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RESUMO
O objetivo do estudo foi investigar a ocorréncia de patdgenos de interesse em saude Unica
em canideos silvestres de cativeiro e de vida livre na regido nordeste do Brasil. Amostras
bioldgicas (fezes, pelos, sangue) foram coletadas de 25 cachorro-do-mato (Cerdocyon
thous) de quatro estados: Alagoas, Bahia, Paraiba e Pernambuco. A partir dessas amostras
foi possivel obter o primeiro isolado de Toxoplasma gondii (genétipo #13) em cachorro-do-
mato; Ctenocephalides canis e felis, Sarcoptes scabiei, Malassezia pachidermatis em
animais da Paraiba, além de um caso de co-infeccdo com Microsporum gypseum;
isolamento de Clostridium perfringens — tipo A em cinco amostras de fezes (uma amostra
positiva para toxina beta-2) e Clostridium difficile em duas amostras de fezes. Na analise
molecular (PCR) e soroldgica (MAT para T. gondii, NAT para N. caninum, ELISA para L.
chagasi e MAT para Leptospira sp) foram observadas frequéncias de anticorpos anti-T.
gondii de 50% e 29,41% em canideos silvestres de cativeiro e de vida livre, respectivamente,
frequéncias de anticorpos anti-N. caninum de 62,50% e 23,52% em canideos silvestres de
vida-livre e cativeiro, respectivamente e frequéncia de anticorpos anti-L. chagasi de 4,0% em
canideos silvestres de cativeiro. Ndo houve amostras de soro positivas para Leptospira, bem
como auséncia de PCR positiva para os patdgenos analisados no sangue. Os resultados deste
estudo demonstram a circulacdo de patégenos de impacto em salde Unica. Estudos
envolvendo animais silvestres e doencas infecciosas devem ser realizados para fornecer dados

epidemioldgicos sobre essas doencas e orientar acdes de vigilancia e controle.

Palavras-chave: canideos silvestres, epidemiologia, salde Unica, zoonoses



ABSTRACT

The aim of this study was to investigate the occurrence of pathogens of interest in One
Health in captive and free-range wild canids from northeastern Brazil. Biological samples
(stool, fur and blood) were collected from 25 crab-eating foxes (Cerdocyon thous) from four
states: Alagoas, Bahia, Paraiba, Pernambuco. From these samples was possible to obtain the
first Toxoplasma gondii isolate (genotype #13) in crab-eating fox; Ctenocephalides canis
and felis, Sarcoptes scabiei, Malassezia pachidermatis in animals from Paraiba and also one
co-infection case by Microsporum gypseum; isolation of Clostridium perfringens — type A
in five stool samples (one of them positive to beta-2 toxin) and Clostridium difficile in two
stool samples. In molecular (PCR) and serological analysis (MAT for T. gondii, NAT for N.
caninum, ELISA for L. chagasi and MAT for Leptospira spp) were observed frequencies of
anti-T. gondii antibodies of 50% and 29.41% in captive and free-range wild canids,
respectively, frequencies of anti-N. caninum antibodies of 62.50% and 23.52% in free-range
and captive wild canids, respectively, frequency of anti-L. chagasi antibodies of 4.0% in
captive wild canids. There were no serum samples positive for Leptospira, as well as
absence of positive PCR for the pathogens analyzed in the blood. The results of this study
demonstrate the circulation of pathogens with an impact on One Health. Studies involving
wild animals and infectious diseases should be performed to provide data on the
epidemiology of these diseases and to guide surveillance and control measures.

Keywords: wild canids, epidemiology, one health, zoonoses
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1. INTRODUCAO

O Brasil possui uma grandiosa biodiversidade de flora e fauna distribuidas nos mais
diferentes e ricos ecossistemas, apresentando em torno de 20% do numero total de espécies
existentes, a maior riqueza de espécies e a mais alta taxa de endemismos (GODOQY, 2006),
alcancando o 3° lugar em numero de espécies de mamiferos, reunindo aproximadamente 600
espécies (INSTITUTO HORUS, 2006). Tal diversidade infelizmente tem sido amplamente
ameacada por interferéncia direta humana, decorrente de desmatamentos, invasdo dos
ambientes naturais e o trafico de animais silvestres. Estas interferéncias tém causado reducéo
nas populagdes de animais selvagens em todo o mundo, em curto intervalo de tempo
(NUNES, 2007).

Somada a perda de habitats, caca e poluicdo, a ocorréncia de doencas é um grave
problema para conservacao de espécies selvagens. A ocorréncia de patdgenos pode provocar o
declinio substancial das popula¢fes de animais silvestres, alterando a sua distribuicdo em
algumas regides. Ao longo dos ultimos anos, o impacto das doencgas nos animais selvagens de
vida livre tem causado grande preocupacao entre os conservacionistas (CLEAVELAND et al.,
2007).

Surtos de cinomose foram relatados em carnivoros de vida livre na Africa e América
do Norte, alguns deles causando declinios populacionais significativos em decorréncia de
aumento da mortalidade. Davidson et al. (1992) relataram que o virus da cinomose foi
responsavel por 78% da mortalidade das raposas cinzentas do sudeste norte-americano. De
acordo com Alexander e Appel (1994), a populacdo de cachorro selvagem-africano
desapareceu da Reserva de Masai Mara, no Quénia devido a uma epidemia de cinomose.
Segundo Maia e Gouveia (2002), entre 1989 e 1998, 19,4% dos Gbitos em lobos-guards em

cativeiro no Brasil foi atribuida & cinomose.

A introducdo do virus rdbico pode resultar em graves consequéncias as populagdes de
carnivoros selvagens, sobretudo aquelas pequenas e isoladas (GASCOYNE et al.,1993) como
0 ocorrido nos casos de lobos-da-etiopia durante um surto da doenga (SILLERO-ZUBIRI et
al., 1996), dos lobos cinzentos (WEILER, 1995) e dos cachorros-selvagens-africanos
(HOFMEYER et al., 2000), todos com relato de declinio populacional em virtude de surtos da
doenca. No Nordeste do Brasil, o cachorro-do-mato € um dos principais reservatorios do virus
rabico entre as espécies de canideos silvestres da regido (CARNIELI JR. et al., 2008), sendo
identificado um ciclo independente da raiva nestes animais nesta regido. Ao que tudo indica, 0

virus rabico foi transmitido originalmente por cdes domésticos aos silvestres, mas existem
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diferengas genéticas entre os isolados do virus provenientes de cada um dos grupos em
questdo (BERNARDI et al., 2005). Essas epidemias evidenciaram que as doengas podem
causar um aumento substancial da mortalidade de animais silvestres de vida livre,
estimulando o uso dos conceitos gerais da epidemiologia nas atividades de conservacéo e

manejo de carnivoros selvagens.

No entanto, as doencas infecciosas e parasitarias ndo se restringem aos danos que
causam a vida silvestre, podendo se estender as populacbes humanas, causando graves
problemas de saude publica. E muito bem documentado que os animais sempre foram fonte
de alimentos, transporte, trabalho e companhia para os seres humanos, permitindo sua
evolucdo. No entanto, esses mesmos animais podem atuar como fonte de infecg¢bes de virus,
bactérias e parasitos, que podem ser transmitidos para 0 homem (SEIMENIS, 2008; BROWN,
2003). Estima-se que 61% de todos os patdgenos humanos sdo considerados zoonoses
(TAYLOR et al., 2001) e aproximadamente 77% dos patdgenos de animais de producgdo e
91% dos patdgenos de carnivoros domésticos infectam multiplos hospedeiros (HAYDON et
al., 2002) e aproximadamente 75% das doencas que surgiram nas duas Ultimas décadas tém
origem na fauna silvestre (BENGIS et al., 2004).

Os animais silvestres que compdem a fauna brasileira podem ser encontrados na
natureza, em vida silvestre, ou no cativeiro, alocados em zooldgicos, criadouros
conservacionistas, cientificos ou comerciais, institutos de pesquisa, centros de triagem e
reabilitacdo, ou em residéncias (geralmente de forma ilegal). Em ambas as situacfes (vida
livre e cativeiro), esses animais podem ser reservatorios e portadores de agentes infecciosos
causadores de zoonoses (SILVA, 2004).

Historicamente, a fauna silvestre tem sido considerada como uma fonte importante de
doencas infecciosas transmissiveis ao ser humano e a outros animais, de modo que,
atualmente, um dos maiores desafios mundiais para as autoridades de saude, profissionais de
salde publica e comunidade cientifica sdo as zoonoses associadas a hospedeiros reservatorios
de origem silvestre, um campo que ainda carece de informacdes solidas (KRUSE, KIRKEMO
e HANDELAND, 2004). Doencas infecciosas ou parasitarias (emergentes ou reemergentes),
como a influenza aviaria e suina, ebola, HIV/AIDS, chikungunya, zika, febre amarela,
dengue, tuberculose e as tripanossomiases, tiveram origem na vida silvestre e todas sao

consideradas de impacto relevante a saude coletiva (ZANELLA, 2016).

Esse cenério é reflexo do crescente processo de urbanizacdo, industrializacdo e o

avanco da indudstria agropecuéria, que facilitaram uma maior interface entre as populacdes
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humanas e seus animais domésticos com as populag@es de animais silvestres nos seus habitats
naturais, favorecendo a transmissdo de agentes infecciosos e parasitarios (CORREA e
PASSOS, 2001). Além disso, pode-se citar a continua introducdo, muitas vezes ilegal, de
animais selvagens e exoticos em determinadas areas geogréaficas, com objetivos diversos
como: producdo de alimentos, participagdo em feiras ou exposi¢des, como animais de
companhia, atividades de lazer, esportivas, educacgdo e preservacdo e modelo bioldgico para
investigacOes cientificas (TORO, 1976) e, consequentemente, aumentando as possibilidades
de interacdo com os animais silvestres com eventuais zoonoses. Outro ponto importante é que
patdégenos em animais silvestres que também infectam seres humanos e animais domésticos
podem comprometer a eficacia de programas sanitarios nacionais e internacionais destinados
ao controle e erradicacdo de doencas, elaborados e implementados utilizando consideravel

recurso financeiro e de infraestrutura (BENGIS et al., 2002).

De acordo com Acha e Szyfres (1986), os principais condicionantes para disseminagdo
dos fatores de risco presentes em focos naturais, com possibilidades de estabelecer ciclos
zoonoticos sdo: introducdo de animais domeésticos e/ou homem em um foco natural;
deslocamento de um hospedeiro infectado a uma nova regido com hospedeiros suscetiveis;
alteracbes na dindmica dos hospedeiros ou do equilibrio ecoldgico; escassez de alimento,
forcando movimentos migratdrios de animais reservatorios; intervencdo humana nos
ecossistemas; ocorréncia de mutacBes positivas na epidemiologia do agente etioldgico,

facilitando sua dispersao; intervencdo de aves migratdrias e vetores.

No que se refere aos animais em situacdo de cativeiro, mesmo diante dos continuos
esforgos dos profissionais na elaboracdo e execucdo de um rigoroso manejo sanitario, o
ambiente de zooldgico ainda facilita a disseminacdo de uma grande quantidade de agentes
infecciosos, muitos deles de carater zoono6tico (SILVA et al., 2001). O mesmo cenario é
descrito em outros estabelecimentos que mantém animais silvestres. E importante ressaltar
gue muitos animais apresentam sinais sub-clinicos para algumas enfermidades, dificeis de
serem identificados, atuando como importantes fontes de infec¢do para os homens e animais
domeésticos (ACHA e SZYFRES, 1986; FOWLER, 1986).

Conforme o exposto, o estudo da epidemiologia das zoonoses em animais silvestres
seja de cativeiro ou vida livre, € peca fundamental para a obtencdo de um melhor
conhecimento dos focos naturais, determinando os principais fatores de risco existentes
conforme cada ecossistema, bem como a compreensdo correta da cadeia epidemioldgica dos

agentes zoondticos entre 0s animais silvestres, e a relevancia local, regional ou nacional das
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doengas, orientando a elaboracdo, planejamento e execucdo das acgdes dos servicos

veterinarios e de saude publica.

A alternativa contemporanea para melhor compreender e solucionar os atuais
problemas de saude derivados da interface humana, animal e ambiental é o conceito de Saude
Unica (One Health), que por meio da atuacdo conjunta interdisciplinar de trabalho local,
nacional e globalmente, busca atingir o0 melhor horizonte de salde para as pessoas, animais e
0 meio ambiente (AVMA, 2008). A Salde Unica fundamenta-se na proposta de um
estreitamento das relacdes entre a medicina humana e a veterinaria, visando ac6es e servicos
de salde de carater colaborativos, auxiliando a investigacdo, tratamento, controle e prevengéo
das zoonoses. Soma-se a essa proposta, a elaboracdo de estratégias conjuntas entre essas as

duas profissdes, voltadas para a educacdo médica e satde publica JAVMA, 2007).

