre principalmente pela saliva, por meio de
mordidas, sendo os machos mais predispostos a infeccdo em funcdo do
comportamento mais agressivo. Gatos domeésticos no entorno de Unidades de
Conservacdo podem atuar como reservatérios para os felideos selvagens
(Adania, Silva e Felippe, 2014).

A infeccdo por FIV é mais comumente diagnosticada por meio da
deteccdo de anticorpos, o que indica infeccdo persistente e capacidade de
transmissdo de virus para outros hospedeiros (Filoni & Catdo-Dias, 2005b).
Métodos soroldgicos diretos geralmente ndo séo realizados porque os niveis de
virus circulantes sdo muito baixos, situando-se abaixo do limite de detecc¢éo
destes testes. Pode-se utilizar testes rapidos realizados em sangue total, soro

ou plasma.

Varios testes laboratoriais estdo disponiveis, no entanto, estabelecer o
verdadeiro estado de infeccdo por FIV em gatos as vezes pode ser dificil,
mesmo com testes adicionais (Adania, Silva e Felippe, 2014). O Western
blotting e PCR tem sido usados como testes adicionais para o diagndstico de
FIV (Little et al., 2020).
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ORIGINAL CONTRIBUTION

Serological survey for selected pathogens in free-ranging

cougars (Puma concolor) in Sdo Paulo, Brazil

Abstract: This study performed a serological assay to assess the exposure of
free-ranging cougars (Puma concolor) to four selected infectious agents,
including Toxoplasma gondii, Leptospira spp., the Feline Immunodeficiency
Virus (FIV) and the Feline Leukemia Virus (FeLV). Serum samples were
collected from 27 free-ranging cougars from 16 cities located along the Tieté
River Basin, in the central region of the State of Sdo Paulo, Brazil. The
presence of antibodies for T. gondii, Leptospira spp. and FIV was detected
respectively by the modified agglutination test (MAT-t), the microscopic
agglutination technique (MAT-I), and an enzyme-linked immunosorbent assay
(ELISA). The results showed the occurrence of infection with three of these
pathogens in the cougars in that region. Infections by T. gondii were the most
prevalent, observed in 59.3% (16/27) of the animals. Antibodies against
Leptospira spp. and FIV were also detected, both with a prevalence of 11.1%
(3/27). No sample reacted to the FeLV. These results suggest that free-ranging
cougars are exposed to several agents that are potentially pathogenic for the
species, highlighting the need for a constant monitoring of the epidemiologic

profile of these animals, particularly in highly fragmented areas.
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1 INTRODUCTION

The reduction and fragmentation of the habitat, motor vehicle collisions, illegal
trafficking and the continuous pressure exerted by hunting are the main threats
to the survival of wild felids (Adania et al. 2014). In addition, the impact of
infectious diseases on the populations in situ should also be considered since
these populations are particularly relevant for conservation of these species and
represent a considerable threat to biodiversity (Daszak et al. 2000; Lafferty &
Gerber 2002; Smith et al. 2009).

In addition to their impact on the conservation of wild felines, the occurrence of
some of these zoonoses in the wild may represent a risk for Public Health (Acha
& Szyfres 2003). Anthropogenic changes in the landscape have also led to
changes in the relationship between pathogen and host, and, in addition, the
closer proximity between humans, domesticated animals and wild animals may
lead to more opportunities for the dissemination of several pathogens and
appearance of emerging or re-emerging diseases (Jorge et al. 2010).
Toxoplasma gondii is a protozoon from the Apicomplexa phylum that targets
domestic and wild felids as its definitive host (Dubey 2004; OIE 2008; Menezes
2011). Serological assays have shown a wide dispersion of this agent between
several species of wild felids worldwide (Spencer et al. 2003; Renddn-Franco et
al. 2012; Onuma et al. 2014), indicating that these animals may play an
important role in the maintenance and transmission of the pathogen in natural
environments (Furtado et al. 2015). The occurrence of toxoplasmosis in wild

felids is rare, but the infection with T. gondii can pose a threat to Public Health
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since these animals may serve as sources of infection for humans (Aramini et
al. 1998; Amendoeira et al. 2003).

