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RESUMO

ANCILO§TOI\/IiDEOS DO TRATO GASTROINTESTINAL DE CAES:
OCORRENCIA, FATORES DE RISCO E MULTIRRESISTENCIA AOS
ANTIPARASITARIOS

AUTOR: Fagner D’ambroso Fernandes
ORIENTADORA: Fernanda Silveira Flores Vogel

Cées sdo comumente infectados por parasitas gastrointestinais, mas nem sempre apresentam
sinais clinicos. Estes animais sdo hospedeiros definitivos de inimeros parasitas do trato
gastrointestinal e propiciam a manutenc¢éo do ciclo bioldgico, uma vez que excretam nas fezes
ovos de helmintos e cistos ou oocistos de protozoario, favorecendo, desse modo, a
contaminacdo do ambiente e a propagacdo de parasitas para outros animais. Ademais, 0
estreitamento do convivio entre 0s animais de companhia e o homem intensifica a exposicao
humana a parasitas com potencial zoonético. Diante disso, o presente trabalho objetivou avaliar
a ocorréncia de helmintos gastrointestinais de 38 caes naturalmente infectados, a eficacia anti-
helmintica de Canex Composto® (pamoato de pirantel + praziquantel), Fenzol Pet®
(fembendazol) e Milbemax C® (milbemicina oxima + praziquantel), por meio das técnicas
coproparasitologicas qualitativas (Willis e Sedimentacdo Simples) e quantitativas (McMaster).
Além disso, os fatores de risco associados a infeccdo destes helmintos a partir de um
questionario aplicado por meio do Google Forms. Esse questionario buscou, através de 17
questdes, avaliar o numero de tratamentos para endoparasitos e ectoparasitos por ano, acesso a
rua, predominancia de ambiente, raca, utilizacdo de coleiras antiparasitarias, frequéncia de
consultas veterinarias, presenca de outros animais no mesmo ambiente, perfil alimentar dos
cdes, renda familiar e grau de escolaridade dos tutores. Dos animais avaliados, 22/38 (57,89%)
apresentaram resultado negativo e 16/38 (42,71%) resultado positivo para Ancylostoma
caninum. Para avaliar a eficacia dos antiparasitarios, 12/16 (75%) foram suscetiveis ao pamoato
de pirantel com praziquantel, 3/4 (75%) ao fembendazol e 1/1 (100%) a milbemicina oxima
com praziquantel. Além disso, constatou-se que as chances de infeccdo em cdes que habitam
um ambiente contendo solo ou grama sdo 6,67 vezes maiores do que em cdes gque habitavam
ambientes impermeaveis. Cdes sem raca definida (SRD) apresentaram 6,54 vezes mais
propenséo para serem infectados do que cées com racas definidas. Ainda, A. caninum resistente
ao pamoato de pirantel com praziquantel (4/16, 25%) e fembendazol (1/4-25%) foram
detectados nos animais submetidos aos tratamentos. A partir do estudo, ressalta-se, portanto, a
importancia do acompanhamento coproparasitologico pelos profissionais antes e ap0s o
tratamento de endoparasitos, a fim de avaliar a eficacia dos medicamentos antiparasitarios e
garantir a satde e o bem-estar animal. Por fim, os resultados obtidos neste estudo sugerem a
importancia da realizacdo de exames coproparasitologicos prévios a prescricdo de anti-
helminticos, além de minimizar a exposi¢do dos animais aos fatores de risco.

Palavras-Chave: Resisténcia. Antiparasitarios. Helmintos. Coproparasitolégico. Fatores de
Risco. Saude Publica.



ABSTRACT

HOOKWORMS IN THE GASTROINTESTINAL TRACT OF DOGS:
OCCURRENCE, RISK FACTORS AND MULTI-RESISTANCE TO
ANTIPARASITES

AUTHOR: Fagner D’ambroso Fernandes
ADVISOR: Fernanda Silveira Flores Vogel

Dogs are commonly infected with gastrointestinal parasites, but do not always show clinical
signs. These animals are definitive hosts of numerous parasites of the gastrointestinal tract and
provide the maintenance of the biological cycle, since they excrete helminth eggs and protozoan
cysts or oocysts in the feces, thus favoring the contamination of the environment and the
propagation of parasites to other organisms. other animals. In addition, the closer relationship
between companion animals and humans intensifies human exposure to parasites with zoonotic
potential. Therefore, the present study aimed to evaluate the occurrence of gastrointestinal
helminths in 38 naturally infected dogs, the anthelmintic efficacy of Canex Composto®
(pyrantel pamoate + praziquantel), Fenzol Pet® (phenbendazole) and Milbemax C®
(milbemycin oxime + praziquantel), through qualitative (Willis and Simple Sedimentation) and
quantitative (McMaster) coproparasitological techniques. In addition, the risk factors associated
with the infection of these helminths from a questionnaire applied through Google Forms. This
questionnaire sought, through 17 questions, to evaluate the number of treatments for
endoparasites and ectoparasites per year, access to the street, predominance of environment,
race, use of antiparasitic collars, frequency of veterinary consultations, presence of other
animals in the same environment, profile food for dogs, family income and tutors' level of
education. Of the animals evaluated, 22/38 (57.89%) were negative and 16/38 (42.71%) were
positive for Ancylostoma caninum. To assess the effectiveness of antiparasitics, 12/16 (75%)
were susceptible to pyrantel pamoate with praziquantel, 3/4 (75%) to phenbendazole and 1/1
(100%) to milbemycin oxime with praziquantel. Furthermore, it was found that the chances of
infection in dogs inhabiting an environment containing soil or grass are 6.67 times greater than
in dogs inhabiting impermeable environments. Mixed-breed dogs (SRD) were 6.54 times more
likely to be infected than mixed-breed dogs. Furthermore, A. caninum resistant to pyrantel
pamoate with praziquantel (4/16, 25%) and fenbendazole (1/4-25%) were detected in the
animals submitted to the treatments. Based on the study, therefore, the importance of
coproparasitological monitoring by professionals before and after the treatment of
endoparasites is highlighted, in order to assess the effectiveness of antiparasitic drugs and
ensure animal health and welfare. Finally, the results obtained in this study suggest the
importance of performing coproparasitological tests prior to prescribing anthelmintics, in
addition to minimizing the exposure of animals to risk factors.

Key words: Resistance. Antiparasitic. Helminths. Coproparasitological. Risk Factors. Public
Health.
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1 INTRODUCAO

Caninos e felinos podem infectar-se por endoparasitas gastrointestinais, podendo
apresentar curso subclinico ou clinico (NEVES et al., 2014). Em especial, cdes sdo hospedeiros
de diversos parasitas e alguns destes possuem potencial zoondtico, proporcionado risco a saude
humana (SILVA et al., 2001).

Diante disso, 0s cdes podem apresentar a excrecdo de ovos de helmintos e/ou cistos e
oocistos de protozoarios nas fezes, possibilitando a infeccdo de outros cdes que compartilham
0 mesmo ambiente (DANTAS-TORRES & OTRANTO, 2014). Para Andresiuk et al. (2003), a
constancia de animais eliminando formas parasitarias que podem se tornar infectantes favorece
a contaminacdo ambiental, a manutencéo do ciclo parasitario e propicia, com isso, a elevacédo
da prevaléncia das doengas, de acordo com cada regiéo.

Além disso, embora os animais de companhia possam proporcionar beneficios para 0s
seres humanos, deve-se conhecer os agentes infecciosos que possuem potencial zoondtico,
principalmente para os tutores. 1sso porque, com 0 estreito convivio entre humanos e animais
pets, 0 controle das parasitoses torna-se indispensavel para evitar ou minimizar as
possibilidades de transmissdo para homens e animais, bem como para a contaminagéo
ambiental (CHOMEL & SUN, 2011; ROBERTSON et al., 2000).

Nesse sentido, sabe-se que tratamentos prévios para endoparasitoses de cdes compdem
medidas profilaticas para o controle de parasitas que apresentam potencial zoondtico, porém,
hé relatos de resisténcia aos tratamentos antiparasitarios utilizados (JIMENEZ CASTRO et al.,
2020). Assim sendo, a implementacdo de tratamentos antiparasitarios para endoparasitas, neste
caso, pode proporcionar condicBes benéficas para a selecdo de parasitas resistentes a
determinados grupos de farmacos (RIDLEY, 1994).

Diante disso, o objetivo deste trabalho foi investigar a ocorréncia de helmintos
gastrointestinais de 38 caes, por meio das técnicas coproparasitoldgicas qualitativas de Willis e
da Sedimentacdo Simples e da técnica quantitativa de McMaster. Adicionalmente, avaliou-se a
eficécia de trés farmacos comerciais: Canex Composto® (pamoato de pirantel + praziquantel),
Fenzol Pet® (fembendazol) e Milbemax C® (milbemicina oxima + praziquantel).