Dentre as vantagens e avancos resultantes do movimento da Satde Unica pode-se
citar: a melhoria da saude animal e humana mundial através da colaboracdo entre as
profissbes da salde; reunides e grupos de discussdo de carater multiprofissional para
enfrentamento dos novos desafios globais; investimento no desenvolvimento de centros de
exceléncia para a formacéo de profissionais multidisciplinares em areas especificas da salde,
através da colaboracdo entre medicina veterindria, medicina humana e de salde publica;
aplicacdo do conhecimento cientifico no desenvolvimento de programas e acfes e servicos
para a melhoria da saude (AVMA, 2008).

A Medicina Veterinaria é uma profissdo privilegiada nesse contexto da Saude Unica,
uma vez que os veterinarios possuem em seu curriculo disciplinas como salde publica,
medicina comparada e medicina preventiva, de modo que a profissdo apresenta enorme
potencial para auxiliar e colaborar nas demandas da Satde Unica. Reunindo forgas para acdes
em conjunto com as demais areas da salde, a medicina veterinaria tem toda a capacidade

necesséria para desenvolver papel fundamental na Satde Unica (AVMA, 2008).

2. REVISAO BIBLIOGRAFICA
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2.1. A Biodiversidade Brasileira — Ordem Carnivora

A biodiversidade é fonte de alimentos, medicamentos e produtos industriais para o0s
seres humanos, e € constituida por diferentes seres situados na sua grande maioria nas
florestas tropicais. O Brasil detém a maior cobertura de florestas tropicais do planeta,
concentrada na Regido Amazonica. Somam-se a isso a diversidade geografica e climatica,
permitindo abrigo a uma significativa diversidade bioldgica. Desse modo, o Brasil possui
entre 15% a 20% das 1,5 milhdo de espécies descritas na Terra; além disso, possui a flora
mais rica do mundo, com cerca de 55 mil espécies de plantas superiores, 524 espécies de
mamiferos, 1.677 de aves, 517 de anfibios e 2.657 de peixes (LEWINSOHN & PRADO,
2000).

A ordem Carnivora é dividida em duas sub-ordens: os carnivoros aquaticos ou
Pinnipedia e os carnivoros terrestres ou Fissipedia, que sdo comumente classificados como
uma ordem prépria. A subordem Fissipedia possui trés superfamilias: Miacoidea, Canoidea e
Feloidea. Para fins de revisdo, sera discutida apenas a familia Canidae, pertencente a
superfamilia Canoidea. A familia Canidae encontra-se agrupada em trés sub-familias:
Otocyoninae, Symocioninae e Caninae. Sdo facilmente identificaveis: animais fortes,
possuem focinho longo e pontudo, orelhas eretas, cauda com pelos em forma de tufos, unhas
ndo retrateis e geralmente sdo cursoriais. Apresentam habito alimentar carnivoro, mas
algumas se alimentam também de matéria vegetal e insetos. Apresentam comportamento
solitario ou em grupos. A gestacdo dura em média 63 dias com ninhadas entre 2-13 animais e
0 peso pode variar entre 1,5 Kg até 80 Kg (HENNEMANN 111 et al., 1983).

No Brasil existem seis espécies de canideos silvestres: Chrysocyon brachyurus (lobo-
guard) (Figura 1) no Centro-Sul e Nordeste do Brasil; Cerdocyon thous (cachorro-do-mato)
(Figura 2) na grande maioria do territério nacional com menor frequéncia na Regido
Amazonica; Speothos venaticus (cachorro-vinagre) (Figura 3) na grande maioria do territério
nacional com auséncia de relatos no Rio Grande do Sul; Lycalopex vetulus (raposa-do-campo)
(Figura 4) no Centro, Sudeste e Nordeste do pais; Pseudalopex gymnocercus (graxaim-do-
campo) (Figura 5) no Sul e Sudeste do Brasil; Atelocynus microtis (cachorro-do-mato-de-
orelhas-curtas) (Figura 6) na regido que compreende a bacia do Rio Amazonas. Das espécies
citadas acima, o lobo-guaré tem sua biologia bem estudada, seguido por estudos referentes ao
cachorro-vinagre e as demais especies ainda carecem de informacgdes mais solidas. O
cachorro-do-mato e o lobo-guard figuram entre as espécies mais frequentes nos planteis

nacionais, com alguns zooldgicos relatando animais excedentes. Esta situacdo é provocada



21

pela fécil reproducdo em cativeiro e animais oriundos da natureza. Os desafios a
sobrevivéncia destas espécies variam conforme a regido onde se encontram, sendo que a
destruicdo de seu habitat, os envenenamentos e a caca tem colocado algumas dessas espécies
em risco de extincdo (ALMEIDA et al., 2003).

A Ao g

Figura 1 — Chrysocyon brachyurus Figura 2 — Cerdocyon thous
(Fonte: ww.calphotos.berkeley.edu) (Fonte: www.suggest-keywords.com)

Figura 3 — Speothos venaticus Figura 4 — Lycalopex vetulus

(Fonte: www.koryos.tumblr.com) (Fonte: www.dogstory.com.br)


http://www.suggest-keywords.com/Y3JhYi1lYXRpbmcgZm94/
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Figura 5 — Pseudalopex gymnocercus Figura 6 — Atelocynus microtis

(Fonte: www.carnivoraforum.com) (Fonte: www.blog.wcs.org)

2.2. Interface Entre Vida Urbana e Silvestre

Além do salto populacional ocorrido no Gltimo século, outros fatores favoreceram a
emergéncia e reemergéncia de agentes zoonoticos, sendo que a maioria dos casos foi em
virtude das interacGes ecoldgicas entre patdgenos e hospedeiros (DASZAK et al., 2001).
Essas mudancas podem ter carater natural ou origem antropogénica, incluindo a expansao das
atividades humanas e fronteiras agropecuarias, destruicdo de habitats, poluicdo, entre outros
exemplos (PATZ et al., 2000), permitindo 0 aumento do contato entre patdgenos e novas
populacBes de hospedeiros, resultando na selecdo natural para a dominéncia de patdgenos

adaptados a essas novas condi¢des ambientais (DASZAK et al., 2001).

O processo de domesticacdo e interacdo com animais silvestres propiciou um ambiente
favoravel para a transmissdo de doencas destes para o humem (PEARCE-DUVET, 2006).
Dois bons exemplos de doengas em que os animais silvestres se tornaram reservatorios e
reinfectaram os animais domésticos sdo a tuberculose bovina detectada em populacdes de
cervos capturados ou manejados intensivamente (as populacdes de cervos com baixa
densidade populacional e de vida livre eram mais resistentes) e casos de infec¢do por Brucella
suis biovar 2, transmitida de javalis (considerados reservatorios), para suinos criados em
regime extensivo (GODFROID et al., 2005).

Outro aspecto importante sdo as evidentes mudancas climaticas e na utilizacdo do solo
que facilitam a entrada de vetores e roedores em areas urbanas mudando a dindmica da
transmissdo de doencas infecciosas, como foi no caso da epidemia do virus da Ebola, que
reemergiu no inicio de 2014 na Libéria, Serra Leoa, Gana e Nigéria, totalizando mais de 20

mil casos, decorrente da exposi¢cdo do caso indice a uma coldnia de morcegos insetivoros
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(Mops condylurus) (MARI SAEZ et al., 2015). Vale também ressaltar que a progressiva
reducdo na quantidade de hospedeiros naturais forgou os vetores a buscarem hospedeiros
alternativos, aumentando as chances para a transmissdo de patdgenos, como a Borrelia sp
(CUTLER et al., 2010). O mercado do ecoturismo tem apresentado franco crescimento nos
ultimos anos e as zoonoses associadas a essas praticas, tais como uma variedade de
riquetisioses, hantavirose e encefalites transmitidas por carrapatos tem sido um perigo real
(CHOMEL et al., 2007; CUTLER et al., 2010).

O trafico de animais de estimacao exdticos também vem facilitando a transmissdo de
agentes zoondticos. Aproximadamente 40.000 primatas, 4 milhGes de passaros, 640 mil
répteis e 350 milhdes de peixes tropicais ornamentais sdo comercializados por ano (KARESH
et al., 2005), movimentando uma grande industria de trafico internacional de vida silvestre
estimada em 6 bilhdes de délares (CHECK, 2004). Esses animais podem atuar como fontes de
infeccdo de zoonoses como a raiva, tuberculose, brucelose e a psitacose (CHOMEL et al.,
2007). Estudos revelam que em torno de 7% das infec¢cOes humanas causadas por Salmonella
nos Estados Unidos, sobretudo em criangas, estdo associadas a presenca de répteis como
animal de estimacdo (MERMIN et al., 2004).

E importante considerar nessa cadeia de transmissdo de zoonoses da vida silvestre para
0 ser humano, o consumo de comidas exdticas, como a carne de caca, pratica realizada em
diversas partes do mundo, em especial na Africa Central e na Bacia Amazonica (CHOMEL et
al., 2007). Um exemplo interessante € a triquinelose que esta associada ao consumo de carne
de caca como de cervo e javali (CHOMEL et al., 2007). Outro exemplo é o virus da SARS
(do inglés: Severe Acute Respiratory Syndrome) relacionado ao consumo de carnivoros
silvestres na China (ZANELLA, 2016).

2.3. Doengas Infecciosas em Canideos Silvestres

Se por um lado, as populacbes de carnivoros selvagens podem sofrer com graves
epizootias e declinios populacionais derivados da interagcdo com as doencas dos animais
domésticos, da mesma forma, canideos como as raposas e coiotes, facilmente adaptaveis a
ambientes modificados, podem atuar como potenciais fontes de infecgdo de zoonoses para 0s
seres humanos (AGUIRRE, 2009). Outro ponto importante é que 0s carnivoros podem atuar
como “bioacumuladores” de exposi¢do aos patdgenos, uma vez que, como estdo no topo da

cadeia alimentar, o consumo de hospedeiros infectados reflete em elevadas taxas de infecgéo
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(JORGE et al., 2010). Com base nessa relagdo, algumas espécies de carnivoros podem ser
entendidas como animais sentinelas e, logicamente, elementos chaves na condugdo da
estratégia de programas de vigilancia para o diagndstico de diferentes patégenos (AGUIRRE,
2009). Um eficiente programa de monitoramento de patdgenos em animais selvagens de vida
livre € o diagndstico precoce da ocorréncia de doencas novas ou emergentes, sobretudo
aquelas que podem ter relevante impacto zoondtico e econdmico (MORNER et al., 2002).
Diferentes fatores epidemiol6gicos e ecologicos influenciam a distribuicdo das infecgdes em
uma populacdo suscetivel, porém o maior desafio para os profissionais da satde é determinar
quais as condigdes que favorecem a disseminacao de uma infeccdo e que podem resultar em
uma epidemia (JORGE et al., 2010).

Como mencionado, existe uma gama de diferentes tipos de agentes etioldgicos que
naturalmente acometem os canideos silvestres. No entanto, para fim de estudo mais especifico

e dentro do contexto deste trabalho, podem-se citar:

2.3.1. Toxoplasma gondii

A toxoplasmose € causada pelo Toxoplasma gondii, protozoario intracelular
obrigatorio pertencente ao Filo Apicomplexa e é uma das zoonoses mais comuns e difundidas
no mundo (TENTER, 2000).

T. gondii possui uma ampla gama de hospedeiros suscetiveis a infeccdo e a doenca,
incluindo mamiferos, aves e homem. Os felideos domésticos e selvagens sdo o0s hospedeiros
definitivos de T. gondii e podem eliminar oocistos do protozoario em suas fezes, enquanto
que as demais espécies sdo classificadas como hospedeiros intermediarios com a presenca de
taquizoitos (fase aguda) parasitando células do sistema fagocitico mononuclear ou cistos
teciduais contendo bradizoitos (fase crbnica) (DUBEY, 2010). As principais vias de
transmissdo, valida tanto para os hospedeiros definitivos como intermediarios, sdo: ingestdo
de cistos em tecidos de animais infectados, ingestdo de oocistos infectantes presentes no
ambiente e via transplacentaria (HILL e DUBEY, 2002) (Figura 7).
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Figura 7 — Ciclo Bioldgico de Toxoplasma gondii (DUBEY et al., 2004)

A toxoplasmose geralmente é assintomatica em individuos imunocompetentes mas,
em contrapartida, sinais clinicos graves como encefalite, miocardite e hepatite possam ser
descritos em imunodeprimidos (TENTER, 2000). Criangas nascidas de mulheres infectadas
durante a gestacdo podem desenvolver um quadro clinico grave denominado Tétrade de
Sabin, caracterizada por hidrocefalia, retardo mental, calcificacdo cerebral e corioretinite
(FORNAZARI e LANGONI, 2014).