Leptospirosis is a disease caused by bacteria from the Leptospira spp. genus
and is one of the most prevalent zoonosis around the world (Genovez 2018).
Evidence indicated that the disease shows a widespread dissemination across
the wild fauna in all biomes found in Latin America (Vieira et al. 2017). Its
occurrence has been reported in several species in the wild (Jorge et al. 2012;
Scialfa et al. 2013; Fratini et al. 2015; Albuquerque et al. 2017; Castro et al.
2018), but the role of these individuals as a source of infection for humans and
other animals is still unclear. Therefore, studies regarding the occurrence of this
agent in free-ranging populations are of particular importance since understand
its dynamics in natural environments is essential to prevent outbreaks and
establish adequate prophylactic measures (Vieira et al. 2017).

Retroviruses are among the most important viral agents for domestic and wild
felids (Hagiwara & Junior 2018). The Feline Immunodeficiency Virus (FIV) has
been reported in around half of the wild felids species around the world
(Hofmann-Lehmann et al. 1996). On the other hand, infection by the Feline
Leukemia Virus (FeLV) is rare in wild felids (Adania et al. 2014), but the agent
has proven to be pathogenic in most of the diagnosed cases in these species,
indicating that the virus may have devastating effects on these populations
(Filoni et al. 2006; Brown et al. 2008).

Considering the degree of vulnerability of neotropical felines, the continuous
monitoring of potential infectious agents leads to a better understanding
regarding the overall health of free-ranging populations and may serve as a

basis for in situ conservation actions. This study aims at evaluation through a
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serological assay the exposure of free-ranging cougars (Puma concolor) to
selected infectious agents, including T. gondii, Leptospira spp., FIV and FelLV,

around the region of the Tieté River Basin, in the State of S&o Paulo, Brazil.

2 METHODS

Study Area

The study area was located along the Tieté River Basin, in the State of Sdo
Paulo, Brazil. That is the largest hydrographic basin in the State, extending for
over 30% of the territory (SIGRH 2011). Part of the animals sampled in this
study were found in 10 cities located in the region, and another six individuals
rescued in nearby cities were also included in the analysis [Figure 1].
Characterized originally by the presence of residual areas of Atlantic Forest
interspersed with transition zones with the Cerrado, the landscape of this region
has been altered by human activity over the last few decades. The native
vegetations was significantly altered due to the cycles of agricultural expansion,
industrial development and urbanization, and, today, it has been reduced to
small, fragmented and disconnected forested areas. Nowadays the region is
characterized by a strong industrial and agricultural activity, as well as by large

urban areas.

Animals
Between 2013 and 2020, serum samples were collected from 27 free-ranging
cougars (P. concolor). Twelve of these animals were captured using the foot

snhare technique during field activities of the Pumas in the Tieté River Basin
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Project, a conservation program of the Institute for the Conservation of
Neotropical Carnivores — “Pro-Carnivoros”. The remaining samples (15/27)
were collected from rescued individuals forwarded to the CEMPAS — Centro de
Medicina e Pesquisa em Animais Selvagens at Faculdade de Medicina
Veterinaria e Zootecnia da Universidade Estadual Paulista (UNESP -
Botucatu), Sdo Paulo State, Brazil. Blood samples were taken on the same day
that the felids arrived at the institution, as part of the quarantine program.

Of the 27 cougars examined, 9 were females and 18 were males; 5 were kittens
(<16 months), 8 juveniles (16—24 months), and 14 were adults (>24 months).
The age of the animals was estimated based on the degree of dental wear and
gum recession (Ashman et al. 1983). Except for the rescued animals treated at
CEMPAS, all individuals captured in situ presented good health condition,
adequate body condition and absence of alterations or clinical signs indicating
disease. Information regarding the animals, including identification, sex, age
group, weight, history and origin, as well as the collection dates of blood, are

listed in Table 1.