Para tanto, todos os animais que foram submetidos as técnicas coproparasitoldgicas
também foram submetidos a um questionario epidemioldgico, para ter-se a avaliacdo dos
fatores de risco associados a infec¢do por helmintos. Desse modo, a presente dissertacdo €
composta por uma revisdo de literatura que aborda os principais ancilostomideos de caes,

principalmente aspectos relacionados a resisténcia antiparasitaria aos farmacos comerciais. E,
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na sequéncia, € apresentado um artigo cientifico que tem por objetivo relatar a ocorréncia de
Ancylostoma caninum, a resisténcia multipla a farmacos, assim como a correlacdo dos fatores

de risco para a ocorréncia da infec¢do por helmintos.

2 REVISAO BIBLIOGRAFICA
2.1 ETIOLOGIA

Os ancilostomideos sdo parasitas gastrointestinais localizados no intestino delgado,
podendo infectar cdes e outros mamiferos. Nesse viés, Ancylostoma caninum, Ancylostoma
braziliense, Ancylostoma ceylanicum e Uncinaria stenocephala sdo 0s principais
ancilostomideos que podem acometer os cdes (PROVIC, 1998). Além disso, cabe salientar que
esses parasitas também podem infectar humanos, caracterizando uma zoonose, sendo as
espécies A. caninum e A. braziliense os principais responsaveis (BOWMAN et al., 2010;
NUNES et al., 2000).

2.2 EPIDEMIOLOGIA

2.2.1 Ciclo de vida e transmissao

Em relacdo aos animais parasitados, sabe-se que eles eliminam ovos no ambiente,
através das fezes. Assim, esses ovos sdo eliminados na forma ndo embrionada e tornam-se
embrionados em condi¢Oes adequadas de temperatura e umidade, processo esse que pode
ocorrer entre 24 e 48 horas para a larva L1 (rabditiformes). Com isso, as larvas L1 progridem
para o estagio L3 (filariformes), tornando-se infectantes para os hospedeiros. Cabe salientar,
ainda, que neste estagio as larvas podem sobreviver de 3 a 4 semanas no ambiente, desde que
as condi¢es de umidade e temperatura sejam favoraveis para a sua manutengdo (CENTERS
FOR DISEASE CONTROL AND PREVENTION, 2019; NEMZEK et al., 2015).

Além disso, as larvas podem penetrar por via percutanea, uma vez que migram pela
microcirculacdo e podem ser transportadas até o coracéo e depois aos pulmdes. Nos alvéolos
pulmonares, por exemplo, elas migram até a faringe e sdo deglutidas. Em seguida, essas larvas
deslocam-se até o intestino delgado, local no qual permanecem até tornarem-se adultas apés
fixadas na parede intestinal (CENTERS FOR DISEASE CONTROL AND PREVENTION,
2019; NEMZEK et al., 2015).
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Ainda, quando as cadelas estdo gestantes, pode ocorrer de algumas larvas ndo migrarem
até o intestino delgado, ficando presas na musculatura esquelética. Com isso, a passagem destas
larvas ocorre por via transplacentaria, mais frequentemente, via transmamaria (Centers for
Disease Control and Prevention, 2019). No entanto, esta via € menos frequente (CURY &
LIMA 2002).

Em relacdo a infeccdo de humanos, estes podem infectar-se por via percutanea, através
de larvas filariformes. Nesse caso, ocorre a migracgao larval percutanea, porém, essas larvas sdo
autolimitantes e ndo atingem o estagio adulto (CENTERS FOR DISEASE CONTROL AND
PREVENTION, 2019; NEMZEK et al., 2015), como pode ser observado na Figura 1, a partir

do ciclo do parasita A. caninum e A. braziliense:

Figura 1- Ciclo biolégico do Ancylostoma caninum e Ancylostoma braziliense

ODPDx Cutaneous Larva Migrans
o Rhabditiform larva )

develops into infectious
filariform larva

© stin penetration

Migration of larvae
through skin ﬁ

N a .

o Hatched rhabditiform
larva develops in
environment

Ancylostoma caninum
'(ia* An {ylos {oma braziliense

Infective stage 0 Eggs in feces of Uncinaria stenocephala
4 Diagnostic stage animal definitive host

Fonte: Centers for Disease Control and Prevention (CDC).

2.2.2 Hospedeiros
2.2.2.1 Caninos

O A. caninum € o ancilostomideo mais comum em caes e também o mais patogénico,

resultando em sinais clinicos. Diante disso, os sinais clinicos comumente encontrados em
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infeccBes ocasionadas por ancilostomideos em cées sdo: anemia, diarreia sanguinolenta ou
melena. Sinais menos comuns incluem letargia, anorexia, vomitos, desidratacdo e diminuicéo
no ganho de peso desses animais. Ademais, filhotes podem apresentar esses sinais clinicos de
maneira mais acentuada quando comparados a cédes adultos (NEMZEK et al., 2015).

2.2.2.2 Humanos

Com o crescente niUmero de caninos pertencentes as familias brasileiras, o risco de
infecgdo para humanos tem crescido consideravelmente (GUIMARAES et al., 2005). Ainda,
de acordo com Provic & Croese (1996), A. caninum € a principal causa de enterite eosinofilica
humana. Para os autores, a enterite transcorre com frequentes dores abdominais e eosinofilia
sanguinea, podendo também apresentar-se como uma infec¢do subclinica. No entanto, Bowman
et al. (2010) descrevem o A. brasiliense como o principal responsavel por lesGes
dermatoldgicas, enquanto o A. caninum é comumente relacionado a enterite eosinofilica.

Assim sendo, a lesdo dermatoldgica é caracterizada pela migracdo da larva em tecido
subcutaneo — Larva migrans cutanea —, proporcionando porta de entrada para a ocorréncia de
infeccOes secundarias (KWON et al., 2003). Além disso, a ocorréncia da larva migrans cutanea
ocorre mundialmente, ainda que apresente um namero maior de casos em regides tropicais ou
subtropicais, como sudeste dos EUA, América Central, América do Sul e Africa (KWON et al.,

2003). A lesdo caracteristica pode ser observada na Figura 2.:

Figura 2- Aspecto clinico de lesdes dermatoldgicas ocasionada por Ancylostoma spp.

Fonte: Macias et al. (2013), adaptado.

As lesdes dermatologicas comumente desenvolvem-se nos membros inferiores,

principalmente nos pés e nas nadegas, ocorrendo com maior frequéncia em criangas,
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possivelmente pelo maior contato com ambientes contaminados (KWON et al., 2003,
SANTAREM et al., 2004). Adicionalmente, o risco de infeccdo em criancas tem aumentado
nas ultimas décadas, sobretudo apos o crescente numero de caes domiciliados, peridomiciliados

e errantes que vagueiam nos locais de lazer (GUIMARAES et al., 2005).

2.3 DIAGNOSTICO

O diagnostico dos ancilostomideos é baseado em técnicas coproparasitologicas, assim
como no exame post-mortem dos animais (PALMER et al., 2006). Entretanto, o diagnostico
com a finalidade de identificacdo das respectivas espécies de ancilostomatideo pode ser
realizado com técnicas moleculares, como a RFLP-PCR da regido ITS1 de rDNA (E SILVA et
al., 2006). Ademais, a realizacdo de técnicas coproparasitoldgicas também é uma forma de
diagnostico que possui baixo custo para sua execucao.

Ribeiro et al. (2012) recomendam a associacdo de duas técnicas coproparasitoldgicas,
sendo a utilizacéo da técnica de Willis e a Sedimentacdo Simples as técnicas recomendadas. A
técnica de Willis € realizada a partir de solucdo saturada de cloreto de sédio (densidade de
1,182), de acordo com Willis (1921), e a técnica de Sedimentacdo Simples pode ser realizada
apenas com agua (HOFFMAN et al., 1934). A técnica de McMaster também pode ser realizada
para diagnostico, com finalidade qualitativa, utilizando solucdo saturada de sal ou aglcar
(GORDON & WHITLOCK, 1939). No entanto, o diagnoéstico muitas vezes é realizado apenas
para o género Ancylostoma.

Além disso, tedricos como Lucio-Foster et al. (2012) buscaram realizar a comparacao
morfoldgica de A. caninum, A. tubaeforme e A. braziliense a partir de amostras fecais de caninos
e felinos. Para a confirmacédo, foi realizada RFLP-PCR com a utilizagdo das enzimas de
restricdo Hinfl e Rsal. Como resultado, pode-se verificar que ovos de A. braziliense eram
significativamente menores que ovos de A. caninum e A. tubaeforme, sendo as espécies em

microscopia, desse modo, facilmente distinguiveis, como pode-se observar na Figura 3:



16

Figura 3 - Imagens representativas dos 4 conjuntos de ovos mensurados, mostrando um ovo

proximo ao comprimento médio de cada grupo.