Paralelamente ao que ocorre em animais domésticos e no homem, alguns fatores
favorecem o risco da toxoplasmose entre os animais selvagens. Vitaliano et al. (2004)
apontam que o lobo-guard apresenta um maior risco de se infectar quando em éareas sob
influéncia do homem e de animais domésticos, possivelmente devido & presencga dos felinos
domeésticos. Além disso, aspectos biolégicos como o carnivorismo facilita a infecgcdo, devido
a frequente ingestdo de tecidos de outros animais contendo cistos do protozoario
(FORNAZARI e LANGONI, 2014). Ndo ha evidéncias que sustentem uma importancia dos
animais selvagens na cadeia de transmissdo zoondtica de T. gondii, porém o consumo de
carne de caca apreciada em algumas regides pode ser um elo relevante para completar o ciclo
zoonatico (SILVA, 2006).

Estudos soroldgicos tém sido realizados no intuito de compreender melhor a
epidemiologia da infeccdo por T. gondii. Almeida et al. (2012) e Almeida et al. (2010)

relataram prevaléncia de 75% e 68% de T. gondii em canideos silvestres de vida livre em
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Minas Gerais. Anticorpos anti-T. gondii também foram descritos em canideos silvestres, com
destaque para o cachorro-vinagre com prevaléncia de 63% (ANDRE et al., 2010), semelhante
aquela descrita em cachorros-do-mato no Paranad e Séo Paulo por Gennari et al. (2004), que
relataram prevaléncia de 60%. Prevaléncia menor foi descrita em animais de diferentes
zooldgicos de Sdo Paulo, os quais apresentaram 19,2% de animais soro reagentes
(CATENACCI et al., 2010). Estudos moleculares identificaram o DNA do parasito em
tecidos de canideos silvestres na Italia (FERROGLIO et al., 2014), Roménia (SUTEU et al.,
2014) e Brasil (NASCIMENTO et al., 2015). Esses resultados ganham ainda mais relevancia
no cenario nacional, por conta do consumo de carne de caca do cachorro-do-mato em algumas
regides do Brasil (CATENACCI et al., 2010).

2.3.2. Neospora caninum

Este protozoério coccideo possui um ciclo biolégico heteroxeno, com participagdo de
hospedeiros definitivos (canideos) e intermediarios (canideos e uma ampla gama de espécies).
A reproducdo assexuada ocorre nos tecidos do organismo dos hospedeiros intermediarios e
definitivos, pela rapida multiplicacdo dos taquizoitos ou, lentamente, dos bradizoitos. A
reproducdo sexuada ocorre no trato digestivo dos hospedeiros definitivos, caracterizando o
ciclo enteroepitelial (DUBEY et al., 2007) (Figura 8). Os hospedeiros definitivos s&o
obrigatoriamente os carnivoros, sendo até entdo descritos o cdo doméstico (Canis lupus
familiaris) (MCALLISTER et al., 1998; LINDSAY et al., 1999), o coiote (Canis latrans)
(GONDIM et al., 2004), o dingo (céo silvestre australiano — Canis lupus dingo) (KING et al.,
2010) e o lobo cinzento (Canis lupus) (DUBEY et al., 2014).
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O potencial zoonético deste protozoario ainda ndo foi completamente elucidado, mas
relatos de humanos sororreagentes portadores ou ndo de imunodeficiéncia e o sucesso da
infeccdo experimental em primatas ndo-humanos levanta algumas ddvidas sobre o assunto
(DUBEY et al., 2007; BENETTI et al., 2009).

A identificacdo de N. caninum em uma ampla gama de espécies silvestres fez surgir a
possibilidade da existéncia de uma importante cadeia de transmissdo silvestre. O ciclo
silvestre da neosporose envolve canideos e herbivoros selvagens e poderia ter real impacto na
epidemiologia da doenga nos rebanhos domeésticos, sobretudo nas criagdes extensivas
(GONDIM, 2006). Barling et al. (2000) consideraram a soropositividade de rebanhos bovinos
para N. caninum e a presenca de canideos silvestres na regido estudada (coiotes e raposas
cinzentas) e determinaram que ha um aumento no risco de infeccdo por N. caninum nos
rebanhos bovinos diante da presenca destes canideos silvestres. Outro estudo demonstrou um
aumento no risco de infeccdo, sobretudo em rebanhos de corte, quando estdo presentes
canideos silvestres nas imediagcGes (ROSYPAL e LINDSAY, 2005).

No Brasil, Cafion-Franco et al. (2002) detectaram a presenca de anticorpos anti-N.
caninum em cachorro-do-mato e em graxaim, sugerindo pela primeira vez que essas espécies
de canideos, comuns da fauna brasileira, possam atuar como hospedeiros definitivos do

agente. No Brasil, Mattos et al. (2008) relataram 36% de prevaléncia para o0 protozoario em
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cachorro-do-mato, lobo-guara e graxaim mantidos em cativeiro e Andre et al. (2010)
identificaram anticorpos anti- N. caninum em 41,2% em dos canideos silvestres mantidos em
cativeiro, com destaque para o cachorro-vinagre e raposa-do-campo. No entanto, Almeida et
al. (2012) e Almeida et al. (2010) ndo encontraram positividade em lobos-guaras de vida livre

em Minas Gerais.

2.3.3. Leishmania spp.

A leishmaniose é uma doenca zoonoética que acomete cerca de 12 milhdes de
individuos da populacdo mundial e é causada pelo protozoario Leishmania spp. A elevada
incidéncia de leishmaniose com lesdes desfigurantes (forma cutanea) e, algumas vezes, com
evolucdo fatal (forma visceral) fez com que a Organizacdo Mundial da Saude classificasse a
doenca como uma das seis mais importantes endemias do mundo (WHO, 2010).
Essencialmente existem dois tipos de leishmanioses: a visceral (LV) e a tegumentar (LT). A
LV é causada por parasitos do complexo L. (Leishmania) donovani, sendo que no Brasil a
espécie responsavel é a L. chagasi (GONTIJO e MELO, 2004). A LT é causada por diversas
espécies, sendo seis delas com ocorréncia descrita no Brasil: L. amazonensis; L. braziliensis;
L. guyanensis; L. lainsoni; L. naiffi; e L. shawi (BASANO e CAMARGO, 2004). Os
mamiferos sdo considerados os principais reservatorios e 0s mosquitos da subfamilia
Phlebotominae, popularmente chamados de flebotomineos sdo os vetores (FORNAZARI e
LANGONI, 2014).

A infeccdo ocorre por meio da picada do mosquito, pela inoculacdo da forma
promastigota metaciclica do protozoario durante o repasto sanguineo; o vetor se infecta do
mesmo modo, ingerindo a forma amastigota do protozoario, livre ou no interior de
macrofagos, ao se alimentar do sangue de um hospedeiro infectado (QUINNEL e
COURTENAY, 2009) (Figura 9). A leishmaniose é uma doenga associada & degradacao
ambiental, forcando a migracdo da doenca para areas urbanas e, desse modo, facilitando a
infeccdo humana (OLIVEIRA, 1997).
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Figura 9 — Ciclo Biologico de Leishmania spp. (ESCH e PETERSEN, 2013)

Embora os cdes domésticos sejam os principais reservatérios vertebrados para a forma
visceral da doenca, os canideos silvestres podem também atuar como reservatério
(ASHFORD, 2000). O cachorro-do-mato, o cachorro-vinagre e a raposa-do-campo estdo entre
as espécies mais descritas na literatura acometidas por leishmaniose (COURTENAY et al.,
2002; FIGUEIREDO et al., 2008; LUPPI et al., 2008). O cachorro-do-mato embora infectado,
raramente manifesta sinais clinicos e aqueles que exibem o quadro da doenca, costumam se
recuperar espontaneamente (COURTENAY et al., 2002).

Prevaléncias de anticorpos anti- Leishmania spp. de 21,4% em canideos silvestres foi
relatada por Jusi et al. (2011) em S&o Paulo, 19% por Curi et al. (2006), de 3,57% por Santos
et al. (2012), ambos em Minas Gerais. No Brasil, Courtenay et al. (2002) demonstraram uma
elevada prevaléncia de cachorros-do-mato infectados por L. chagasi, mas uma baixa
infectividade. Por outro lado, Catenacci et al. (2010) pesquisaram Leishmania spp. em
cachorro-do-mato de diferentes zooldgicos de S&o Paulo, porém ndo encontraram a presenca
do protozodrio nesses animais. Evidéncias moleculares revelaram a presenca do DNA de L.
chagasi no cachorro-vinagre (LOMBARDI et al., 2014) em Minas Gerais e no cachorro-do-
mato (TENORIO et al., 2011) em S&o Paulo, ambos criados em cativeiro. Neste caso, 0s

animais em cativeiro adquirem um papel importante na cadeia de transmissdo da Leishmania
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spp., sendo um risco principalmente para os profissionais de zooldgicos (veterinarios e

tratadores) além do publico em geral.

2.3.4. Leptospira sp.

O agente etiolégico da leptospirose pertence a ordem Spirochaetales, familia
Leptospiracea, género Leptospira (PASTER et al., 1991). E caracterizado por bactérias de
forma espiral longa, finas e flexiveis, com uma ou ambas as extremidades curvadas em forma
de gancho. S&o aerdbias obrigatdrias, apresentam crescimento fastidioso in vitro nos meios de
Fletcher ou Ellinghausen-McCullough-Johnson-Harris (LEVETT et al., 2001). Esse agente
possui uma ampla gama de variantes soroldgicas, adaptadas ao seu hospeidero, cursando com
um quadro subclinico ou incidindo de forma acidental ao seu hospedeiro e levando a quadros
clinicos mais graves. Afeta os animais domésticos, selvagens e humanos, representando,
portanto, um importante problema de saude publica (FAINE et al., 1999). O género é divido
em duas espécies: L. biflexa e L. interrogans, ambas subdivididas em sorogrupos e
sorovariedades. As sorovariedades de L. biflexa sdo consideradas de vida livre, saprofitas,
enquanto as da L. interrogans sdo responsaveis pela infeccdo nos animais domésticos e no
homem (BHARTI et al., 2003).

Diferentes espécies de bactérias patogénicas do género Leptospira podem causar a
leptospirose e, atualmente, sdo conhecidas mais de 200 sorovares, variedades baseadas em
aspectos fenotipicos das leptospiras (BHARTI et al., 2003). Apresenta distribuicdo
cosmopolita, com ocorréncia mais frequente em regides tropicais, onde as condicdes de
umidade e temperatura possibilitam a sobrevivéncia da bactéria no ambiente. A infeccdo
acontece, sobretudo, via oral e por penetracao ativa da bactéria pelas mucosas ou solucGes de
continuidade. Nos seres humanos os sinais clinicos mais comumente relatados sdo febre,
mialgia, ictericia, hemorragias generalizadas, pneumonia e quadro de insuficiéncia renal
(BHARTI et al., 2003). O reservatorio mais importante é o roedor sinantropico Rattus
norvegicus (MOHAN RAO, 2006), popularmente chamado de ratazana.

Estudos epidemioldgicos de leptospirose em canideos silvestres de vida livre sdo
escassos, dificultando uma melhor compreensdo da epidemiologia da doenga nesse grupo de
individuos (GIRIO et al., 1999), embora tenham ganho maior atencdo da comunidade
cientifica nos ultimos anos (GUERRA-NETO, 2006). Rodrigues et al. (2015) relataram a
presenca da infeccdo em cachorro-do-mato, com predominéncia dos sorovares Copenhageni,

Grippotyphosa, Hardjo e Hbedomadis, em lobo-guara e destaque para os sorovares Hardjo e
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Copenhageni. O carnivorismo e a capacidade de percorrer diferentes territérios favorecem o
contato desses canideos com reservatorios sinantrépicos e domésticos da doenga (JORGE,
2008). Na Paraiba, canideos silvestres de vida livre, mortos em estrada foram testados para

Leptospira, mas ndo foram encontrados individuos positivos (AZEVEDO et al., 2010)

Em animais mantidos em cativeiro ndo sdo incomuns 0S casos positivos para a
infeccdo (LUNA-ALVAREZ, 1996). A positividade foi previamente descrita em cachorro-do-
mato, sorovar Grippotyphosa e em lobo-guard para o sorovar Canicola (ESTEVES et al.,
2005) e do sorovar Interrogans nas duas espécies citadas anteriormente (LILENBAUM et al.,
2002). Outras descricdes podem ser encontradas na literatura como o relato dos sorovares
Pyrogenes e Hebdomadis em cachorro-do-mato e dos sorovares Autumnalis e Pomona em
lobo-guara (LENHARO et al., 2012). Naturalmente, as condicdes existentes em zooldgico
favorecem a cadeia de transmissao da bactéria quando analisada em paralelo com a situacédo
que ocorre em vida livre, facilitando a ocorréncia de casos da doenca (RODRIGUES et al.,
2015). Fica caracterizado o risco de infeccdo para o ser humano, principalmente os tratadores,
uma vez que existe a chance de disseminacdo da bactéria pela urina dos roedores e de sua
manutencdo em locais Umidos como areas de alagamento e/ou bebedouros em varios recintos
dos zool6gicos (LENHARO et al., 2012).