Sample Collection

The animals were restrained using an association of tiletamine/zolazepam (10
mg/kg; Zoletil 100®) and xylazine (0.5 mg/kg). The drugs were administered
intramuscularly through a dart. When necessary, the anesthesia was
maintained through the intravenous injection of propofol (0.5 mg/kg) in bolus.
Blood samples were collected by puncture of the cephalic or saphenous vein.
The blood was stored in tubes without anticoagulant and kept at room

temperature until clot retraction. The samples were centrifuged to obtain the
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serum, which was divided in portions of 0.5 to 1 mL in properly identified
polypropylene microtubes. The serum samples were stored at -20°C until
analysis. All information regarding the history and general condition of the
individuals were recorded in individual profile cards for later analysis under the

light of the results obtained.

Serological Analyses

The identification of anti-T. gondii antibodies was performed through the
modified agglutination technique as per the methodology previously described
by Dubey & Desmonts (1987). Tachyzoites of the RH strain inactivated by the
formaldehyde were used as antigens. The analyses were performed in
partnership with the Laboratory of Zoonoses and Public Health of the
Department of Preventive Veterinary Medicine at the Londrina State University,
Parana State, Brazil.

The test serums, as well as the positive and negative controls, were initially
diluted at a 1:16 ratio in buffered saline solution (pH 7.2). The diluted serum
was then transferred to a U-shaped microplate contained the antigen diluted in
buffered borate (pH 8.5), 2-mercaptoethanol and Evans blue. The plate was
sealed and incubated overnight at 37°C. The mass fractions corresponded to
the highest dilution that presented agglutination (threshold = 1:64).

The microscopic agglutination method (MAT-lI) was used to identify the
antibodies for Leptospira spp. The technique was performed at the laboratory of
the Zoonoses Diagnostic Service of the Department of Veterinary Hygiene and
Public Health at FMVZ/UNESP, Botucatu, Brazil, using 12 serovars prevalent in

the region and relevant to carnivores (Australis, Autumnalis, Bratislava,
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Canicola, Cynopteri, Djasiman, Grippotyphosa, Copenhageni,
Icterohaemorrhagiae, Pomona, Pyrogenes e Hardjo) (Table 2). The antigens
were kept in an oven at 28-30°C in a liquid Ellinghausen-McCollough-Johnson-
Harris (EMJH) culture medium and cultivated weekly.

The test was performed as advocated by Brasil (1995), in two stages. First, the
samples were screening with a 1:100 dilution in buffered saline (pH 7.6) and
those with at least 50% of the leptospira agglutinated were considered positive.
Then, the reactive samples underwent a titration test with reacting antigens in a
series of dilutions following a geometric progression (1:100, 1:200, 1:400, 1:800
and 1:1600).

The reading was performed in a dark field microscope (Zeiss®) with 100x
magnification. The mass fraction was considered equivalent to the highest
dilution in which there was 50% or more agglutination per microscopic field in
comparison with the control. Samples were considered to be reactive when the
titration was 100 or higher.

For the identification of the retroviruses, the serum samples were tested with
commercially available enzyme-linked immunosorbent assays SNAP® Combo
Plus FeLV Ag/FIV Ab Test Kit (IDEXX Laboratories, Westbrook, ME 04092
USA). This method simultaneous detects antibodies against feline lentiviruses
and the p27 viral antigens of FeLV in samples of blood, serum or plasma of
felines through the enzyme-linked immunosorbent assay technique (ELISA),
presenting sensitivity and specificity of 93.5%100% for FIV and 98.6%/98.2%
for FelLV, respectively. The test was performed as per the manufacturer’s

instructions.
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Statistical Analyses

The data was analyzed using the statistics software Statistical Analysis System
version 9.3 (SAS 2011). The Logistic procedure was used to perform a logistic
regression technique to analyze the presence of antibodies against T. gondii,
Leptospira spp., FIV and FeLV in the animals considering that the variables are
categorical dependent. The regression coefficients (B) were identified as the
rate of change in a category of the dependent variable (y) per unit of change in
the independent variables (x) in relation to the reference categories. The
reference categories for the independent variables “Sex” and “Age” were

“Males” and “Adults”, respectively.