Fonte: Lucio-Foster et al. (2012).
Legenda: barra (canto superior esquerdo) = 20 um, todas as imagens sdo ampliadas na mesma escala.

Diante da Figura 3, pode-se observar que a imagem A representa um Ovo de
Ancylostoma braziliense de um céo infectado com um isolado canino; a imagem B um Ovo de
Ancylostoma braziliense de um gato infectado com um isolado felino; a imagem C um Ovo de
Ancylostoma caninum de um céo; e, por fim, a imagem D representa um Ovo de Ancylostoma

tubaeforme de um gato.

2.4 TRATAMENTOS E RESISTENCIA PARASITARIA

Caninos sdo frequentemente tratados com antihelminticos. Estes tratamentos s&o,
muitas vezes, realizados de forma empirica, baseando-se apenas em periodos mensais.
Normalmente os periodos sdo de trés meses para cdes que estdo dentro de apartamentos/casas
e que possuem acesso a rua, e de seis meses para cdes que estdo no patio e que possuem acesso
a rua (TAMPONI et al., 2017). Esses tratamentos realizados, dessa forma, podem predispor a
selecdo de parasitas resistentes aos farmacos mais utilizados. Associado a isso, ndo ocorre 0
monitoramento da eficacia desses tratamentos.

Quanto aos tratamentos, 0 antiparasitario mais utilizado € o pamoato de pirantel, por
apresentar maior seguranca farmacoldgica em animais jovens doentes. Adicionalmente, outros
tratamentos, como a administragdo de milbemicina ou ivermectina associada ao pirantel, podem
ser recomendados. Ainda, os tratamentos realizados nos filhotes normalmente acontecem em

uma periodicidade de 2 semanas, sendo o primeiro tratamento realizado na segunda semana a
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162 semanas de idade dos filhotes (NEMZEK et al., 2015). A seguir, na Tabela 1, tem-se 0s

principais farmacos comerciais utilizados para o tratamento de Ancylostoma caninum em cées:

Tabela 1 - Principais farmacos comerciais utilizados para o tratamento de Ancylostoma

caninum em caes.

Nome comercial

Principios ativos

Canex Original® (Ceva)
Canex Compos’co® (Ceva)
Canex Plus 3® (Ceva)

Canex Premium® (Ceva)

Drontal Puppy® (Elanco)
Drontal Plus® (Elanco)
Endal Plus® (MSD)

Endogard® (Virbac)

Helfine Plus® (Agener Uniéo)
Mectimax® (Agener Unido)

Milbemax C® (Elanco)

Panacur 10%® (MSD)

Petzi Plus® (Ceva)

Revolution® (Zoetis)
Chemital® (Chemitec)
Chemital Plus® (Chemitec)

Fenzol Pet® (Agener Unido)

Pamoato de Pirantel 145mg
Pamoato de Pirantel 145mg + Praziquantel 50,5mg
Praziquantel 50mg + Pamoato de Pirantel 144mg + Febantel 150mg

Praziquantel 25mg + Pamoato de Pirantel 72mg + Febantel 75mg +
Ivermectina 0,03mg
Pamoato de Pirantel 1,449 + Febantel 1,50g

Praziquantel 50mg + Pamoato de Pirantel 144mg + Febantel 150mg
Praziquantel 50mg + Pamoato de Pirantel 144mg + Febantel 150mg

Febantel 37,5mg + Pamoato de Pirantel 36mg + Praziquantel 12,5mg +
Ivermectina 0,015mg

Praziquantel 50mg + Pamoato de Pirantel 144mg + Febantel 150mg
Ivermectina 3mg

Milbemicina Oxima 2,5mg + Praziquantel 25mg
Milbemicina Oxima 12,5mg + Praziquantel 125mg

Fembendazol 100mg

Praziquantel 25mg + Pamoato de Pirantel 72,5mg + Pamoato de Oxantel
190mg
Selamectina 60mg

Praziquantel 50mg + Pamoato de Pirantel 144mg
Praziquantel 50mg + Pamoato de Pirantel 144mg + Febantel 150mg

Fembendazol 500mg

Fonte: Autor (2022).

Ademais, a resisténcia do helminto Ancylostoma spp. ja é relatada e é um problema para

a implementacéo de tratamentos anti-helminticos. A exemplo, Kopp et al. (2008) detectaram

cepas de A. caninum resistente ao principio pamoato de pirantel em 28% e 71% em dois isolados

distintos. Ainda, a exposi¢do dos helmintos a farmacos antihelminticos podem propiciar a

pressdo seletiva para gerar populacdes de helmintos resistentes.
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Nesse contexto, Kitchen et al. (2019) descrevem cepas resistentes aos principios ativos
fembendazol (dose 50mg/kg por 3 dias) e ivermectina. De acordo com os autores, relatou-se
uma mutacdo de par de bases no aminoacido 167 do gene isotipo 1 de b-tubulina, e usando
CRISPR/Cas9 foi demonstrado que, quando introduzida esta mutacdo no aminoacido
correspondente, confere um nivel semelhante de resisténcia ao tiabendazol. Ainda, os autores
também descrevem a resisténcia a Lactona Macrociclica Ivermectina, sendo esta € a primeira
descricdo de A. caninum multirresistentes.

Castro et al. (2021) também objetivaram, em seu estudo, avaliar o fen6tipo e o genotipo
de populages de A. caninum que infectam galgos. Para isso, amostras de fezes foram coletadas
sendo realizada a contagem de ovos em 219 amostras fecais, sendo que a resisténcia a
benzimidazois e Lactonas Macrociclicas foi avaliada a partir do ensaio de eclosao de ovo, e 0
ensaio de desenvolvimento larval para amostras de 54 animais. Com isso, 0s tratamentos com
albendazol, moxidectina ou a combinacéo de febantel-pirantel-moxidectina apresentaram 349,
33, 385 OPG para amostras que foram avaliadas com >10 dias pos tratamento, respectivamente.

Sobre isso, cabe ressaltar que cdes da raca Galgo sdo frequentemente expostos a
tratamentos antihelminticos. Isso deve-se ao fato de as corridas exigirem um esfor¢o fisico
destes animais, sendo a infecg¢do por A. caninum um fator que pode limitar o seu desempenho.
Associado a isso, o0s tratamentos antihelminticos sdo implementados sem avaliacdo
coproparasitoldgica prévia, ou sem acompanhamento por um Médico Veterinario. Castro et al.
(2019) realizaram um estudo baseado no teste de eclodibilidade de ovos (TEO) e no teste de
desenvolvimento larval (TDL) a partir de amostras encaminhadas ao laboratério. O TEO foi
utilizado para avaliacdo da eficacia de benzimidazol e TDL para lactona macrociclica. Este
estudo apresentou resisténcia multipla em isolados independentes de A. caninum, sugerindo que
esta parasitose pode ser um problema nos EUA. Adicionalmente, os autores sugerem que cepas
resistentes de A. caninum podem ser oriundas de locais onde sdo criados cées galgos.

Hess et al. (2019), em outro estudo, avaliaram 8 galgos que apresentavam eliminagao
de ovos nas fezes mesmo apos tratamento anti-helmintico. Foram administrados moxidectina
topica, seguido de pirantel/febantel/praziquantel em 24 horas. Ap6s a realizacdo do
experimento, obteve-se que a combinacdo de moxidectina topica associada a pirantel, febantel
e praziquantel é uma associacdo recomendada para 0s cdes que apresentaram uma infeccao
crbnica por A. caninum, uma vez que nenhum tratamento anterior com farmaco comercial
apresentou eficacia satisfatoria. Este estudo, portanto, destaca a importancia da realizacdo de

exames coproparasitolégicos apds a administracdo de anti-helminticos, confirmando se o
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tratamento eliminou completamente o parasita, diminuindo, desse modo, o0 risco de cées

continuarem infectados e oferecendo risco aos proprietarios por contaminacdo ambiental.

2.5 MECANISMO DE ACAO DOS FARMACOS

2.5.1 Pamoato de Pirantel

Farmacos comerciais que apresentem em suas formulagdes a associagdo com pamoato
de pirantel possuem acdo blogueadora neuromuscular despolarizante, proporcionando um
bloqueio excitatério que atua como receptor nicotinico de acetilcolina (NAChR). Esse
mecanismo suscita em uma grande estimulacdo da musculatura dos nematdides, além de
contracdo espastica e paralisia (COURTNEY & ROBERTSON, 1995).

2.5.2 Praziquantel

O mecanismo de agio do praziquantel esta relacionado ao influxo de ions de Ca?" e
subsequente, paralisia muscular imediata do parasita. Também estéa relacionado a vacuolizacdo
em estruturas tegumentares de alguns parasitas de estagio adulto, expondo os antigenos de
superficie do parasita ao reconhecimento pelo sistema imunolégico do hospedeiro (CUPIT &
CUNNINGHAM 2015; XIAO et al., 2009).