2.3.5. Clostridium difficile e C. perfringens

Clostridium difficile é um bastonete Gram-positivo, anaerébio obrigatorio e capaz de
esporular mesmo em situacdes atipicas, além de ser considerado um patdgeno emergente,
responsadvel por uma casuistica consideravel de diarreia nosocomial e colite
pseudomembranosa em humanos (BALASSIANO et al., 2011). Loo et al. (2011) descreveram
casos de infeccdo por este patdgeno em pacientes idosos hospitalizados e em esquema de
tratamento com antibiéticos. No Brasil, as informacdes sobre a doenca em seres humanos
ainda sé@o escassas, embora haja relato de surto hospitalar (BALASSIANO et al., 2010) e um
estudo transversal de episddios de diarreia nosocomial (BALASSIANO et al., 2011), ambos

no Rio de Janeiro.

A hipotese de um ciclo zoondtico foi sugerida por Borriello et al. (1983) apds
realizarem o isolamento do patogeno em fezes de cées e gatos. Posteriormente, com o advento
da técnica de ribotipagem foi possivel elaborar um banco de dados com mais de 160 padrdes

ou ribotipos a partir de isolados de C. difficile obtidos a partir de amostras de animais,



32

humanos e ambientais (STUBBS et al.,, 2000). Desse modo, foi possivel identificar
semelhangas entre os isolados de C. difficile obtidos a partir de produtos carneos destinados
ao consumo humano com os isolados de humanos com quadro clinico de colite
pseudomembranosa, apontando uma eventual transmissdo da bactéria por alimentos de origem
animal (SONGER et al., 2009). A mesma similaridade foi observada entre os isolados de
humanos e bovinos, suinos e cdes (ARROYO et al., 2005; JHUNG et al., 2008). Tais
resultados chamam a atencdo das autoridades sanitarias e da comunidade cientifica no intuito
de prevenir casos zoonoticos da doenca. No Brasil, ainda sdo necessarios estudos mais
aprofundados avaliando os ribotipos de C. difficile de animais domésticos com o objetivo de
comparar com cepas isoladas de humanos (SILVA, 2014).

Apesar de evidéncias da possivel transmissdo de C. difficile de animais domésticos
para humanos, o papel dos animais silvestres como reservatorio ainda é pouco compreendido,
embora casos clinicos da doenga tenham sido relatados em diferentes espécies (BOJESEN et
al., 2006; JARDINE et al., 2010; BANDELJ et al., 2011). Detecgéo de C. difficile foi
reportada também em elefantes, na Dinamarca, e focas, no Canada (BOJENSEN et al., 2006;
ANDERSON et al., 2015). Tem sido descrita uma baixa taxa de elimina¢édo fecal do patdgeno
em animais silvestres, como os carnivoros, incluindo o isolamento de C. difficile de amostras
de fezes de uma jaguatirica (Leopardus pardalis) em tratamento com antibioticoterapia
devido a um quadro de diarreia e em amostras de fezes de um lobo-guard aparentemente
saudavel (SILVA et al., 2014 a). Sdo necessarios estudos mais aprofundados que confirmem a
existéncia de um ciclo zoonético de C. difficile, no entanto, fica evidente um possivel desafio
para os profissionais da satde publica, diante de um patégeno que pode ter como reservatorios

animais silvestres como os canideos.

C. perfringens é um bacilo Gram positivo, formador de esporo, apresenta capsula, é
imével e tem intensa atividade metabdlica em alimentos (McCLANE et al., 2006). Devido a
alta capacidade de esporulagcdo, as bactérias desse género sdo capazes de se manter
potencialmente infectantes no solo por longos periodos, representando um risco significativo
para a populagdo animal e humana (LOBATO et al., 2013). Essa bactéria pode ser classificada
em cinco tipos (A-E), com base na producgéo de quatro toxinas principais, denominadas alfa,
beta, épsilon e iota (LOBATO et al., 2006).

C. perfringens é o principal agente responsavel por quadros de enterotoxemias
provocadas por clostridios, estando amplamente associada a relatos de disenteria em cordeiros

neonatos; enterite hemorragica em bezerros, caprinos e equinos, enterite necrdtica em aves
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domeésticas, bovinos, caes, equinos, ovinos, suinos e humanos (LOBATO et al., 2007
ALMEIDA, 2010). Mesmo sendo capazes de produzir doenga em animais e seres humanos,
sdo raramente considerados agentes zoondéticos (LOBATO et al., 2013)

Em animais silvestres, C. perfringens ja foi descrito em cachorro-do-mato, gato do
mato (Leopardus tigrinus), jaguatirica (Leopardus pardalis) e lobo-guard (Chrysocyon
brachyurus) (SILVA et al., 2014). Casos clinicos graves foram relatados em um tigre
siberiano (Panthera tigris altaica), resultando em 6bito e em um ledo (Panthera leo) com
enterocolite hemorragica provocada por C. perfringens tipo A (ZHANG et al., 2012), além de

neurotoxicidade em um tigre devido a C. perfringens tipo B (ZEIRA et al., 2012).

2.3.6. Sarcoptes scabiei

A sarna sarcoptica ou escabiose é causada por diferentes variedades de Sarcoptes
scabiei, denominados de acordo com o hospedeiro parasitado (RIET-CORREA et al., 2007).
Trata-se de uma dermatite altamente contagiosa com caracteristica razoavelmente hospedeiro-
especifica, podendo infestar humanos (PINCHBECK e HILLIER, 2008).

A partir do momento em que a fémea fecundada entra em contacto com a camada
superficial da pele (epiderme), esta deposita cerca de 2 a 3 ovos por dia. Apds 0 processo de
eclosdo, surgem as larvas hexapodas que acabam por migrar para a epiderme e ap6s 3-4 dias
originam a ninfa octopode e, um més apds a eclosdo, transformam-se em adultos machos e
fémeas. Segue-se 0 acasalamento entre o macho e a fémea adulta (NEVES, 2005). A
perfuracdo da epiderme por S. scabiei provoca forte prurido e eritema/exantema (erup¢éao
cuténea), sendo frequente o aparecimento de vesiculas e papulas muitas vezes acompanhadas
de placas eczematosas. Este prurido € irritante a noite, devido o hospedeiro estar aquecido o
que auxilia a deslocagdo do parasito na superficie cutdnea. O prurido favorece infecbes
microbianas secundérias, formacdo de pustulas ou nddulos e, em casos mais graves, com
exsudacédo e hemorragia (NEVES, 2005, HEUKELBACH e FELDMEIER, 2006).

O aspecto zoondtico deste acaro provocou muita discussdo na comunidade cientifica
especializada, sobretudo porque acredita-se que a infestagdo humana por S. scabiei var. canis
é transitoria e auto-limitante, cursando em apenas poucos dias e sem quaisquer evidéncias de
que o parasito multiplique-se com sucesso neste hospedeiro (GAMITO, 2009). Outra corrente
postula o oposto, fundamentada em relatos clinicos descrevendo infeccdo em proprietarios de
animais doentes (GAMITO, 2009). Varios mamiferos podem ser infestados pelo acaro,

porém, a infestacdo cruzada entre diferentes espécies de hospedeiros € limitada, originando
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um quadro de dermatite localizada, autolimitante e de cura espontanea (HEUKELBACH e
FELDMEIER, 2006).

A sarna sarcoptica foi considerada responsavel por importante epizootias em animais
silvestres (BORNSTEIN et al., 2001), incluindo a reducdo drastica de populagdes inteiras
resultando em grande mortalidade. No Texas, um surto de sarna sacoptica provocou 70% de
mortalidade nos coiotes da regido, resultando na queda populacional da espécie (PENCE e
WINDBERG, 1994) e na Escandinavia foi descrito 90% de mortalidade entre raposas
vermelhas apds uma epizootia de sarna, com recuperacdo dos nimeros populacionais apés 10
anos do evento (LINDSTROM et al., 1994). Na Bolivia, existem relatos de sarna sarcoptica
em graxaim (DEEM et al., 2002) e lobo-guard (LUQUE et al., 2014) de vida livre.

2.3.7. Dermatofitose

Trata-se de uma micose superficial, provocada por fungos com tropismo por tecidos
de estruturas queratinizadas (pelos, unhas e pele), raramente parasitando células vivas,
denominados dermatofitos. Estes fungos fazem parte da microbiota normal do solo e, em
circunstancias especiais, podem parasitar animais € 0s humanos. A maioria dos casos clinicos
de dermatofitose em gatos e cdes é causada por trés fungos: M. canis, M. gypseum e T.
mentagrophytes, sendo organizados conforme seu habitat natural em: geofilico, zoofilico e
antropofilico (ARANTE et al., 2003).

M. gypseum sdo geofilicos (solo) e decompdem o0s substratos queratinosos,
apresentando distribuicdo mundial, enquanto M. canis € zoofilico, ou seja, estd adaptado ao
animal e, dificilmente sdo encontrados no solo (SILVA et al., 1998). Os sinais clinicos e
sintomas podem variar de brandos a severos conforme o estado imunolégico do hospedeiro
mas, geralmente, ndo ha invasdo de tecidos subcutdneos ou Orgdos internos. As lesdes
caracteristicas nas infec¢fes de pele sdo circulares, eritematosas e pruriginosas, produto da
atividade direta do fungo ou subsequente as reacGes de hipersensibilidade ao microrganismo
ou a seus metabdlitos (DEGREEF, 2008). De modo geral, as infec¢Ges causadas por
dermatofitos restringem-se as regides superficiais da epiderme, porém existe a possibilidade
desses fungos atuarem de maneira invasiva, provocando infec¢do profunda e disseminada,

sobretudo em pacientes imunocomprometidos (RODWELL et al., 2008)

As dermatofitoses possuem prevaléncia significativa na America Latina e sao

consideradas zoonose, sendo comum observar a infeccdo nos animais e também no humano
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(PINHEIRO et al., 1997; BETANCOURT et al., 2009). E uma das micoses mais comuns no
mundo, figurando entre os principais problemas de pele em individuos com mais de 12 anos
(PINHEIRO et al., 1997) com a sua morbidade variando conforme a sazonalidade e a
presenca de reservatorios (MACIEL e VIANA, 2005). Apesar da existéncia do ciclo
zoondtico, ainda sdo escassos 0s estudos sobre a ocorréncia de doengas flngicas em animais
silvestres (LIMA et al., 2011). No entanto, infec¢do por M. canis foi descrita em raposa cinza
por Levenberg et al. (1960) e em raposa-vermelha com contato estreito com um gato persa
assintomatico (MALMASI et al., 20009).

2.4. Estratégias para o Controle e Prevencdo de Zoonoses em Vida Silvestre

O apoio na prevencdo e controle de zoonoses é realizado por 6érgdos como a
Organizacdo Mundial da Saude Animal (OIE), fundada em 1924 e, atualmente, com mais de
180 paises-membros, além de 247 laboratérios de referéncia, que abrangem 117 doengas ou
topicos em 38 paises, e 49 centros colaboradores, que abrangem 46 topicos em 26 paises.
Paralelamente as ac6es da OIE, acdes sdo desenvolvidas pela Organizacdo Mundial de Saude
(OMS) e pela Organizacdo das NacBes Unidas para a Alimentacdo e a Agricultura (FAO)
(ZANELLA, 2016).

Diferentes abordagens podem ser executadas ou aperfei¢coadas por 6rgdos competentes
como o Ministério da Agricultura, Pecuéria e Abastecimento, Ministério da Satde, Ministério
do Meio Ambiente, entre outros, bem como as correspondentes Secretarias dos Estados e de
orgdos de classe, como o Conselho Federal de Medicina Veterinaria, em parceria com ONGs,
Universidades, entre outras, com o objetivo do controle de zoonoses. Estudos continuos da
dindmica das populagdes silvestres, sobretudo daquelas de interesse em salde coletiva,
planejamento e avaliacdo rotineira de testes de diagnostico, além de ac¢Bes de vigilancia
entomologica, manutencdo de informacgdes atualizadas sobre resultados de investigagdo de
focos, principalmente no caso de zoonoses que envolvem notificagdo compulsoria (SILVA,
2004).

A compreensdo da epidemiologia das zoonoses e suas vias de transmissdo € essencial
para delinear estratégias adequadas de prevencdo (MARVULO, 2006). E importante destacar
que algumas zoonoses podem apresentar um curso sub-clinico em animais selvagens, de
modo a introducdo de novos animais requer protocolos rigorosos de biosseguridade

minimizando os riscos a salde dos contactantes e para outros animais (TAYLOR et al., 2001).
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Outro ponto-chave é o combate ao comércio ilicito da fauna silvestre e, para tal, é necessario
investir em infraestrutura, capacitacdo de recursos humanos e equipamentos para as acoes de
vigilancia.