3 RESULTS

The tests detected evidence that the cougars were exposed to three of the four
pathogens researched [Figure 2]. The prevalence rate of antibodies against T.
gondii, Leptospira spp. and FIV were 59.3% (16/27), 11.1% (3/27) and 11.1%
(3/27), respectively.

Of the 27 cougars in the study, 16 were seroreactive to T. gondii with titration of
64 (n=10), 256 (n=3) and 1024 (n=3). Three of these animals also presented
antibodies against Leptospira spp., with serological mass fractions of 100
(animals 1 and 23) and 200 (animal 12). The most probable serovar for these
animals was Djasiman. Three cougars were also seropositive for FIV, but none
of the samples analyzed was reactive to FeLV.

All juvenile and adult individuals presented antibodies against one or more
pathogens. None of the kittens were seropositive for the studied diseases.

According to the sex, 83.3% (15/18) of the males and 77.7% (7/9) of the
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females were seropositive for T. gondii. All animals seropositive to FIV were
adult males, but antibodies against Leptospira spp. were detected in one female
and two males, all adults.

According to the logistic regression model, there were no statistically significant
differences (p>0.05) between sex and age in comparison with the reference
categories. It was not possible to perform the same analysis for FeLV because

all results were negative for this pathogen.

4 DISCUSSION

The high prevalence of T. gondii observed in this study (59.3%) was in line with
the results described for several species of wild felids. In Brazil,
seroprevalences ranging from 54.6% to 100% have been reported for felines
kept under human care (Silva et al. 2001; Rivetti Jr. et al. 2008; Pimentel et al.
2009; André et al. 2010). Silva et al. (2001) have detected antibodies in 48.3%
of the cougars living in 86 Brazilian zoos. However, studies with free-ranging
wild cougars are still scarce in the country.

A serological survey conducted with 438 specimen of P. concolor native from 15
countries in the Americas observed a prevalence of 22.4% (Kikuchi et al. 2014).
Still according to the authors, animals from Mexico, Central America and South
America presented higher chances of being seropositive than animals from the
United States and Canada. In the United States, Spencer et al. (2003) analyzed
42 serum samples of cougars in situ and observed the presence of antibodies
anti-T. gondii in only 23.8% (10/42) of the animals.

Among the seropositive animals, the analysis detected serological mass

fractions equal to 64 (n=10), 256 (n=3) and 1024 (n=3), with the highest
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titrations observed only in adult animals. These results are in line with the
results reported by Kikuchi et al. (2014), who observed a higher prevalence of
antibodies in adult animals, suggesting that the highest fractions indicate
repeated exposure to the infection. In that study, despite the lack of statistically
significant differences between the different age groups, none of the kittens
(n=5) presented antibodies against the agent. According to Franti et al. (1976),
the prevalence of anti-T. gondii antibodies is higher in older carnivores. This fact
may be related to the feeding habits of the species, getting infected primarily
through the ingestion of cysts present in the tissues of their prey.

In this study, it was not possible to perform a direct test for T. gondii in the feces
of the studied animals, but the elimination of oocysts has been proven in
several species of wild felines, including P. concolor (Aramini et al. 1998). Even
though these animals excrete a low number of oocysts in comparison with
domestic cats, the contamination of the environment may be considerable due
to the extensive area inhabited by these predators (Dahroug 2014).

It is important to highlight the existence of large municipal water reservoirs
within the studied area and the possibility that the cougars could act as sources
of T. gondii infection to other animals or humans. The contamination of water
sources by oocysts has already been reported, proving that this should be
considered an important transmission route for humans (Aramini et al. 1998). A
large number of people have already been infected by this protozoon in Brazil
due to the contamination of municipal water reservoirs by oocysts excrete in the
feces of domestic cats (Brasil, 2002).