2.5.3 Fembendazol

O fembendazol € um farmaco anti-helmintico muito utilizado na medicina veterinaria
pelo fato de apresentar amplo espectro. Pertencente a classe dos benzimidazéis, esse farmaco
tem como principal mecanismo de acdo a inibicdo da captacdo de glicogénio do parasita,
ocasionando a destruicdo microtubular no epitélio intestinal (SHORT et al., 1988).
Adicionalmente, os metabolitos desse farmaco ligam-se em um local especifico da molécula p-
tubulina, interrompendo as fungdes associadas aos microtubulos. Esse mecanismo proporciona
a inibicdo da divisdo celular e a inibicdo da absorcéo de nutrientes por meio do transporte de
vesiculas (LACEY 1990).
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2.5.4 Milbemicina Oxima

O mecanismo de acdo da milbemicina oxima esta relacionado a atividade
neurotransmissora. Assim, as milbemicinas, em especial a milbemicina oxima, sdo indutoras
da liberacdo do neurotransmissor gama &cido butirico (GABA), interferindo diretamente na
transmissdo neuronal dos parasitas. Adicionalmente, as milbemicinas possuem efeito mediado
por receptores de canais idnicos controlados por glutamato, sendo muito utilizadas como
nematicidas (FENG et al., 2002).

2.6 PREVENCAO E CONTROLE

Sabendo que cdes podem excretar ovos de helmintos nas fezes, a contaminagédo
ambiental por ovos de helmintos com potencial zoon6tico pode ocorrer. Dessa forma, diversos
estudos sdo realizados para avaliar a ocorréncia desses helmintos.

Guimaraes et al. (2005), por exemplo, verificaram a contaminagdo ambiental de
amostras de solos de pracas publicas do municipio de Lavras, Minas Gerais. Foram detectados
ovos de Toxocara spp., Ancylostoma spp. De acordo com os autores, as pracas publicas sdo as
areas que possuem maior risco para infeccdo de Toxocara spp. e Ancylostoma spp. Em outro
estudo, Gallina et al. (2011) verificaram a presenca de ovos de nematoides em 62% das
amostras analisadas do campus universitario de Pelotas, no Rio Grande do Sul. Os principais
helmintos detectados foram Toxocara spp. e ancilostomatideos. Além disso, larvas de
Ancilostomideos (77,62%), ovos de Toxocara spp. (13,43% Taenia spp. (5,97%) e de
Ancilostomideos (2,98%) foram detectados em amostras de areia de pracas publicas no
municipio de Sdo Mateus, no Espirito Santo (MACIEL et al. 2016).

A partir desses estudos, portanto, torna-se necessaria a implementacdo de acdes de
manejo com ambientes em que estes animais possam defecar, associado a limpeza destes locais,
bem como a educacéo de tutores que frequentam tais locais, para ter-se, desse modo, a coleta
das fezes dos cdes e realizar o destino correto deste material.

Ademais, os tratamentos das parasitoses gastrointestinais de cdes devem ser realizados
com duracdo e intervalos adequados, com acompanhamento do médico veterinario,
preferencialmente com a realizacdo de diagndstico prévio a intervencdo terapéutica
(FERREIRA et al. 2013).
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ANCYLOSTOMIDES IN THE GASTROINTESTINAL TRACT OF DOGS: OCCURRENCE, RISK

FACTORS AND MULTIPLE ANTIPARASITIC DRUG RESISTANCE

ABSTRACT

Helminth infections are detrimental to the overall health of dogs; therefore, this study aimed to detect a population
of antiparasitic resistant helminths and evaluate the infection rate in canines as well as the risk factors for
parasitism. For this purpose, a parasitological evaluation of 38 randomly selected animals was performed, followed
by the evaluation of the anthelminthic efficacy of three drugs: pyrantel pamoate with praziquantel (Canex
Composto®), fenbendazole (Fenzol Pet®), and milbemycin oxime with praziquantel (Milbemax C®). Of the
evaluated animals, 22/38 (57.89%) tested negative and 16/38 (42.71%) tested positive for Ancylostoma caninum.
To evaluate the efficacy of antiparasitic drugs, 12/16 (75%) were susceptible to pyrantel pamoate with
praziquantel, 3/4 (75%) to fenbendazole, and 1/1 (100%) to milbemycin oxime with praziquantel. The odds ratio
of infection in dogs that inhabit an environment containing soil or grass is 6.67 times higher than those who
inhabited impermeable environments. Mixed breed dogs (SRD) were 6.54 times more likely to be infected than
dogs with pure breeds. Ancylostoma caninum resistant to pyrantel pamoate with praziquantel (4/16, 25%) and
fenbendazole (1/4-25%) were detected. The results in this study the importance of coproparasitological monitoring
by professionals before and after treatments in highlighted, in order to assess the effectiveness of antiparasitic
drugs and ensure animal health and welfare, as well as unique health, as well as minimizing exposure of animals
to risk factors.

Keywords: Dog; Coproparasitological; Resistance; Risk factors; Public health; Brazil.

INTRODUCTION

The interaction between dogs and humans has increased considerably in recent decades, considering the
belonging of these animals as members of family groups, in addition to emotional bond (Schad 1994; Macpherson
2005). However, dogs can be infected by endo and ectoparasites, and some of them are considered to have zoonotic
potential (Schimmel et al. 2009; Dantas-Torres and Otranto 2014). Thus, the correct identification of parasites is
important, as it enables the planning of treatments and the implementation of prophylactic measures (Schad 1994;
Traversa et al. 2014; Alves et al. 2018; La Torre et al. 2018).

Some studies in Brazil have been conducted to assess the occurrence of parasites. Klimpel et al. (2010)

evaluated the presence of endo and ectoparasites in stray dogs from Fortaleza. In this study, the parasites found in
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the necropsy were Ancylostoma caninum and Dipylidium caninum, with a prevalence of 95.7% (2337/3162) and
45.7% (805/3162), respectively. Additionally, in coproparasitological examinations, Giardia spp. and A. caninum
were the most commonly found parasites. Alves et al. (2018) also identified Ancylostoma spp. in 36.7% (47/128),
Giardia spp. in 4.6% (6/128), Cystoisospora spp., Taenia spp., and Toxocara canis in 3.1% (4/128), Trichuris spp.
in 1.5% (2/128), and D. caninum in 0.7% (1/128), may have zoonotic potential. Furthermore, other studies carried
out with dogs, detected the prevalence of T. canis, Dirofilaria immitis, and Acanthocheilonema reconditum
(Klimpel et al. 2005; Dantas-Torres 2008).

Gastrointestinal parasites in dogs cause a variety of gastrointestinal clinical signs, such as diarrhea,
hematochezia, and perianal itching, which may vary depending on the age of the affected animals (Epe 2009;
Riggio et al. 2013). Respiratory signs can also occur, especially when related to larval migration (Overgaauw
1997), such as in T. canis and A. caninum. Puppies with acute A. caninum infection can present with all these
signs, along with anemia, which can aggravate and trigger developmental delay, apathy, and opaque hairs,
including the death of an animal (Reinemeyer 2016). However, in adult animals, some helminths are hardly related
to the presence of clinical signs (Payne-Johnson et al. 2000).

The main risk factors for the occurrence of infection in humans with dog helminths occur when animals
are not treated with effective or adequate anthelmintics, as well as the absence of periodic monitoring by
parasitological examinations (Schad 1994; Sager et al. 2006). Hence, it is evident that the use of
coproparasitological techniques is essential to provide a diagnosis of parasitism by helminths (Tamponi et al.
2017), considering that infections can have a subclinical nature (Thompson et al. 2000).

However, coproparasitological examinations are not frequently performed by veterinarians, and the
control of these endoparasites is generally carried out by professionals and tutors through the administration of
anthelmintics at predetermined intervals (three-six months), without proper evaluation of the efficacy of
antiparasitic drugs (Epe 2009; Tamponi et al. 2017). However, these treatments, when performed empirically, may
predispose to selection pressure for resistant parasites. Commonly, the main groups of drugs used for the treatment
of helminths in dogs belong to the class of benzimidazoles (fenbendazole, febantel), tetrahydropyrimidines
(pyrantel), isothiocyanates (nitroscanate), macrocyclic lactones (ivermectin, milbemycin oxime, selamectin,
moxidectin, and octaptin (emodepside) (Epe 2009).