As epidemias de ebola tém causado preocupacdo na comunidade cientifica e entre os
profissionais da area da salde. As tentativas de conter a rapida disseminacdo da doenca entre
0s primatas ndo humanos e posteriormente em seres humanos estimulou o trabalho conjunto
entre diferentes grupos de pesquisa, governo do Gabdo e da Republica do Congo e
organizacbes como a Sociedade de Conservacdo da Vida Selvagem e o Fundo Mundial da
Vida Selvagem, dentre outras, formando a Rede de Monitoramento de Mortalidade Animal.
Essa rede tem como objetivo noticiar e investigar 6bitos entre primatas ndo humanos, com
comunicacdo rapida do evento e dos resultados da investigacdo, mantendo os membros da
rede informados sobre um possivel caso da doenca. Essa forca tarefa permite que haja tempo
adequado para que os governos e instituicbes tomem medidas de prevencdo e controle,
reduzindo a rapida disseminacdo da doenca (NRC, 2008).

Outro ponto a ser enfatizado é que a educacdo da populacdo é imprescindivel para a
conscientizacdo sobre os riscos e responsabilidades legais no comércio ilegal da fauna
(ZANELLA, 2016). Conforme o disposto em legislagdo especifica de crimes ambientais:
matar, perseguir, cagar, apanhar, utilizar espécimes da fauna silvestre, nativos ou em rota
migratoria, sem a devida permissdo, licenca ou autorizacdo da autoridade competente, pode
obter uma pena de detencdo de 6 meses a 1 ano, e multa. Algumas circunstancias podem
agravar a pena, como por exemplo, a reincidéncia nos crimes de natureza ambiental atingir

espécies ameacgadas listadas em relatorios oficiais (BRASIL, 1998).

3. OBJETIVOS
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3.1. Geral

v Identificar a ocorréncia de patdgenos de interesse em salde animal e salude
pUblica em canideos silvestres de cativeiro e de vida livre no Nordeste do Brasil.

3.2. Especificos

v Diagnosticar, por meio de técnicas diretas, sorologicas e moleculares,
protozoarios e bactérias de interesse em salde Unica em canideos silvestres de cativeiro e de

vida livre no Nordeste do Brasil.

v Investigar se existe diferenca na ocorréncia de patdgenos entre os canideos

silvestres de cativeiro e os de vida livre no Nordeste do Brasil.

v Fornecer informacdes atuais sobre a ocorréncia de patdgenos de interesse em

salide Gnica em canideos silvestres de cativeiro e de vida livre no Nordeste do Brasil.
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CAPITULO 1

First isolation and RFLP genotyping of Toxoplasma gondii from crab-eating fox

(Cerdocyon thous — Linnaeus, 1766).
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First isolation and RFLP genotyping of Toxoplasma gondii from crab-eating fox
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Abstract

Wild animals may play an important role in the transmission and maintenance of Toxoplasma
gondii in the environment. The purpose of the present study was to isolate and genotype T.
gondii from a free-ranging crab-eating fox (Cerdocyon thous — Linnaeus, 1766). A crab-
eating fox in critical health condition was attended in a veterinary hospital in Recife,
Pernambuco State, Brazil. The animal died despite emergency treatment. The brain was
collected aseptically and destined for mouse bioassay. One isolate of T. gondii was obtained,
and Polymerase Chain Reaction - Restriction Fragment Length Polymorphism (PCR-RFLP)
was used to assess genetic variability at 11 markers (SAG1, SAG2, altSAG2, SAG3, BTUB,
GRAG, 228, ¢292, L358, PK1 and APICO). A murine model was used to assess the virulence
of the isolate. Using the PCR-RFLP, genotype ToxoDB #13 was identified, which is
considered an atypical strain. The isolate was classified as avirulent in the murine model. This

is the first study to report T. gondii infection in the crab-eating fox.

Keywords: bioassay; genotyping; toxoplasmosis; wild canids



53

1. Introduction

Toxoplasma gondii is an obligate intracellular protozoan of worldwide distribution, and is
thought to be capable of infecting all warm blooded animals (Tenter et al., 2000; Dubey,
2010). Felids are the only definitive hosts, shedding T. gondii oocysts in feces and thus
contaminating the environment (Dubey et al., 2010). Canids are intermediate hosts and are

involved in the mechanical transmission of the parasite (Lindsay et al., 1997).

Wild animals may play an important role in both the transmission and maintenance of T.
gondii in the environment, but data regarding the molecular epidemiology of T. gondii in
these animals is scarce (Pena et al., 2011; Canon-Franco et al., 2013). Wild animals are good
indicators of environmental contamination by T. gondii oocysts (Gennari et al., 2004). T.
gondii infection have been described in various wildlife species, particularly in canids due to
their feeding habits (Wolfe et al., 2001). In wild environments, crab-eating foxes (Cerdocyon
thous — Linnaeus, 1766) are hunted and commercialized for animal or human consumption,

being frequently ingested undercooked (Catenacci et al., 2010).

Genetic studies of T. gondii isolated from domestic animals in Brazil have shown a high
diversity (Shwab et al., 2014), characterized by an epidemic population structure (Pena et al.,
2008). Although commonly classified into one of the clonal lineages in Europe and North
America (Type I, Il, I1I), atypical strains are prevalent in Brazil, probably due to the local
biodiversity (Pena et al., 2008). Thus, atypical T. gondii isolates obtained from wildlife are

significant findings in the population structure of this protozoan (Wendte et al., 2011).

The purpose of the present study was to isolate and genotype T. gondii from a free-ranging
crab-eating fox (Cerdocyon thous — Linnaeus, 1766).

2. Material and methods

2.1. History, serological analysis and mouse bioassay

A young female crab-eating fox in critical health condition was attended in a veterinary
hospital in Recife, Pernambuco State, Brazil. On physical examination, the fox was found to
have a compound fracture of the left humerus, numerous body lacerations and severe

bleeding. The animal died despite the emergency treatment. During necropsy, blood samples
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were obtained by cardiac puncture and centrifuged after clot retraction at 700 x g for 10
minutes. The serum was stored at -20°C for further serological analysis. The brain was

collected aseptically and destined for mouse bioassay.

A Modified Agglutination Test (MAT) was performed to detect T. gondii IgG antibodies
as described by Desmonts and Remington (1980). Positive and negative controls were
included. For the bioassay, the whole brain was macerated, homogenized with 100 mL of
saline solution, filtered and centrifuged at 700 x g for 10 minutes. The supernatant was
discarded and the pellet was resuspended with 50 mL of saline solution and centrifuged at 470
x g for 10 minutes. The supernatant was again discarded and the pellet was resuspended in 3
ml of saline solution containing 1.000 IU of penicillin and 100 pg of streptomycin per ml.
Three Swiss Webster mice (25-30g) were inoculated subcutaneously with 1 ml of the final
solution. The mice were observed daily for six weeks and then euthanized, at which point
blood and tissue samples were taken (brain and lungs). Blood samples were centrifuged and
the serum was submitted to the Immunofluorescence Antibody Test (IFAT) for detection of T.
gondii 1gG antibodies (cut-off 1:16), as previously described (Camargo, 1964). Tissue

imprints of brain and lungs were studied for T. gondii cysts and tachyzoites, respectively.

For virulence assessment, the isolate of T. gondii was inoculated into a monolayer culture
of African green monkey kidney cells MARC-145 and incubated at 37°C in a 5% CO,. The
medium was changed after 24h. Blind passages of isolation cultures were made at 4 to 7-day
intervals until the parasite was observed microscopically in order to keep the total amount of
cultured cells to a minimum. The amount of tachyzoites was determined by Trypan blue
exclusion, followed by direct counting in a Neubauer chamber (Regidor-Cerrillo et al., 2008).
An aliquot of 10’ tachyzoites was inoculated intraperitoneally into three mice. The mice were
observed daily for four weeks and euthanized at the end of this period, when blood and brain
samples were collected. The serum was submitted to IFAT and the brain was studied for T.

gondii cysts.

2.2. DNA extraction and molecular diagnosis

DNA was extracted from the crab-eating fox and mice brain samples using a commercial
kit "Wizard SV Genomic DNA Purification System" (Promega®), according to the
manufacturer's protocol. Positive and negative controls were included. For detection of T.

gondii DNA, a single tube nested PCR was performed. The amplification reactions were
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performed with the external primers TgNN1 (3'-5'-
CCTTTGAATCCCAAGCAAAACATGAG) and TgNN2 (3-5'-
GCGAGCCAAGACATCCATTGCTGA) and internal primers  TgNP1 (5'-
GTGATAGTATCGAAAGGTAT-3) and TgNP2 (ACTCTCTCTCAAATGTTCCT 5'-3),
amplifying the ITS1 region (Hurtado et al., 2001). The positive control of the reaction was a
suspension of RH strain tachyzoites (10* tachyzoites / mL) and ultrapure water was used as
the negative control. The amplified products of 227 base pairs (bp) corresponding to T. gondii
DNA were detected by agarose gel electrophoresis at 1.5% stained with BlueGreen (LGC®),

visualized by ultraviolet light and photo documented.

2.3. Multilocus PCR-RFLP and phylogenetic analysis

Genotyping was performed by PCR-RFLP using 11 molecular markers (SAG1, SAG2, alt.
SAG2, SAG3, BTUB, GRAG, c22-8, c29-2, L358, PK1 and Apico) as described by Su et al.
(2010). The DNA target was first amplified by multiplex PCR using external primers for all
markers, followed by nested PCR for the individual markers. Subsequently, the nested PCR
products were digested with restriction enzymes at the specific temperature and time
conditions for each marker. All products were separated by electrophoresis on 3% agarose gel
containing Sybr Safe DNA Gel Stain (Invitrogen, USA) and visualized using the Safe Imager
TM (Invitrogen®, USA). The results were identified, compared, and classified according to
the genotypes present in ToxoDB (http://toxodb.org/toxo/). For phylogenetic analysis, the
bands patterns of the electrophoresis (genotypic data of restriction polymorphism) obtained by
enzymes cuts in PCR-RFLP were transformed into binary data and tabulated. The SplitsTree
program was used for phylogenetic reconstruction between the genotype obtained in the

present study and previous isolates obtained in Brazil and worldwide.

2.4. Animal ethics

All experiments performed on mice were in accordance with the Ethical Principles in
Animal Research adopted by the Brazilian College of Animal Experimentation and were
approved by the Animal Use Ethics Committee from the Federal Rural University of

Pernambuco (protocol no. 27/2015).
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3. Results

The crab-eating fox and the three mice from the bioassay were positive for antibodies anti-
T. gondii by MAT with titer of 1:50 and IFAT with 1:128, respectively. The mice from the
bioassay showed no clinical signs and survived for six weeks post-inoculation (p.i), when
they were euthanized. Toxoplasma gondii tissue cysts were observed in the brains of two
inoculated mice. This isolate was designated as TgCeFBrl1. Considering that no infected mice
died of toxoplasmosis, the isolate obtained was considered of low pathogenicity. By PCR, this
isolate exhibited a band compatible (227 bp) with the positive control of the reaction (RH
strain). According to PCR-RFLP, genotype #13 was identified, with the following alleles:
SAG1 =1, SAG2 = |, alt.SAG2 = |, SAG3 = |, BTUB = I, GRAG6 = lll, c22-8 = Il, c29-2 = I,
L358 = IIl, PK1 = 1, and Apico = Ill. This genotype is considered an atypical strain (Figure
1).

Fig. 1. Phylogenetic analysis of the Toxoplasma gondii isolate obtained in the present study
(circle), with the following strains used as references: MAS, GT1, TgRsCr, TgCgCal,
TgCatBr64, TgCatBr5, TgHoFBrl1, TgOncBrl, ThShaBr2, PTG, Brl, Brll, TgMWBr1, Brlll,
BrlV and CTG.

oo MAS-Bilv

ToCatBmd

TgCatBPEQ1

CougarTgtaCal

TaCates
TgHaFBr

No mice from the virulence assay showed clinical signs and all three survived for four

weeks p.i. Both T. gondii cysts in brain and T. gondii antibodies in serum (titer 1:64) were
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observed in all inoculated mice, confirming infection by T. gondii. Thus, the isolate was

classified as avirulent in the murine model.

4. Discussion

There is a lack of data concerning the isolation of T. gondii from wild animals, particularly
in South America. Toxoplasma gondii isolates from free-living wild animals provide valuable
information on its population structure in wildlife (Vitaliano et al., 2014). To the best of the
author’s knowledge, this is the first report of isolation of T. gondii in a crab-eating fox

(Cerdocyon thous) worldwide.

Several studies have identified T. gondii antibodies in wild canids by means of different
serological techniques (Andre et al., 2010; Catenacci et al., 2010). The moddified
agglutination test was developed for screening T. gondii infection using serum and blood
samples from all species, including humans. It is an easy to perform technique that does not
require special equipment or species-specific reagents (Dubey, 2010; Al-Adhami et al., 2016).
DNA from T. gondii has been reported in brain tissues of wild canids (Suteu et al., 2014;
Nascimento et al., 2015), suggesting that these species are important intermediate hosts that
contribute to the maintenance of the T. gondii life cycle in wildlife. Vitaliano et al. (2014)
obtained T. gondii isolates from the hoary-fox (genotype # 237; TgHoFBrl) and the maned-
wolf (genotype #11, Brll; TgMWBrl1) in Sdo Paulo State, Brazil. In Central and South
America the genotype #13 is considered one of the 10 most frequently described genotypes,
accounting for 2.5% of the isolates and the most prevalent genotype in Northeastern Brazil
(Shwab et al., 2014). The genotype #13 obtained from the free-range crab-eating fox has been
previously described in the red-handed howler monkey (Pena et al., 2011) from Northeastern

Brazil.