In Canada, an outbreak involving humans was linked to the presence of oocysts

in the water, presumably excreted by pumas inhabiting the region (Aramini et al.
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1998). For this reason, it is of utmost importance to constantly monitor these
water reservoirs in order to minimize possible public health risks.

The modified agglutination test used in this study was chosen for presenting
higher sensitivity in comparison with other tests, in addition to being the most
widely used technique in epidemiological studies with wild felines (Silva et al.
2007; Montazeri et al. 2020). Silva et al. (2016) assessed 21 serum samples of
four different species of neotropical felines using both the modified agglutination
test and the indirect hemagglutination technique (IHA), observing the former
was capable of detecting a larger number of positive animals.

As expected, no clinical evidence of toxoplasmosis was observed during the
evaluation of the animals. Even today, the real impact of toxoplasmosis on free-
ranging populations of cougars are still unknown. Even though the clinical
manifestation of the disease is rarely observed in felines, cases have been
reported in cheetahs (Acinonyx jubatus), Pallas’s cats (Otocolobus manul),
bobcats (Lynx rufus), tigers (Panthera tigris) and lions (P. leo), highlighting the
susceptibility of these species to the agent (Lloyd & Stidworthy 2007; Basso et
al. 2005; Kenny et al. 2002; Dorny & Fransen 1989; Ocholi et al. 1989; Dubey et
al. 1988; Dubey et al. 1987).

Of the 27 animals sampled for this study, only three (11.1%) were seroreactive
for Leptospira spp., supporting the results of the largest serological survey with
felines under human care in Brazil, in which 12.9% (9/70) of the cougars
presented antibodies against Leptospira (Guerra-Neto 2006). A similar rate has
been reported in a study developed in the Sado Paulo Zoo, in which 17 (16.8%)
of the 62 neotropical exotic felines were seropositive to leptospirosis (Corréa et

al. 2004).
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Recently, a higher prevalence (46%) has been reported in free-ranging cougars
in California (Straub et al. 2021). However, there are few studies performed in
situ with populations of wild felines and information regarding this subject is still
scarce.

In all seropositive cougars, the only serovar detected was the Djasiman serovar
of L. interrogans, diverging from the results observed by other authors. Based
on the literature, the most prevalent serovars reported in felines was
Autumnalis, Butembo, Pomona, Grippotyphosa, Icterohaemorrhagiae, Canicola,
Andamana, Patoc, Copenhageni and Bratislava serovars (Guerra-Neto, 2004;
Corréa et al., 2004; Guerra-Neto, 2006; Esteves, 2005; Jorge et al., 2011;
Ullimann et al., 2012; Straub et al., 2021).

Even though it has been associated with human leptospirosis in the past (Ismail
et al. 2006; Héry et al. 2015), the Djasiman serogroup is seldom reported in the
literature and this is the first record of its occurrence in P. concolor. However, it
has already been detected in other wild species, including ocelots (Leopardus
pardalis), opossums (Didelphis spp.), primates, capybaras (Hidrochoerus
hidrochoeris) and wild boars (Sus scrofa scrofa) (Ullmann et al. 2012; Lenharo
et al. 2012; Langoni et al. 2016; Vieira et al. 2016; Cutolo et al. 2020).

In the same region in which this study was performed, Fornazari et al. (2018)
observed a high prevalence of the Djasiman serovar in several wild species,
including coatis (Nasua nasua), nine-banded armadillos (Dasypus
novemcinctus), lesser grisons (Galictis cuja) and other mammals, indicating the
circulation of this serovar in free-ranging life. Some of these species are
commonly preyed upon by cougars (Azevedo et al. 2018), which could act as

possible sources of infection for these predators. It is known that transmission
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happens chiefly through contact with water contaminated with the urine of
infected animals, but the Leptospira may also be transmitted through the
ingestion of infected prey.