The resistance of A. caninum to anthelmintics has been reported primarily for pyrantel pamoate (Kopp et
al. 2008a) in terms of prophylactic use, constituting the main aggravating factor for pressure selection of resistant

populations of helminths (Thompson et al. 2000). Jimenez Castro et al. (2020) reported that some veterinarians
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empirically reported the refractoriness of hookworms to anthelmintics commonly used in the United States. Castro
et al. (2019) detected three isolates that were multiresistant to benzimidazoles, macrocyclic lactones, and
tetrahydropyrimidines. Furthermore, the association of helminth resistance to drugs used with a high frequency of
treatments was verified. Another factor that contributes to parasitic resistance is the suppressive use of macrocyclic
lactones for infection by D. immitis microfilariae (Bowman and Atkins 2009), which favors the establishment and
development of resistance (Bourguinat et al. 2011).

Therefore, the objective of this study was to evaluate the efficacy of pyrantel pamoate with praziquantel,
fenbendazole, and milbemycin oxime with praziquantel against helminth populations of naturally infected dogs,

as well as to determine the risk factors for the selection of resistant helminth populations.

MATERIALS AND METHODS
Selection of animals

To conduct this study, 38 naturally infected animals that had not been treated with antiparasitic drugs for
at least one month prior to the beginning of this study were selected, in the city of Santa Maria, Rio Grande do
Sul. First, stool samples were collected and subjected to qualitative coproparasitological analysis, and samples that
tested positive for some helminths were subjected to quantitative analysis. To determine the effectiveness of the

antiparasitic drugs, samples that presented at least 50 helminth eggs per gram of feces were used.

Coproparasitological exams

With the aid of latex gloves, dog stool samples were collected immediately after defecation, placed in
isothermal boxes, and sent to the Laboratory of Parasitic Diseases at the Federal University of Santa Maria. Stool
samples were kept refrigerated until processing by qualitative (Willis 1921; Hoffman et al. 1934) and quantitative
(Gordon, H. M.; Whitlock 1939) coproparasitological techniques.

First, the qualitative floating technique according to Willis-Mollay (Willis 1921) was performed to assess
the presence of helminth eggs. For the evaluation of heavy eggs, the simple Hoffman sedimentation technique
(Hoffman et al. 1934) was used with modifications. In samples where some helminth eggs were identified, the
quantitative McMaster technique was performed (Gordon and Whitlock 1939). Ancylostoma spp. eggs were
identified according to Lucio-Foster et al. (2012). The samples were then observed under a Zeiss Primo Star 3

optical microscope at 100 and 400X magnification.
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Treatments

To carry out the treatments, the animals that presented egg excretion for some helminths were submitted
to the treatment protocol on day zero (D0) using pyrantel pamoate 145 mg with praziquantel 50 mg (Canex
Compound® CEVA), following the manufacturer's recommendations. On day seven (D7), helminths that still
excreted eggs in their feces were submitted to the second treatment with 500 mg of fenbendazole (Fenzol Pet®
Agener Unido Sadde Animal). On day 14, after the first treatment (D14), the animals that still had eggs in their
feces underwent the third treatment using milbemycin oxime (2.5 mg) with praziquantel 25 mg (Milbemax C®
Elanco). Seven days after the last treatment (D21), another fecal collection was performed to assess the presence

of egg excretion.

Efficacy test

To establish the effectiveness of antiparasitic treatments, comparisons of egg excretion rates before and
after 7 days of treatment were performed according to the World Association for the Advancement of Veterinary
Parasitology. To evaluate the effectiveness, the Faecal Egg Count Reduction Test (FECRT) was performed. This
study considered the parameter of anthelmintic efficacy below 90% as resistant, according to VICH GL19

Effectiveness of Anthelmintic and Overall Guidelines: Specific Recommendation for Canines (June 2001).

Questionnaire

To determine the risk factors, an epidemiological inquiry was carried out through the application of a
questionnaire on DO, directed to all tutors who participated in this work. The variables analyzed were as follows:
i) access to the street, ii) number of treatments for ectoparasites per year; iii) number of treatments for
endoparasites; iv) use of antiparasitic collars; v) frequency of veterinary appointments per year; vi) predominance
of environment, that is, where the animals spend most of their time; vii) presence of other animals in the same
environment; viii) dog food profile; ix) breed of dogs; x) education of the individual who studied the most in the

family; xi) and monthly family income (Table 2). The questionnaire was conducted using Google Forms.

Statistical analysis
Chi-square tests were used, and when the observed frequency was <5, Fisher's exact test was applied.
When the p-value is smaller than 5%, we reject the null hypothesis of no association and conclude that there is

evidence based on the result of the analysis on DO, which is associated with at least one category of the variables,
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considering a significance level of 5%. The odds ratio of dogs with a defined breed and those who inhabited a
waterproof environment was calculated by adjusting a logistic regression model and using the stepwise technique
to select the variables (Agresti, 2007). Additionally, a multiple logistic regression model was performed for the
animals with no defined breed (SRD) and the test result on DO.

This study was approved by the Ethics Committee on the Use of Animals (CEUA) under n® 9214111120
and the Ethics and Research with Human Beings Committee (CEP) under n® 40337720.7.0000.5346 of the Federal

University of Santa Maria.

RESULTS

In this study, the occurrence of A. caninum was observed in 16/38 (42.11%) of the animals evaluated. In
contrast, animals that showed shedding of A. caninum eggs in the analyzed samples were included in the efficacy
analysis.

After the first treatment using pyrantel pamoate with praziquantel, 12 (12/16) animals had a negative
result with an efficacy of 75%, indicating the resistance of this genus to pyrantel pamoate with praziquantel. Of
the four animals that received the second treatment with fenbendazole, three showed negative results, indicating
an efficacy of 75%. The animal that maintained A. caninum infection, even after two treatments, first pyrantel
pamoate associated with praziquantel and fenbendazole, was submitted to the third treatment using milbemycin
oxime with praziquantel, who consequently had a negative result. Therefore, these data demonstrated that the
population of A. caninum resistant to pyrantel pamoate when combined with praziquantel, and fenbendazole was
susceptible to milbemycin oxime with praziquantel, at 100% efficacy (Table 1).

The efficacy of using pyrantel pamoate with praziquantel on DO against populations of A. caninum in
animals 7, 8, 10, and 15 were 50%, 94.12%, 0%, and 77.78%, respectively. The efficacy of treatment with
fenbendazole on D7 was 100% for animals 8, 10, and 15. However, in animal 7, the efficacy was 0%. Therefore,
this animal was included in the efficacy test using milbemycin oxime with praziquantel, wherein 100% efficacy
was verified.

As for the assessment of risk factors, Table 2 presents the contingencies for the frequencies of the profile
variables, according to the assessment of the presence of eggs excreted on the first day of analysis.

Regarding the risk factors for the occurrence of helminth infection in dogs, in this study, 23.68% (9/38)
of these animals received at least three treatments per year to control helminths. Of the positive dogs, 18.42%

(7/38) performed one treatment per year for endoparasites, 36.84% (14/38) had controlled access to the street,
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36.84% (14/38) were predominantly in an environment of lawn or earth. Flea control was not performed in 5.26%
(2/38) of the animals, while 34.21% (13/38) used an antiparasitic collar, evaluating dogs that tested negative. Most
dogs did not cohabit with other animals (15/38) and showed egg excretion (15/38 p-value 0.1056).

Most of the animals that inhabited the waterproofed environment had a negative result. Animals that had
a defined breed and that lived in an impermeable environment were 6.67 times less likely to be infected when
compared to an SRD and that were in a lawn or earth environment. Additionally, SRD dogs, adjusted for the
environment, presented 6.54 times greater chances of infection when compared to the defined breed, when
analyzed by the logistic regression model.

Animals from tutors who received 3 to 5 minimum wages had a higher prevalence of A. caninum infection,
although family income did not show a significant association (p = 0.0292). Dogs from tutors with higher or

postgraduate education also showed a higher prevalence

DISCUSSION

Ancylostoma caninum is a helminth that greatly affects public health, with the dog as the main transmitting
host causing infection in humans, especially among children, through close contact with infected animals and/or
contaminated environments (Epe 2009; Dantas-Torres and Otranto 2014). Therefore, the detection of dog
nematode eggs by coproparasitological techniques found in this study, especially A. caninum, corroborates with
the results found by Klimpel et al. (2010) and Campos et al. (2016), in which they found a large occurrence of this
helminth in the states of Ceara and Espirito Santo, respectively. In addition, A. caninum has a cosmopolitan
distribution, with the majority occurring in dogs, among the main endoparasites (McCarthy and Moore 2000).

In this study, 42.11% (16/38) of the animals needed treatment, reinforcing the importance of using
anthelmintics to ensure animal welfare and human health, and avoid environmental contamination. Furthermore,
the identification of parasites can contribute to both the clinical diagnosis and reduction of the risk of transmission.
Schad (1994), Dracz et al. (2014), and Alves et al. (2018) observed the importance of correctly identifying
helminths in order to provide proper treatment. However, in this study, 57.89% (22/38) of the dogs did not present
with helminth egg excretion in feces.