Other Toxoplasma gondii isolates obtained from Brazilian wild canids have shown high
virulence in mice model (Vitaliano et al., 2014), which differs from the low virulence of the
genotype obtained in this study. The phylogenetic networks displayed in Figure 1 show that
the genotype isolated in this study is close to genotypes GT1 and TgOncBr1 (isolated from an
oncilla; Leopardus tigrinus). The pathogenicity of some infectious diseases may threaten
wildlife, which is of particular importance regarding wildlife species at risk of extinction.
Similar to our findings regarding this T. gondii strain isolated from a crab-eating fox, other T.

gondii strains isolated from other wildlife species have been avirulent in murine models



58

(Aubert et al., 2010). In this study, the number of subjects undergoing the virulence assay was
low considering the complete absence of clinical signs in the three mice used for isolation.
Infection of wild animals not only facilitates the spread of T. gondii genotypes but also acts as
a driving force for the genetic diversity of the parasite (Dubey et al., 2006; Grigg and Sundar,

2009). Our study was the first to demonstrate Toxoplasma gondii in the crab-eating fox
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ABSTRACT

The aim of the present study was to describe the clinical manifestation, treatment and
outcome of a case of co-infection by Sarcoptes scabiei and Microsporum gypseum in

Cerdocyon thous (crab-eating fox) from Northeastern Brazil.

Key words: dermatophytes, public health, sarcoptic mange, wild canid, zoonose

INTRODUCTION

There are several diseases that may be transmitted from not only domestic but also from
wild animals, thus wildlife is an important component in the transmission chain of zoonosis™.
Nowadays, zoonoses with a wildlife reservoir constitute a public health issue worldwide and
its importance has been recognized, demanding attention from scientific community?. Foxes
are known to carry many species of ectoparasites, the majority of which are potentially

transmissible to humans, pets and livestock®.

Despite the public health issue, there are few data about the real impact of skin diseases on
wild carnivores. Coyote populations (Canis latrans) from Texas were monitored from 1974 to
1991, and sarcoptic mange was identified affecting 69% of animals, resulting in reproductive
disorders such as the pregnancy rate reduced and ovulation problems®. Concerning to the

occurrence of dermatophytes in wild canids, further studies are necessary in order to provide
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new insights and advances related to the diagnosis, treatment and control of this mycotic

infection.

The activities of wildlife veterinarians in zoo management are inestimable since they apply
their knowledge and skills for the improvement of habitat conditions, nutrition, health and
breeding of captive wild animals®. Thus, the exposure to zoonotic diseases is one of the most

important health risks for wildlife veterinarians due a close association with wild animals.

Accordingly, the present case report describes the clinical manifestation, treatment and
outcome of a case of zoonotic dermatoses caused by Sarcoptes scabiei and Microsporum

gypseum in Cerdocyon thous (crab-eating fox) from Brazil.

MATERIAL AND METHODS

During the autumn, five free-range Cerdocyon thous (crab-eating fox) were caught by
veterinarians of a Zoo from Paraiba state, Northeastern Brazil. The animals were caught due
their health condition and after a first clinical examination were referred to the quarantine
room. These animals were estimated 4-month-old (young animals), being four females and
one male, and their mother probably was killed in a traffic accident. The five animals were
alert and responsive, and except for the skin lesions, were otherwise healthy. Chemical
restraint (1% xylazine hydrochloride and 10% cetamine hydrochloride) was required to

examine the crab-eating foxes.

The body surface of each crab-eating fox was examined carefully for the presence of
ectoparasites such as ticks, fleas and lice. They were collected in microtubes containing 70%
ethanol and fleas were washed and stored in 10% KOH solution for 24 hours before
identification. An identification key was used for species identification®.

Two skin scrapings from affected body parts of the crab-eating foxes were collected for
mite isolation. Each skin scrapings were digested in 10% KOH and were meticulously

examined for the presence and identification of mites. Detected mites were identified
properly’.

In order to carry out the mycological diagnosis hair and scabs were collected by coat
brushing and multiple skin scrapings using sterile scalpel blade. Each sample was clarified

with a 30% KOH on a glass slide for 30 minutes, followed by identification of fungal

structures as hyphae and arthroconidia (arthrospores) according to previous study®. Hair and



65

scabs samples were cultured in Petri dishes containing Sabouraud Dextrose Agar with yeast
extract, chloramphenicol and cycloheximide. Petri dishes were incubated aerobically at 25°C
and examined daily for five weeks®. Yeasts were evaluated macroscopically and their
microscopic characteristics were observed by smear stained by Gram method. Filamentous
fungi were identified by observation of texture, topography and color of the obverse and
reverse of the colonies, and microscopic characteristics such as type of conidia and hyphae.

Microscopic analysis was performed properly™.

The crab-eating foxes were treated with ivermectin (lvomec®, Merial, Sdo Paulo, Brazil)

200ug/kg orally, once per week, during six weeks.

RESULTS AND DISCUSSION

Dermatological investigation revealed moderate alopecia patches (hair loss) distributed in
head, ears, trunk, extremities and tail (Fig. 1). Foul odor, mild to moderate scratch, small
swellings and moderate incrustations also reported. The skin was wrinkled and crusty with a

flaky appearance.

Figure 1 Alopecia and moderate incrustations in the ear of the crab-eating fox, Cerdocyon
thous (Linnaeus, 1766).
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The fleas Ctenocephalides felis and C. canis were found in all five animals. A total of 20
fleas (thirteen C. felis and seven C. canis) were collected with a mean of four fleas per animal.
Neither ticks nor lice were reported. Sarcoptes scabiei were identified in all five crab-eating
fox (Fig. 2).

Figure 2 Skin scraping containing Sarcoptes scabiei mite (red arrow) (objective: 10x).

Hair follicles parasitized by arthroconidia were observed by direct examination in 1/5 of
the samples analyzed. However this findings clearly suggests a fungal infection by
dermatophytes, all samples were submitted for fungal culture to confirm the result obtained
by the direct examination, once this technique is considered the gold standard”. After three
days of incubation, in all five samples were observed colonies with the following
characteristics: the colony surface was matte, yellowish, convex, and wrinkled, and the
undersurface was flat. These characteristics were compatible with those of Malassezia
pachydermatis. With approximately seven days of culture, a flat colony, cream color at the
surface and a yellow-brown reverse pigment was observed in one sample. Microscopically
numerous symmetrical macroconidia, thick-walled, asperulate spindle-shaped with 3-5 septa

were visualized. These characteristics were compatible with those of Microsporum gypseum.

After two weeks of treatment a significant improvement in the skin condition was observed

with approximately 50% size reduction of the lesions. Four weeks post initial treatment
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almost all lesions had resolved and, for this reason, the treatment was maintained for two
additional weeks, during which all lesions had resolved completely. There is a limited data
about the occurrence and treatment of zoonotic dermatoses in wild canids, especially in crab-
eating fox. To the best of the author’s knowledge, this is the first case report of co-infection
by Sarcoptes scabiei and Microsporum gypseum in free-ranging crab-eating fox. The
association between M. pachydermatis and S. scabiei was also observed previously™.

In Europe, sarcoptic mange infections are endemic and has been described a high
prevalence in red foxes (Vulpes vulpes), leading to substantial mortality and reducing the
population of red foxes over 70%'****. Dangerous sarcoptic mange outbreaks have been
described in some species worldwide, with mortality rates of up to 90%*>**'"*8 This wild
canid may visit human settlements attracted by accessible food sources™, increasing incidence
of accidental pseudo scabies infestation of man, pets and domestic animals®. Have been
reported the possibility of adaptation between S. scabiei and red fox populations® with
description of non-fatal, restricted, subclinical cases in red foxes?. Little is known about S.
scabiei infection in crab-eating foxes, but it is believed they may play a role in sarcoptic

mange infection similar those by red foxes.

Dermatophytosis is an infection of the skin and its appendages caused by a group of
closely related species of fungi of the genera Microsporum, Trichophyton and
Epidermophyton®®. There are few studies about fungal diseases in wild animals. Nonetheless,
it is important to remember that many ringworm infections may be transmitted from animals
to humans, being considered a public health problem'®?®. Microsporum canis was first
reported in silver-grey foxes* and in red fox in a close contact with an asymptomatic Persian
cat®. The relationship between the presence of dermatophytes on the hair coats of dogs and
cats without skin lesions in their respective owners and other pets have been investigated®. In
the present study, the crab-eating foxes affected were young (approximately 4-months-old), in
accordance with a previous study that observed a higher incidence of dermatophytosis in

animals less than one-year-old?.

Pathogens have been found associated with Ctenocephalides as biological vectors or
intermediate hosts, such as bacteria, helminths and protozoa, representing a potential health
risk for humans?’. Thus, it is important to choose the adequate approach to prevent vector-
borne outbreak diseases into Zoos or Center of Triage of Wild Animals, threatening other

carnivore species.
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The literature no provides well established protocols to treat sarcoptic mange infection and
dermatophytosis in wild canids. In the most of cases, the treatment of these skin infections in
dogs is adopted as model to treat wild canids achieving good results®®. The present case report
also reports the treatment of sarcoptic mange infection in wild canid with success. In this case
no antifungal treatment was performed. The complete resolution of the skin lesions may be
explained by the fact that the animal is considered as carrier agent of M. gypseum, a common
situation noticed in cats. The same condition should not be ruled out in case of

dermatophytosis in wild animals®?°.

Based on the above, information about zoonotic dermatoses in wild canids is scarce,
complicating diagnosis and correct approaching of these diseases. Thus, researches are
required in this field to better understand the epidemiology, pathogenesis and treatment of

zoonotic dermatoses and even to develop control measures.
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ABSTRACT

The aim of the present study was to isolate C. perfringens and C. difficile in crab-eating fox
(Cerdocyon thous) from Northeastern Brazil. Stool samples of 18 captive crab-eating foxes
from four states of Northeastern Brazil (Alagoas, Bahia, Paraiba e Pernambuco) were
collected and subjected to C. perfringens and C. difficile isolation. Suggestive colonies of
C. perfringens were then analyzed for genes encoding the major C. perfringens toxins (alpha,
beta, epsilon and iota), beta-2 toxin (cpb2), enterotoxin (cpe), and NetB- (netB) and NetF-
(netF) encoding genes. C. difficile strains were analyzed by multiplex-PCR for a
housekeeping gene (tpi), toxins A (tcdA) and B (tcdB) and a binary toxin gene (cdtB).
Unthawed aliquots of stool samples positive for toxigenic C. difficile were subjected to a
commercial ELISA to evaluate the presence of A/B toxins. Clostridium perfringens (type A)
was isolated from five (27%) samples, and only one sample was positive for beta-2 enconding
gene (cpb2). Two (11%) stool samples were positive for C. difficile, but negative for A/B
toxins. These two wild canids were also positive for C. perfringens type A. This is the first
report of C. difficile in crab-eating fox.

Keywords: Clostridium; public health; wild canids

RESUMO

O objetivo deste estudo foi isolar C. perfringens e C. difficile em cachorro-do-mato
(Cerdocyon thous) da regido nordeste do Brasil. Amostras de fezes de 18 cachorros-do-mato

mantidos em cativeiro e oriundos de quatro estados da regido nordeste do Brasil (Alagoas,
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Bahia, Paraiba e Pernambuco) foram coletadas e submetidas a isolamento de C. perfringens e
C. difficile. As colbnias sugestivas de C. perfringens foram analisadas para 0s genes que
codificam as principais toxinas de C. perfringens (alfa, beta, epsilon e iota), toxina beta-2
(cpb2), enterotoxina (cpe) e NetB- (netB) e NetF- (netF). As cepas de C. difficile foram
analisadas por PCR-multiplex para o gene tpi, toxinas A (tcdA) e B (tcdB) e um gene de
toxina binéria (cdtB). Aliquotas de amostras de fezes positivas para C. difficile toxigénico
foram submetidas a um ELISA comercial para avaliar a presenca de toxinas A/B. Clostridium
perfringens (tipo A) foi isolado de cinco (27%) amostras, e apenas uma amostra foi positiva
para 0 gene da toxina beta-2 (cpb2). Duas (11%) amostras de fezes foram positivas para C.
difficile, mas negativas para toxinas A/B. Estes dois canideos silvestres também foram
positivos para C. perfringens tipo A. Este é o primeiro relato de C. difficile em cachorro-do-

mato.