No clinical alterations indicative of leptospirosis were observed in the animals
evaluated in this study. According to Corréa (2006), due to their habit of preying
upon rodents, which are pointed as the main reservoirs of the agent, animals of
the Felidae family are more resistant to infections by Leptospira, presenting low
mass fractions and no signs of infection. Even though there are few evidences
of the occurrence of leptospirosis in felines, a fatal case involving a cougar was
reported in the Rio de Janeiro Zoo by Lilenbaum et al. (2004).

Even though the presence of the bacteria in the urine of seropositive animals
was not confirmed, the role of these animals as reservoirs of Leptospira should
be further clarified, as well as its relevance in public health issues in the region
studied.

This study found antibodies against FIV in three cougars, indicating that the
agent is in circulation in the wild environment. The detection of antibodies
against this virus highlights the need to monitor individuals for further
information, considering that the real impact of this pathogen to the general
health of free-ranging populations still remain unknown.

All seropositive animals were adult males, which is in line with the results
reported in other studies. Several authors observed a higher prevalence of this
infection in male individuals, as is the case in domestic cats, which suggests
that the frequent disputes for resources between animals of this sex may
increase the chance of disseminating the virus, which is transmitted mainly

through the saliva (Biek et al. 2006; Bevins et al. 2012; Reynolds et al. 2019).



30

According to the physical examination performed at the time of sample
collection, there were no clinical signs of disease. However, studies indicate
that these viruses may represent a potential risk to wild populations (Filoni et al.
2006). Cases of infection by FIV have been reported in lions (Panthera leo),
pumas (Puma concolor coryi) and lIberian lynxes (Lynx pardinus) (Roelke-
Parker et al. 1996; Fromont et al. 2000; Lopez et al. 2009).

The serological analyzes have shown that these individuals were also positive
to other infectious diseases, such as toxoplasmosis (3/3) and leptospirosis
(1/3). It is known that the infection by FIV persists for the entire life of the animal
and, although without significant mortality rates, leads to immunosuppression
and may predispose the animals to other infectious diseases or influence their
impact on the organism (Biek et al. 2006). Roelke-Parker et al. (1996) reported
lymphocytopenia in free-ranging cougars, suggesting that the infection may lead
to immunological perturbations, similar to other lentiviral infections.

Two of the seroreactive animals were rescued near urbanized areas, where
there is a circulation of stray cats, which may eventually transmit the
retroviruses. The interspecies transmission between wild and domestic felines
is possible, being more probable in wild species with higher potential for
synanthropic behavior or in situations that favor contact with such animals
(Jessup et al. 1993). This type of transmission has been reported in several
species and cats are considered the main source of infection (Franklin et al.
2007; Brown et al. 2008; Lee et al. 2016).

In all regions sampled, the natural landscapes modified by the actions of
mankind are an alarming point and the presence of domestic animals in these

areas represents yet another threat to the conservation of the wild fauna. In this
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study, it was impossible to determine the nature and origin of the virus because
there was no material available for isolating and molecularly characterizing the
pathogen.

The study of antibodies against the retroviruses was performed using the SNAP
Combo FeLV Ag/FIV Ac test. This test presents high sensitivity and specificity in
domestic cats and has been increasingly employed in the diagnostic of FIV and
FeLV in wild felines since there is a perfect sequence homology between the
main proteins of the viral capsid of lentiviruses, allowing for cross reactivity
(Filoni et al. 2003; Nava 2008; Furtado 2010).

None of the cougars evaluated in this study were seroreactive for FeLV. These
results support the results observed with Furtado (2010) and Nava (2008) in
studies developed with free-roaming jaguars employing the same diagnostic
method. The occurrence of FeLV is rare in wild felines, but there are reports of
exposure of several species to the agent in many countries (Miller et al. 2003;
Ostrowski et al. 2003; Schmitt et al. 2003; Millan et al. 2009; Tangsudjai et al.
2010). The agent has been associated with severe disease in pumas (Jessup et
al. 1993; Brown et al. 2008) and cheetahs (Marker et al. 2003).