The parasitosis caused by A. caninum has a significant deleterious effect on animal health, being one of
the main causes of neonatal death. Additionally, this can provide economic loss for dog breeders and influence

marketing. Furthermore, in adults, clinical signs include apathy, anorexia, anemia, weight loss, opaque coat, and
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pale mucosa. This infection can alter intestinal integrity, providing a gateway for other agents, such as bacteria
and viruses (Epe 2009; Pesavento and Murphy 2014).

It should be noted that the animals in this study could be receiving unnecessary antiparasitic treatments.
However, studies carried out by Campos et al. (2016) contradict these findings, which observed that most animals
were subjected to antiparasitic treatments at regular intervals, namely, less than 6 months in 25%, every 6 months
in 44%, and once a year in 25% of the evaluated dogs. Traversa (2012) and La Torre et al. (2018) highlighted the
importance of requesting complementary parasitological tests for diagnosis and the use of specific antiparasitic
drugs, especially in the case of species with zoonotic potential. Furthermore, constant epidemiological surveillance
and control measures carried out by veterinarians, as well as appropriate control measures, are essential to prevent
infection in animals, humans, and environmental contamination (La Torre et al. 2018).

It was observed that 75% (12/16) and 6.25% (3/4) of the animals had populations of A. caninum that were
multiresistant to pyrantel pamoate with praziquantel and fenbendazole, respectively. Kopp et al. (2008a, b) also
found populations of A. caninum resistant to pyrantel pamoate. However, a study carried out by Becker et al.
(2012) did not show populations of A. caninum and T. canis resistant to fenbendazole and pyrantel pamoate.
Moreover, they found 100% efficacy in the populations evaluated. It is noteworthy that in the biological cycle of
A. caninum, in young animals, the larvae that reach the lungs evade the musculature (histiotrophic phase), making
the action of certain antiparasitic drugs more difficult. In addition, frequent treatments, in over or under dosages,
multiple rotations of active principles, and preventive therapy against D. immitis infection may favor selection
pressure for resistant helminth populations (Epe 2009).

Robertson et al. (2000) highlighted the importance of being cautious in the use of associated
anthelmintics, as it is not a sustainable alternative and can eventually lead to a greater resistance of
pharmacological classes, reinforcing the need to monitor the effectiveness of drugs through coproparasitological
tests before and after treatments. It is noteworthy that, in this study, 57.89% (22/38) of the animals did not present
egg excretion in the feces, reinforcing the importance of performing coproparasitological tests prior to the
prescribed treatments.

In this study, no populations of A. caninum resistant to the milbemicina oxime + praziquantel were
detected. However, continuous treatment with this drug can be a risk factor for the selection pressure of parasites
resistant to this drug, especially when administered monthly as microfilaricidal therapy of D. immitis, since this
protocol is established to control parasitosis (Bowman and Mannella 2011). In this context, Castro et al. (2019)

and Kitchen et al. (2019) found isolates resistant to macrocyclic lactones, in addition to benzimidazoles.
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Jesus et al. (2015) evaluated the efficacy of pyrantel pamoate and ivermectin against A. caninum and
Toxocara spp. The presence of A. caninum populations resistant to pyrantel pamoate and populations of Toxocara
spp. resistant to ivermectin, corroborate the results in this work related to A. caninum.

Risk factors can predispose animals to helminth infection, and even if they are exposed to periodic
antiparasitic treatment protocols, they may continue to present excretion of eggs in feces, which can contaminate
the environment, thereby affecting humans and other animals (Campos et al. 2016). In this study, antiparasitic
treatments with ineffective drugs were unable to prevent the excretion of eggs, reinforcing the need for
coproparasitological examinations before and after treatment. Although infection in humans by cutaneous larva
migrans caused by A. caninum is self-limiting, individuals with transient or permanent immunosuppression factors
should be more careful (Velho et al. 2003). Moreover, eosinophilic enteritis may occur (Epe 2009).

Access to the streets where the animals usually stay was one of the variables verified in this study.
Regarding the chances of infection in animals that had controlled access to the street, 36.84% (14/38, p value 1)
were positive (Table 2). Most animals had controlled access to the street, that is, walks monitored by the tutor,
which reduced the exposure of these animals spontaneously and intermittently to potentially contaminated
environments. Raza et al. (2018) reported that exposure of animals to public environments is a risk factor for the
occurrence of infection, while Kopp et al. (2007) highlighted the importance of care when dogs visit public places,
considering that stray dogs can favor environmental contamination. However, the results of this study verified that
dogs with controlled access to the street can present with infections. This fact reinforces the significance of
responsible ownership by health authorities, veterinarians, and pet tutors, in promoting the overall health of
animals, especially parasitic control, and in preventing infection among humans.

Rinaldi et al. (2006) evaluated the presence of canine feces and helminth eggs in public squares in Naples,
Italy. In the evaluated samples, 16.9% (70/415) had a type of egg with zoonotic potential, especially those of A.
caninum. In Pelotas, southern Brazil, a study was also carried out to assess environmental contamination, in which
62% (124/200) of the samples had some nematode eggs with zoonotic potential (Gallina et al. 2011). These studies
corroborate the environmental contamination disseminated in these places, as well as the attention given by tutors
for the removal and proper disposal of feces.

In relation to the inhabited environment, most of which were in an impermeable environment, had a
negative result (12/14). Although a significant environmental contamination relationship was not verified (p =
0.008), it can be inferred that impermeable environments favor disinfection and, consequently, reduce the chances

of dogs becoming infected and contaminating these environments. However, the odds ratio between dogs that live
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in a waterproof environment and those that live in grass or earth environments, adjusted for the breed, presented a
value of 0.15. Additionally, animals that have defined breeds and live in impermeable environments, presented
6.67 times lower chances of infection than non-defined breed dogs, who lived in environments with soil or grass.
In addition, SRD dogs and those with a defined breed, adjusted for the environment, had a chance of infection 6.54
times that of defined breed dogs. Possibly, dogs that have defined breeds and live in waterproof environments
receive greater care from their tutors, and environmental disinfection is more frequently performed. In addition,
the viability of eggs in environments containing grass or soil may be higher due to humidity and temperature,
which are more favorable in these microclimates, thereby promoting the viability of helminth eggs.

Although D. caninum eggs were not detected in the fecal samples, the prescription of antiparasitic collar
use is relevant, considering the possibility that these animals are infected by ectoparasites or presenting themselves
as reservoirs of Leishmania spp. Therefore, the frequency of treatment with antiparasitic collars for fleas is
indirectly related to the prevention of leishmaniasis. In this study, the use of drugs to control fleas was performed
in most animals with some frequency, with only 5.26% (2/38) being guardians who did not perform any type of
treatment for ectoparasites. However, 34.21% (13/38) of the animals used an antiparasitic collar (Table 2). The
low adherence to this method should be discussed with tutors, mainly by evaluating the risks and costs against the
non-compliance to preventive measures in order to avoid exposure to ectoparasites, the vector of Leishmania spp.,
and mainly, to avoid this zoonosis (Dantas-Torres and Otranto 2014). Thus, the need for tutors to be aware of the
importance of this prevention and control alternative is highlighted.

Further, it was observed that most animal guardians visited veterinary clinics one or more than three times
a year, although it was found that animals that had access to veterinary consultations had egg excretion in feces.
Through routine veterinary consultations, stool tests may be requested by the veterinarian to assess the need for
anthelmintic treatment and avoid unnecessary treatment. Kopp et al. (2007) stated that complementary
coproparasitological examinations are essential tools for the indirect diagnosis of canine gastrointestinal
endoparasite infections.

Regarding the sharing of environment with other animals, most (29/38) of the dogs evaluated in this study
cohabited with other pets, and most of them had helminth egg excretion (15/29 p-value 0 1056). The presence of
other animals revealed a risk factor for the occurrence of environmental contamination, as well as the spread of
infection to other animals. Furthermore, a greater density of animals in an environment and inadequate sanitation

can provide greater accumulation of feces and increase the rate of environmental contamination. Additionally, the
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presence of stray dogs that circulate in these environments can favor the excretion of contaminated feces, which
may introduce new parasitic, favoring the genetic multiplicity of parasites (Traversa et al. 2014).

In relation to family income, it can be seen that animals from tutors who received three to five minimum
wages had a higher prevalence of helminth infections than that of other income groups (Table 2). Although family
income did not show a significant association (p = 0.0292), it is noteworthy that these economic conditions may
have provided a greater number of antiparasitic treatments without coproparasitological evaluation and without
veterinary assistance. This may have led to the failed adoption of antiparasitic protocols, including underdosing,
overdosing, anthelmintic ineffectiveness, incorrect periodicity, inadequate action of species, and parasitic stages,
among others.