Palavras-chave: Clostridium, saude publica, canideos silvestres

INTRODUCTION

The crab-eating fox (Cerdocyon thous) is a member of the Canidae family and is widely
distributed in South America countries, including Colombia, Venezuela, Paraguay, Uruguay,
Argentina and Brazil. Recent studies have suggested that C. thous could act as a reservoir of
some pathogens, including some responsible for re-emerging diseases like visceral
leishmaniais, brucellosis, canine rangeliosis and rabies (Carnieli Jr et al., 2009, Oliveira-Filho
et al., 2012, Soares et al., 2014, Tunon et al., 2015). The concern about the transmission of
diseases from this wild specie to humans and also to domestic animals is increasing in light of
the expansion of urban areas at the expense of areas with native vegetation (Souza et al.,
2016).

Clostridium perfringens and Clostridium difficile are Gram-positive sporogenic anaerobic
bacterium and are recognized as pathogens responsible for intestinal disease in human and
animals (Silva and Lobato et al., 2015, Rodriguez et al., 2016). C. perfringens is commonly
found in the enteric microbiota of healthy animals but also responsible for a several diseases
in humans and animals. C. perfringens strains are divided into five types (from A to E)
according to four major toxins (alpha, beta, epsilon and iota), while some additional toxins

have been associated with intestinal infections (Uzal et al., 2014). The screening for virulence
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factors genes could contribute to the knowledge of C. perfringens epidemiology in wild
animals but, despite few studies, the main genotypes and the most common additional
virulence factors of C. perfringens strains isolated from Canidae are largely unknown (Silva
et al., 2016). C. difficile produces toxin A and toxin B, known as the main virulence factors of
this microorganism. Some strains may also produce a binary toxin (CDT) associated with
enhanced virulence (Schwan et al., 2009). C. difficile infection (CDI) commonly occurs in
elderly hospitalized patients submitted to antibiotic therapy, so CDI is recognized as a
primarily nosocomial disease (Loo et al., 2011). On the other hand, this concept is how being
challenged due to cases of CDI reported in populations without any previous antibiotic
therapy or hospitalization (Hensgens et al., 2012). Some studies have also shown a genetic
overlap from C. difficile strains from humans and animals, suggesting it might be a zoonotic
pathogen (Knetsch et al., 2014).

In light of this, the purpose of this study was to isolate C. perfringens and C. difficile in
crab-eating fox (Cerdocyon thous) from Northeastern Brazil.

MATERIAL AND METHODS

This study was carried out in accordance with the Ethical Principles in Animal Research
adopted by the Brazilian College of Animal Experimentation and was approved by the
Animal Use Ethics Committee from Universidade Federal Rural de Pernambuco (license
number 27/2015) and by the Brazilian Institute for the Environment and Renewable Natural
Resources (IBAMA) under number 47677.

Captive crab-eating foxes (Cerdocyon thous) from different states of Northeastern Brazil
were sampled by this study as follows: eight animals from Pernambuco (PE), three animals
from Alagoas (AL), four from Bahia (BA) and ten from Paraiba (PB). Chemical restraint (1%
xylazine hydrochloride and 10% cetamine hydrochloride) was required. In Paraiba state was
not possible to collect fecal samples individually due to local management conditions; thereby
the crab-eating foxes were grouped according to their relationship to each other, resulting in
three pools of stool samples. In this specific case, fresh fecal samples were collected manually
from the ground. Thus, eighteen fecal specimens (15 individually samples and three pools)

were collected in sterile containers and were kept cool at -20°C until further processing. None
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of the sampled animals had diarrhea or any other clinical signs previously or at the sampling

moment.

To perform the isolation of C. perfringens, 0.08-0.12g of feces were serially diluted by
factors of 10, ranging from 10" to 107°. Aliquots of 10ul of each dilution were plated on
sulfite polymyxin sulfadiazine agar (Difco Laboratories, Detroit, MI, USA) and were
anaerobically incubated at 37°C for 24 hours. After incubation, all sulfate-reducing colonies
from each dilution were subjected to a previously described PCR protocol (Vieira et al., 2008)
for the detection of genes encoding the major C. perfringens toxins (alpha, beta, epsilon and
iota), beta-2 toxin (cpb2) and enterotoxin (cpe). The PCR protocol described by Keyburn et
al. (2008) and Gohari et al. (2015) was applied for the detection of the NetB- and NetF-
encoding genes (netB and netF, respectively). The PCR product was subjected to
electrophoresis in 2% agarose gel stained with ethidium bromide (Sigma—Aldrich Co., St.
Louis, MO, USA). The bands were visualized under ultraviolet light in a photodocumentation
system.

The isolation of C. difficile spores was carried out as follows: equal volumes of fecal
samples and 96% ethanol (v/v) were mixed. After incubation at room temperature for
30 minutes, 50ul aliquots were inoculated on plates contained with 7% horse blood and 0.1%
sodium taurocholate (Sigma—Aldrich Co., St. Louis, MO, USA). After anaerobic incubation at
37°C for at least 72 hours, all colonies with suggestive morphology were subjected to a
multiplex-PCR for a housekeeping gene (tpi), toxins A (tcdA) and B (tcdB) and a binary toxin
gene (cdtB). Unthawed aliquots of stool positive samples for C. difficile were subjected to a
commercial enzyme-linked immunosorbent assay (ELISA) kit to evaluate the presence of A/B
toxins (C. difficileTox A/B Il - Techlab Inc., Blacksburg, VA, USA).

RESULTS AND DISCUSSION

C. perfringens was isolated from 27% (5/18) samples, all genotyped as type A. Four
positive samples were detected in animals from Pernambuco. The other positive sample was a
pool of fecal sample of three adults crab-eating foxes from Paraiba. The isolation of C.
perfringens type A and the absence of other genotypes corroborate previous studies with
some Canidae species (Silva et al., 2014a). It is also interesting to note that only one sample,

obtained from Pernambuco state, was positive for beta-2 enconding gene (cpb2), while Silva
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et al. (2014a) reported 34.6% rate in a study with several carnivore species including C. thous,
Puma concolor (cougar), Leopardus tigrinus (oncilla), Leopardus pardalis (ocelot),
Chrysocyon brachyurus (maned wolf) and others. Other additional toxin genes, including
enterotoxin (cpe), NetB (netb) and the recently described NetF (netF) were no detected in the

present study.

All positive crab-eating foxes were asymptomatic at the sampling moment and there were
no previous episodes of diarrhea, so the isolated C. perfringens by the present study might be
part of their microbiota. However severe clinical cases of C. perfringens infection in wild
carnivores have been described, such as the death of a Siberian tiger (Panthera tigris altaica)
and a lion (Panthera leo) by hemorrhagic enterocolitis caused by C. perfringens type A
(Zhang etal., 2012) and a suspected case of neurotoxicity in a tiger (P. tigris) due
to C. perfringens type B (Zeira et al., 2012). Despite the known potential of C. perfringens as
an enteropathogen for wild Canidae and Felidae, virulence factors involved in enteric disease
are still clouded. Recent studies described two novel pore-forming toxins (NetB and NetF)
that are clearly associated with necrotic enteritis and hemorrhagic diarrhea in dogs and broiler
chicken, respectively (Keyburn et al., 2008, Gohari et al., 2015). Further studies, including
diarrheic animals, are essential to clarify if any of the described toxin genes could be used as a

virulence marker for C. perfringens isolated from wild carnivore species.

Two (11%) stool samples were positive for C. difficile, but negative for A/B toxins by
ELISA. These strains, one toxigenic (A+B+CDT-) and one non-toxigenic (A-B-CDT-), were
isolated from animals from Pernambuco and Alagoas state, respectively. These two wild
canids were also positive for C. perfringens type A. Both animals were apparently healthy
during the sampling, but one of them was under antibiotic therapy due a surgery to repair a
fractured pelvis. To the best of the author’s knowledge, this is the first report of C. difficile in
crab-eating fox. A low rate of fecal shedding of C. difficile has been described in several wild
species, including synanthropic and wild rodents, zebra, procynoids and some wild carnivores
(Himsworth et al., 2013, Silva et al., 2013, Alvarez-Pérez et al., 2014, Silva et al., 2014a,b).
Similar to the present study, Silva et al. (2014a) described the isolation of C. difficile from an
apparently healthy maned wolf (Chrysocyon brachyurus) and from a diarrheic ocelot
(Leopardus pardalis), both under antibiotic therapy at the time of collection. The influence of
antibiotic administration on the incidence of CDI is well-known in humans and also in some
domestic animals (Rodriguez et al., 2016). C. difficile infection (CDI) has been detected also

in other non-carnivore species, including elephants, harbor seals (Bojensen et al., 2006,
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Anderson et al., 2015). Anyway, both C. difficile positive animals in the present study were
apparently healthy and, even in the crab-eating foxes positive for a toxigenic strain, an
unthawed stool sample were negative for A/B toxins, thus both cases should be interpreted as
fecal shedding and not to CDI.

CONCLUSION

This study suggests that crab-eating foxes not only could carry C. difficile, but also could
shed these bacteria in their feces. It is important to emphasize that this is the first report of C.
difficile in crab-eating fox. Concerning to the detection of C. perfringens, the microorganism
may be considered part of the normal intestinal microbiota of these wild carnivores.
Additional studies are needed to clarify the role of C. perfringens and its virulence factors in

wild carnivore species.
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Abstract

The aim of this study was to detect DNA and anti-Leishmania spp., Leptospira spp.,
Neospora caninum and Toxoplasma gondii antibodies in captive and free-range crab-eating
fox (Cerdocyon thous) from northeastern Brazil. Twenty-five crab-eating fox (Cerdocyon
thous) from different states of northeastern Brazil were sampled by this study. Blood samples

were collected by cephalic or jugular vein punctures. The sera obtained were submitted to
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PCR and serological analysis as follows: MAT for T. gondii, NAT for N. caninum, ELISA for
L. chagasi and MAT for Leptospira spp. The frequence of anti-T. gondii antibodies was 50%
and 29.41% for free-range and captive wild canids, respectively. The frequence of anti-N.
caninum antibodies observed by this study was 62.50% and 23.52% for free-range and captive
wild canids, respectively. The frequence of anti-L. chagasi antibodies was 4.0% for captive
wild canids. Co-infections cases were identified as follows: one captive wild canid
seropositive for T. gondii and L. chagasi and two free-range animals seropositive for T. gondii
and N. caninum. There were no positive serum samples for Leptospira. All PCR assays
performed were negative for the pathogens analyzed. This study describes the presence of T.
gondii, N. caninum e L. chagasi in wild canids from northeastern Brazil and highlights the

necessity of further studies on infectious diseases in free-range and captive wild canids.

Keywords: Leishmania, Leptospira, Neospora, Toxoplasma, wild canids

Introduction

Wildlife populations may play an important role of reservoir for pathogens that constitute
an active threaten for conservation of global diversity and human health (Morse et al. 1994;

OIE 2010).

The number of infectious diseases affecting wildlife in this century is greater than at any
time during the last century. In the past, predominate sporadic and self-limited outbreaks, and
currently have been described infectious diseases causing major outbreaks and an irretrievable
losses in wildlife. Infectious diseases represent a potential risk to the biodiversity, modifying
behavior or structure of animal populations and leading some species to the complete

extinction (Daszak et al. 2000; Williams et al. 2002).
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By means clever and interesting adaptations systems, pathogens are able to cross species
barriers and infect a wide range of hosts, ensuring their multiplication and survival in different
situations (King 2004). An extensive literature survey of human pathogens reported more than
1,400 different species of pathogens, more than half known is classified as zoonotic (Taylor et
al. 2001; Woolhouse et al. 2001). Of all pathogen species described in humans, 38.24% are
bacteria, 22.53% are fungi, 20.40% are helminthes, 14.78% are viruses or prions and 4.05%
are protozoa (Woolhouse and Gowtage-Sequeria 2005). There is a greater interface between
human populations and wildlife habitat due recreational interests and progressive changes in
the environmental caused by expansion of human civilizations. On the other hand, little is
known about diseases in wildlife populations and often an absence of strategies for control

and prevention of infectious diseases in wildlife (Daszak et al. 2000; King 2004).

Accordingly, the purpose of this study was to investigate DNA and anti- Leishmania spp.,
Leptospira spp., Neospora caninum and Toxoplasma gondii antibodies in captive and free-

range crab-eating fox (Cerdocyon thous) from northeastern Brazil.

Material and Methods

Animals and sampling

This study was in accordance with the Ethical Principles in Animal Research adopted by
the Brazilian College of Animal Experimentation and was approved by the Animal Use Ethics
Committee from Universidade Federal Rural de Pernambuco (protocol number 27/2015) and
by Brazilian Institute of Environment and Renewable Natural Resources (IBAMA) license

number 47677
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Twenty-five crab-eating fox (Cerdocyon thous) from different states of northeastern Brazil
were sampled by this study (Table 1). Eight crab-eating fox from Pernambuco state were
considered as free-range wild canids since the samples were collected until five days after the
animal has been attended in the private and teaching hospitals. Seventeen crab-eating fox
were more than 30 days in Zoo (Alagoas and Paraiba states) or Center of Triage of Wild

Animals (Alagoas and Bahia states), thus they were classified as captive animals.