Even though the p27 antigen of FeLV was not found in the serological analyses
of the animals sampled, we may not exclude the possibility of latent infections.
A negative test does not necessarily mean lack of exposure to the pathogen;
serological assays may return negative results if the samples are collected
during the most initial stages of the infection, before the development of specific

antibodies, or when the viral loads are very low (Gomes-Keller et al, 2006).
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5 CONCLUSION

These results show that the cougars in the studied region have been exposed
to several infectious agents. The serological analyses revealed a significant
occurrence of infection with T. gondii, while few animals were seropositive for
Leptospira spp. and FIV. The occurrence of co-infections was observed in five
animals. Apparently, infections by FeLV do not represent a threat for free-
ranging cougar populations in the region studied. The continuous and long-term
monitoring the health of these animals is of utmost importance to clarify the role
of P. concolor in the epidemiologic cycle of these diseases and possibly help in
the development of preventive and control measures aiming both the

conservation of the wild fauna and the protection of human health.
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Table 1. Infectious agents in free-ranging cougars (Puma concolor) around the region

of the Tieté River Basin, in the State of Sao Paulo, Brazil.

Age

ID  Sex range History Tox! Lep?> FIV FeLV
1 Female Adult Captured + + - -
2 Male Adult Captured - - - -
3 Female Adult Captured - - - -
4  Male  Juvenile Rescued - - - -
5 Female Juvenile Rescued + - - -
6 Male Adult Captured + - + -
7  Male Adult Rescued + - - -
8 Male Adult Captured + - + -
9 Male Juvenile Captured + - - -
10 Male  Juvenile Captured + - - -
11  Male Adult Captured + - - -
12 Male Adult Rescued + + - -
13 Male Kitten Orphaned - - - -
14  Male Kitten Orphaned - - - -
15 Female  Kitten Orphaned - - - -
16 Female  Kitten Orphaned - - - -
17 Male Adult Run over - - - -
18 Male Adult Run over + - - -
19 Female Juvenile Run over - - - -
20 Female Juvenile Run over + - - -
21  Male  Juvenile Rescued + - - -
22 Female Juvenile Run over + - - -
23 Male Adult Run over + + + -
24  Male Adult Rescued + - - -
25 Female  Kitten Orphaned - - - -
26 Male Adult Run over - - - -
27 Male Adult Run over + - - -

1Toxoplasma gondii. 2Leptospira spp. *Positivo. “Negativo.
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Table 2. Leptospira serovars tested by microscopic agglutination test (MAT).

Laboratory of the Zoonosis Diagnosis Service — Botucatu/SP, Brazil.

Specie Serogroup Serovar Sample

i Australis Ballico
_Leptosplra Australis 5 -
Interrogans Bratislava Jez-bratislava
_Leptosplra Autumnalis Autumnalis Akiyami A
interrogans
!_eptosplra Canicola Canicola Hond Utrecht
Interrogans v
Leptospira kirshneri ~ Cynopteri Cynopteri 3552 C
Leptospira Djasiman Djasiman Djasiman
interrogans
Leptospira kirshneri ~ Grippotyphosa Grippotyphosa Moska V

i Copenhageni M 20
!_eptosplra Icterohaemorraghiae i g -
interrogans Icterohaemorraghiae RGA
!_eptosplra Pomona Pomona Pomona
interrogans
Leptospira .
interrogans Pyrogenes Pyrogenes Salinem
Leptospira Sejroe Hardjo Hardjoprajtino

interrogans
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Figure 2. Occurrence of Toxoplasma gondii, Leptospira spp. (serovar Djasiman) and

FIV infections in free-ranging cougars in the State of S&o Paulo, Brazil. IPCU = Integral

Protection Conservation Units; SUCU = Sustainable Use Conservation Units.
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