Regarding tutors’ variable education, it was observed that there was an influence of prophylactic
methodologies on the occurrence of helminth infection (p-value 0.4856). Interestingly, dogs from tutors who had
completed higher education or postgraduate studies had a higher occurrence of helminth egg excretion than those
who had completed high school. However, Cabral Monica et al. (2021) evaluated the same variable and observed
human infection by Toxoplasma gondii and T. canis. In this study, it was found that individuals who studied for
less than 8 years were 1.64 times more likely to be exposed to T. gondii. This fact confirmed that higher education
was related to the prevention of zoonotic diseases. In addition, the occurrence of T. canis infection was also
associated with a lower level of education. Bath et al. (2010) inferred that the educational level of individuals was
positively associated with knowledge of gastrointestinal parasites, as well as prophylactic measures. It is
noteworthy that individuals with a higher level of education performed a greater number of antiparasitic treatments,
resulting in pressure selection of multiresistant parasites, thereby favoring greater egg excretion and environmental

contamination.

CONCLUSION

Populations of A. caninum resistant to pyrantel pamoate with praziquantel and fenbendazole were
detected. In addition, the analysis of the questionnaire's database allowed the association of variables, with greater
chances of infection in dogs that received treatment for endoparasites once a year, had access to the street in a
controlled manner, cohabited in a grass or earth environment, were dogs of mixed breed, had access to veterinary
appointments once a year, cohabited with animals in the same environment, and received feed or food. The results
obtained reinforce the importance of performing coproparasitological examinations before and after the

implementation of antiparasitic treatment. Likewise, the need for coproparasitological monitoring is emphasized
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to ensure the effectiveness of the treatments performed, as well as to minimize the unnecessary exposure of animals

to anthelmintics.

ACKNOWLEDGEMENT
The authors thank the Coordination for the Improvement of Higher Education Personnel (CAPES) and the National

Council for Research and Development (CNPq), Brazil, for their financial support.

FOUNDATION

This work was supported by the National Research and Development Council (CNPQ).

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

REFERENCES

Alves MEM, Martins FDC, Bréunig P, et al (2018) Molecular detection of Cryptosporidium spp. and the
occurrence of intestinal parasites in fecal samples of naturally infected dogs and cats. Parasitol Res
117:3033-3038. https://doi.org/10.1007/s00436-018-5986-4

Bath JL, Eneh PN, Bakken AJ, et al (2010) The impact of perception and knowledge on the treatment and
prevention of intestinal worms in the Manikganj district of Bangladesh. Yale J Biol Med 83:171-184

Becker AC, Rohen M, Epe C, Schnieder T (2012) Prevalence of endoparasites in stray and fostered dogs and cats
in Northern Germany. Parasitol Res 111:849-857. https://doi.org/10.1007/s00436-012-2909-7

Bourguinat C, Keller K, Bhan A, et al (2011) Macrocyclic lactone resistance in Dirofilaria immitis. Vet Parasitol
181:388-392. https://doi.org/10.1016/j.vetpar.2011.04.012

Bowman DD, Atkins CE (2009) Heartworm Biology, Treatment, and Control. Vet Clin North Am - Small Anim
Pract 39:1127-1158. https://doi.org/10.1016/j.cvsm.2009.06.003

Bowman DD, Mannella C (2011) Macrocyclic lactones and dirofilaria immitis microfilariae. Top Companion
Anim Med 26:160-172. https://doi.org/10.1053/j.tcam.2011.07.001

Cabral Monica T, Evers F, de Souza Lima Nino B, et al (2021) Socioeconomic factors associated with infection
by Toxoplasma gondii and Toxocara canis in children. Transbound Emerg Dis 1-7.
https://doi.org/10.1111/tbed.14129

Campos DR, Oliveira LC, De Siqueira DF, et al (2016) Prevalence and risk factors associated with endoparasitosis
of dogs and cats in Espirito Santo, Brazil. Acta Parasitol 61:544-548. https://doi.org/10.1515/ap-2016-0072

Castro PDJ, Howell SB, Schaefer JJ, et al (2019) Multiple drug resistance in the canine hookworm Ancylostoma
caninum: An emerging threat? Parasites and Vectors 12:1-15. https://doi.org/10.1186/s13071-019-3828-6

Dantas-Torres F (2008) Canine vector-borne diseases in Brazil. Parasites and Vectors 1:1-17.
https://doi.org/10.1186/1756-3305-1-25



34

Dantas-Torres F, Otranto D (2014) Dogs, cats, parasites, and humans in Brazil: Opening the black box. Parasites
and Vectors 7:1-25. https://doi.org/10.1186/1756-3305-7-22

Dracz RM, Mozzer LR, Fujiwara RT, Lima W dos S (2014) Parasitological and hematological aspects of co-
infection with Angiostrongylus vasorum and Ancylostoma caninum in dogs. Vet Parasitol 200:111-116.
https://doi.org/10.1016/j.vetpar.2013.12.003

Epe C (2009) Intestinal Nematodes: Biology and Control. Vet Clin North Am - Small Anim Pract 39:1091-1107.
https://doi.org/10.1016/j.cvsm.2009.07.002

Gallina T, da Silva MAMP, de Castro LLD, et al (2011) Presence of eggs of Toxocara spp. and hookworms in a
student environment in Rio Grande do Sul, Brazil. Rev Bras Parasitol Vet 20:176-177.
https://doi.org/10.1590/s1984-29612011000200016

Gordon, H. M.; Whitlock H V. (1939) A new techinique for counting nematode eggs in sheep faeces. J. Counc.
Sci. Ind. 12:50-52

Hoffman WA, Pons JA, Janer JL (1934) The sedimentation-concentration method in Schistostomiasis mansoni.
PR J Public Health Trop Med 9:283-291

Jesus AP, Holsback L, Selingardi MS, et al (2015) Efficacy of pyrantel pamoate and ivermectin for the treatment
of canine nematodes. Semin Agrar 36:3731-3740. https://doi.org/10.5433/1679-0359.2015v36n6p3731

Jimenez Castro PD, Mansour A, Charles S, et al (2020) Efficacy evaluation of anthelmintic products against an
infection with the canine hookworm (Ancylostoma caninum) isolate Worthy 4.1F3P in dogs. Int J Parasitol
Drugs Drug Resist 13:22-27. https://doi.org/10.1016/j.ijpddr.2020.04.003

Kitchen S, Ratnappan R, Han S, et al (2019) Isolation and characterization of a naturally occurring multidrug-
resistant strain of the canine hookworm, Ancylostoma caninum. Int J Parasitol 49:397-406.
https://doi.org/10.1016/j.ijpara.2018.12.004

Klimpel S, Heukelbach J, Pothmann D, Riickert S (2010) Gastrointestinal and ectoparasites from urban stray dogs
in Fortaleza (Brazil): High infection risk for humans? Parasitol Res 107:713-719.
https://doi.org/10.1007/s00436-010-1926-7

Klimpel S, Mehlhorn H, Heukelbach J, et al (2005) Field trial of the efficacy of a combination of imidacloprid and
permethrin against Tunga penetrans (sand flea, jigger flea) in dogs in Brazil. Parasitol Res 97:113-119.
https://doi.org/10.1007/s00436-005-1454-z

Kopp SR, Coleman GT, Mccarthy JS, Kotze AC (2008a) Application of in vitro anthelmintic sensitivity assays to
canine parasitology : Detecting resistance to pyrantel in Ancylostoma caninum. 152:284-293.
https://doi.org/10.1016/j.vetpar.2007.12.020

Kopp SR, Coleman GT, McCarthy JS, Kotze AC (2008b) Phenotypic characterization of two Ancylostoma
caninum isolates with different susceptibilities to the anthelmintic pyrantel. Antimicrob Agents Chemother
52:3980-3986. https://doi.org/10.1128/AAC.00523-08

Kopp SR, Kotze AC, McCarthy JS, Coleman GT (2007) High-level pyrantel resistance in the hookworm
Ancylostoma caninum. Vet Parasitol 143:299-304. https://doi.org/10.1016/j.vetpar.2006.08.036

La Torre F, Di Cesare A, Simonato G, et al (2018) Prevalence of zoonatic helminths in italian house dogs. J Infect
Dev Ctries 12:666-672. https://doi.org/10.3855/JIDC.9865

Lucio-Forster A, Liotta JL, Yaros JP, Briggs KR, Mohammed HO, Bowman DD (2012). Morphological

Differentiation of Eggs of Ancylostoma caninum, Ancylostoma tubaeforme, and Ancylostoma braziliense



35

From Dogs and Cats in the United States. J Parasitol 98:1041-1044. https://doi.org/10.1645/GE-2928.1

Macpherson CNL (2005) Human behaviour and the epidemiology of parasitic zoonoses. Int J Parasitol 35:1319-
1331. https://doi.org/10.1016/j.ijpara.2005.06.004

McCarthy J, Moore TA (2000) Emerging helminth zoonoses. Int J Parasitol 30:1351-1359.
https://doi.org/10.1016/S0020-7519(00)00122-3

Overgaauw PAM (1997) Aspects of Toxocara epidemiology: Toxocarosis in dogs and cats. Crit Rev Microbiol
23:233-251. https://doi.org/10.3109/10408419709115138

Payne-Johnson M, Maitland TP, Sherington J, et al (2000) Efficacy of selamectin administered topically to
pregnant and lactating female dogs in the treatment and prevention of adult roundworm (Toxocara canis)
infections and flea (Ctenocephalides felis felis) infestations in the dams and their pups. Vet Parasitol 91:347—
358. https://doi.org/10.1016/S0304-4017(00)00304-6

Pesavento PA, Murphy BG (2014) Common and Emerging Infectious Diseases in the Animal Shelter. Vet Pathol
51:478-491. https://doi.org/10.1177/0300985813511129

Raza A, Rand J, Qamar AG, et al (2018) Gastrointestinal parasites in shelter dogs: Occurrence, pathology,
treatment and risk to shelter workers. Animals 8:. https://doi.org/10.3390/ani8070108

Reinemeyer CR (2016) Formulations and Clinical Uses of Pyrimidine Compounds in Domestic Animals. Elsevier
Inc.