Table 1. Distribution of the crab-eating foxes (Cerdocyon thous — Linnaeus 1776) sampled,
according to Brazilian State and origin (Zoo, Center of Triage of Wild Animals, Private

Veterinary Hospital and Veterinary Teaching of Universidade Federal Rural de Pernambuco).

Origin
Brazilian Veterinary Teaching
State Private
Center of Triage Hospital of
Zoo Veterinary
of Wild Animals Universidade Federal
Hospital
Rural de Pernambuco
Alagoas n=2 n=1 ** **
Bahia ** n=4 *k *k
Paraiba n=10 ** ** **
Pernambuco ** ** n=>5 n=3

Blood samples for molecular and serological analysis (3-5 ml) were collected by cephalic

or jugular vein punctures, using physical or chemical restraint (ketamine 10 mg/kg and
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xylazine 1 mg/kg). Blood samples destined from serological analysis were centrifuged at 700

x g for 10 minutes, and the sera obtained were stored at —20-C until further processing.

Serological analysis

The in-house MAT was performed using T. gondii and N. caninum antigen produced from
in vitro cultured tachyzoites. All serum samples were researched for Toxoplasma gondii (cut-
off value: 1:25) and Neospora caninum (cut-off value: 1:50) 1gG antibodies through Modified
Agglutination Test (MAT) and Neospora agglutination test (NAT) as described by Desmonts
and Remington (1980) and Romand et al. (1998), respectively. Briefly: in each well of the
microplate 25 pL of the antigen solution and 25 pL of the serum sample were mixed. Positive
and negative control were also included. The microplate was covered with a sealing tape and
incubated at 37°C for 24 hours. A blue dot at the bottom of the well was considered as a

negative result and a clear bottom of the well was considered as a positive result.

Anti-Leishmania chagasi antibodies were investigated by ELISA technique using the
commercial kit Canine Leishmaniasis EIE (Bio-Manguinhos/FIOCRUZ), according to

manufacturer recommendations. All samples were analyzed in duplicate.

The leptospirosis diagnosis was performed by means of Microscopic Agglutination Test
(MAT), according to standard methods (OIE 2014), using the following antigens: Serogroup
Serjroe  (Hardjobovis,  Sejroe, = Wolffi, Guaricura, Hardjoprajitno),  Serogroup
Icterohaemorrhagiae (Icterohaemorrhagiae, Copenhageni), Serogroup Australis (Australis,
Bratislava), Serogroup Canicola (Canicola), Serogroup Autumnalis (Autumnalis), Serogroup
Bataviae (Bataviae), Serogroup Ballum (Castellonis), Serogroup Hebdomadis (Hebdomadis),
Serogroup Tarassovi (Tarassovi), Serogroup Cynopteri (Cynopteri), Serogroup Djasiman

(Djasiman) and Serogroup Pomona (Pomona). All samples with agglutinating activity at a
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dilution of 1:100 were considered positive. The positive samples were titrated serially using a
ratio of two. The cutoff point was the sample with the highest dilution that produced 50%
agglutination compared with the control. The highest titer obtained was used to identify the

causative serovar (Cole et al. 1973).

Molecular Analysis

Blood samples from the crab-eating foxes were submitted to DNA extraction using the
commercial kit "Wizard SV Genomic DNA Purification System" (Promega®), according to

the manufacturer's protocol.

For detection of T. gondii DNA single tube nested PCR was performed using two pairs of
primer, one external (TgNN1 and TgNN2) and another internal (TgNP1 and TgNP2),
amplifying a fragment of 227 bp from internal transcribed spacer (ITS1) region (Hurtado et
al. 2001). Positive control of the reaction was a suspension of RH strain tachyzoites (10*

tachyzoites/mL) and ultrapure water was used as negative control.

N. caninum DNA detection was carried out by a nested-PCR adapted to a single tube,
using the external primers TgNN1 and TgNN2 and internal primers NP1 and NP2 (Buxton
1998; Hurtado et al. 2001; Regidor-Cerrillo et al. 2014), able to amplify a fragment of 240 bp
from ITS1 region of this parasite. A suspension of N. caninum tachyzoites (NC7 Spain, 10,
10, 107 tachyzoites/mL) and ultrapure water were used as positive and negative controls,

respectively.

Detection of Leishmania (L.) donovani-complex DNA was performed as previously
described (Cortes et al. 2004), using a set of primers MC1 and MC2 which amplified a 447 bp

product concerning to the kinetoplast DNA (KkDNA) of the L. infantum. Positive control of the
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test was parasites from bone marrow of a positive dog to L. (L.) infantum and the negative

control was a bone marrow of a healthy dog.

The amplified PCR products were visualized under UV light in 1.5% agarose gel stained

with BlueGreen (LGC® Biotecnologia, Brasil).

Results

Serological analysis for detection of T. gondii, N. caninum and L. chagasi and animal

management (free-range or captive) are available in Table 2.

Table 2. Serological detection of Toxoplasma gondii, Neospora caninum and Leishmania

chagasi in crab-eating fox (Cerdocyon thous — Linnaeus 1776) from northeastern Brazil.

Serological analysis results

Animal
Brazilian state | chagasi N. caninum T. gondii
Management
Alagoas 0/3 1/3 1/3 Captive
Bahia 1/4 0/4 1/4 Captive
Paraiba 0/10 3/10 3/10 Captive
Pernambuco 0/8 5/8 4/8 Free-range

The frequence of antibodies anti-T. gondii was 36.0% and the frequence according to the

animal situation were 50% and 29.41% for free-range and captive wild canids, respectively.
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The frequence of N. caninum infection observed by this study was 36.0%, and the frequence
according to the animal situation were 62.50% and 23.52% for free-range and captive wild
canids, respectively. In captive wild canids a frequence of 4.0% of antibodies anti-L. chagasi
was detected and absence of positive samples in free-range animals. Co-infections cases were
identified by serology as follows: one captive wild canid, from Bahia, positive for T. gondii
and L. chagasi and two free-range animals, from Pernambuco, positive for T. gondii and N.

caninum.

All PCR assays performed were negative for the three pathogens analyzed and there were

no positive serum samples for Leptospira.

Discussion

Antibodies anti-T. gondii has been described in wild canids worldwide (Buxton et al. 1997;
Zarnke et al. 2000; Jakubek et al. 2001). In Brazil, serological studies have demonstrated a
high prevalence of T. gondii in wild canids ranging from 63% to 91.7% (Gennari et al. 2004;
Andre et al. 2010; Almeida Curi et al. 2012; Proenca et al. 2013). In contrast, low prevalence
(19.2%) was detected in captive wild canids (Catenacci et al. 2010). Free-range wild canids
are more exposed to T. gondii infection due the ingestion of tissues containing cysts
(carnivorism) and environmental contamination by oocysts of this parasite (presence of wild
felids) (Fornazari and Langoni 2014). On the other hand, an adequate zoo-sanitary
management of the captive wild canids reduce the risk of T. gondii infection (Zimpel et al.

2015).

Toxoplasma gondii DNA has been described in brain of wild canids (Ferroglio et al. 2014;
Suteu et al. 2014; Nascimento et al. 2015). Considering that all animals sampled by this study

were alive, only blood samples were collected. No evidences of T. gondii DNA were found in
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the blood samples analyzed. These results were not a surprise to the authors. Most likely, the
wild canids of this study were in the chronic phase of toxoplasmosis, thus a low parasitemia
hardly ever is detected and the blood PCR has shown a low negative predictive value (Liu et

al. 2015).

The first reports of antibodies anti-N. caninum in free-range and captive brazilian wild
canids (Cafdn-Franco et al. 2004; Vitaliano et al. 2004) suggested the hypothesis that these
species may act as definitive hosts of N. caninum. Posteriorly, Mattos et al. (2008) reported
prevalence of 36% in captive crab-eating fox, maned wolf (Chrysocyon brachyurus) and
pampas fox (Lycalopex gymnocercus), similar to the prevalence of 41,2% stated by Andre et
al. (2010) in captive wild canids, including bush-dog (Speothos venaticus) and hoary fox
(Lycalopex vetulus). Other studies did not find anti-N. caninum antibodies in free-range wild
canids (Melo et al. 2002, Almeida Curi et al. 2010; Almeida Curi et al. 2012). The high
frequence of anti-N. caninum antibodies (62,50%) observed in free-range wild canids of this
study may indicates a substantial environmental contamination by N. caninum oocysts

(Hamilton et al. 2005).

It is believed that the low parasitemia of N. caninum is the likely cause of the negative
PCR results presented by this study. Nonetheless, N. caninum has been isolated (Dubey et al.

2014) and detected (Nascimento et al. 2015) in brain of wild canids.

Not only domestic canids are important vertebrate reservoir of L. chagasi, but also wild
canids should be considered relevant for the leishmaniasis life cycle (Ashford 2000). Infection
cases have been described in crab-eating fox and hoary fox (Lycalopex vetulus) (Curi et al.
2006) and bush-dog (Speothos venaticus) (Figueiredo et al. 2008). In Brazil, the crab-eating
fox is the only reservoir of L. chagasi (Courtenay et al. 1996). Curi et al. (2006) and Jusi et
al. (2011) reported 19% and 21.4% of Leishmania spp. prevalence, respectively. The low

frequence observed by this study is similar to that stated by Santos et al. (2012). This
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scientific data is meaningful due the northeastern Brazil is classified as an endemic area for L.
chagasi (Carvalho et al. 2007). Thus, a sylvatic cycle of L. chagasi may exists among crab-
eating fox from endemic regions and these wild canids may play an important role in
leishmaniasis transmission chain and a potential risk to wildlife veterinarians, handlers and
public health. None suggestive leishmaniasis clinical signal were observed in the L. chagasi
positive animal of this study, corroborating with previous study that stated that crab-eating
fox rarely presents clinical signs, and the few animals with leishmaniasis clinical cases

recover spontaneously, maintaining a low parasite burden (Courtenay et al. 2002).

Molecular analysis detected L. chagasi DNA in captive bush-dog (Lombardi et al. 2014)
and crab-eating fox (Tenorio et al. 2011). L. chagasi DNA was not found by this study,
however this finding was expected, considering the low parasite burden described in that

specie (Courtenay et al. 2002).

Unfortunately, epidemiological studies on leptospirosis in free-range wild canids are scarce
(Girio et al. 1999). Serovars Copenhageni, Grippotyphosa and Hardjo were reported in free-
range crab-eating fox (Rodrigues et al. 2015). Samples from road-killed wild canids were
assayed for Leptospira spp., but no positive results were found (Azevedo et al. 2009). On the
other hand, captive animals are more easily exposed to risk factors for leptospirosis
(Rodrigues et al. 2015). Serovars Grippotyphosa (Esteves et al. 2005), Pyrogenes and
Hebdomadis (Lenharo et al. 2012) were previously described in captive crab-eating fox. In
contrast, all serum samples from captive wild canids of this study were negative for antibodies
anti-Leptospira spp. The authors interpreted these results as indicative of an appropriate zoo-

sanitary management of these captive animals.
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Conclusion

This study reported the presence of pathogens with impact on animal and public health in
wild canids from northeastern Brazil. Serological evidences of T. gondii, N. caninum e L.
chagasi in wild canids raise the necessity of further studies in this field to contribute with data

concerning to infectious diseases transmission chain in wild canids from Brazil.
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5. CONSIDERACOES FINAIS

Os resultados obtidos neste estudo demonstram de forma direta ou indireta a
circulacdo de patdgenos e agentes zoonoticos com relevancia em saude Unica, reforcando a
necessidade de continuos estudos na area para fornecer dados atuais sobre a epidemiologia
das zoonoses de origem silvestre, bem como orientar agfes de vigilancia, tratamento e
controle de doencas. Deve-se atentar para um manejo zoo-sanitario adequado dos animais
mantidos em cativeiro ou daqueles apreendidos de vida livre, com o intuito de reduzir as
possibilidades da disseminacdo de agentes infecciosos entre animais (silvestres ou ndo) nessas
condigdes de ambiente. Avaliagdo sanitaria deve ser feita periodicamente para identificar a
circulacdo de agentes de interesse em saude unica, permitindo que sejam efetuadas as devidas
correcdes de manejo e limpeza do ambiente onde estes animais se encontram, evitando a
contaminacdo de solo e fontes de 4gua e do ambiente como um todo. Por fim, a interface
humano-animal € um aspecto a ser cuidadosamente observado nesses canideos, uma vez que a
transmissdo de agentes zoondticos é favorecida e surtos dessas doencas podem ocorrer entre
profissionais de Zooldgicos, Centros de Triagem de Animal Silvestre e Hospitais Veterinarios

ou mesmo com o publico em geral que, eventualmente, possa ter contato com esses animais.