Riggio F, Mannella R, Ariti G, Perrucci S (2013) Intestinal and lung parasites in owned dogs and cats from central
Italy. Vet Parasitol 193:78-84. https://doi.org/10.1016/j.vetpar.2012.11.026

Rinaldi L, Biggeri A, Carbone S, et al (2006) Canine faecal contamination and parasitic risk in the city of Naples
(southern Italy). BMC Vet Res 2:1-6. https://doi.org/10.1186/1746-6148-2-29

Robertson ID, Irwin PJ, Lymbery RCA, Thompson RCA (2000) The role of companion animals in the spread of
zoonoses of parasitic origin. Int J Parasitol 30:1369-1377. https://doi.org/10.20506/rst.10.3.571

Sager H, Moret CS, Grimm F, et al (2006) Coprological study on intestinal helminths in Swiss dogs: Temporal
aspects of anthelminthic treatment. Parasitol Res 98:333-338. https://doi.org/10.1007/s00436-005-0093-8

Schad GA (1994) Hookworms: Pets to humans. Ann Intern Med 120:434-435. https://doi.org/10.7326/0003-4819-
120-5-199403010-00013

Schimmel A, Altreuther G, Schroeder I, et al (2009) Efficacy of emodepside plus praziquantel tablets (profender®
tablets for dogs) against mature and immature adult Ancylostoma caninum and Uncinaria stenocephala
infections in dogs. Parasitol Res 105:9-16. https://doi.org/10.1007/s00436-009-1490-1

Tamponi C, Varcasia A, Pinna S, et al (2017) Endoparasites detected in faecal samples from dogs and cats referred
for routine clinical visit in Sardinia, Italy. Vet Parasitol Reg Stud Reports 10:13-17.
https://doi.org/10.1016/j.vprsr.2017.07.001

Thompson RCA, Hopkins RM, Homan WL (2000) Nomenclature and genetic groupings of Giardia infecting
mammals. Parasitol Today 16:210-213. https://doi.org/10.1016/S0169-4758(99)01624-5

Traversa D (2012) Pet roundworms and hookworms: A continuing need for global worming. Parasites and Vectors
5:1-19. https://doi.org/10.1186/1756-3305-5-91

Traversa D, Frangipane Di Regalbono A, Di Cesare A, et al (2014) Environmental contamination by canine
geohelminths. Parasites and Vectors 7:1-9. https://doi.org/10.1186/1756-3305-7-67

Velho PENF, Faria AV, Cintra ML, et al (2003) Larva migrans: A case report and review. Rev Inst Med Trop Sao



36

Paulo 45:167-171. https://doi.org/10.1590/S0036-46652003000300010

VICH GL19 effectiveness of anthelmintic: overall guidelines: specific recommendations for canines (June 2001).
https://www.ema.europa.eu/en/vich-gl19-efficacy-anthelmintics-specific-recommendations-canines.
Acessed 08 Nov 2021.

Willis HH (1921) A Simple Levitation Method for the Detection of Hookworm Ova. Med J Aust 2:375-376.
https://doi.org/10.5694/j.1326-5377.1921.th60654.x

Table 1: Excretion of Ancylostoma caninum eggs per animal on each day of treatment and Fecal Egg Count

Reduction Test (FECRT)

Day 0 Day 7 Day 14 Day 21

(FECRT%) (FECRT%) (FECRT%)

Animal 1 150 0 (100%) unvalued unvalued
Animal 2 150 0 (100%) unvalued unvalued
Animal 3 300 0 (100%) unvalued unvalued
Animal 4 50 0 (100%) unvalued unvalued
Animal 5 750 0 (100%) unvalued unvalued
Animal 6 100 0 (100%) unvalued unvalued
Animal 7 100 50 (50%) 200 (0%) 0 (100%)
Animal 8 1700 100 (94,12%) 0 (100%) unvalued
Animal 9 950 0 (100%) unvalued unvalued
Animal 10 100 250 (0%) 0 (100%) unvalued
Animal 11 1000 0 (100%0) unvalued unvalued
Animal 12 50 0 (100%) unvalued unvalued
Animal 13 350 0 (100%) unvalued unvalued
Animal 14 150 0 (100%) unvalued unvalued
Animal 15 450 100 (77,78%) 0 (100%) unvalued

Animal 16 150 0 (100%) unvalued unvalued




Table 2: Frequency of analyzed variables according to the first day of analysis.
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VARIABLES NEGATIVE POSITIVE p-value
Treatment for endoparasites
0 treatments per year 0 0,00%
1 treatments per year 15,79% (6/38) 18,42% (7/38)

0,4913
2 treatments per year 18,42% (7/38) 13,16% (5/38)
3 or more treatments a year 23,68% (9/38) 10,53% (4/38)
Treatment for ectoparasites
0 treatments per year 5,26% (2/38) 0,00%
1 treatments per year 5,26% (2/38) 15,79% (6/38)

0,0447*
2 treatments per year 18,42% (7/38) 2,63% (1/38)
3 or more treatments a year 28,95% (11/38) 23,68% (9/38)
Street access
Controlled 52,63% (20/38) 36,84% (14/38)

1
Unimpeded 5,26% (2/38) 5,26% (2/38)
Predominance of environment
Lawn or earth 26,32% (10/38) 36,84% (14/38)

0,008
waterproofed 31,58% (12/38) 5,26% (2/38)
Breed
Defined breed 42,11% (16/38) 10,53% (4/38)

0,0036*
No defined breed 15,79% (6/38) 31,58% (12/38)
Use of antiparasitic collars
No 34,21% (13/38) 31,58% (12/38)

0,3074
Yes 23,68% (9/38) 10,53% (4/38)
Veterinary consultation frequencies
0 appointments per year 5,26% (2/38) 13,16% (5/38)
1 appointments per year 39,47% (15/38) 23,68% (9/38)

0,3402
2 appointments per year 5,26% (2/38) 0,00
3 or more appointments per year 7,89% (3/38) 5,26% (2/38)



Presence of other animals in the same
environment

Sporadically

No

Yes

Dog food profile

Exclusive food

Scrap leftovers

Feed or food

Just feed

Family income

1 to 3 minimum salary

3 to 5 minimum salary

5 to 10 minimum salary

More than 10 minimum salary
Tutors’ education

Complete high school
Complete higher education

Incomplete higher education

Postgraduate studies

2,63% (1/38)
18,42% (7/38)

36,84% (14/38)

10,53% (4/38
2,63% (1/38)
10,53% (4/38)

34,21% (13/38)

15,79% (6/38)
26,32% (10/38)
15,79% (6/38)

0,00%

5,26% (2/38)
28,95% (11/38)
2,63% (1/38)

21,05% (8/38)

0,00
2,63% (1/38)

39,47% (15/38)

0,00
0,00
23,68% (9/38)

18,42% (7/38)

0,00
23,68% (9/38)
10,53% (4/38)

7,89% (3/38)

0,00
18,42% (7/38)
0,00

23,68% (9/38)

4 CONSIDERACOES FINAIS

0,1056

0,0342*

0,0292*

0,4856
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Como resultado do presente estudo, utilizando as técnicas de Willis, Sedimentagdo

Simples e McMaster, foi possivel realizar a deteccdo de Ancylostoma caninum em amostras

fecais de cdes. Cabe salientar que este parasita possui potencial zoondtico, podendo ser

considerado um problema de saude publica.

Adicionalmente, verificou-se a eficécia de trés farmacos comerciais para o tratamento

de A. caninum, sendo Canex Composto® (pamoato de pirantel + praziquantel), Fenzol Pet®

(fembendazol) e Milbemax C® (milbemicina oxima + praziquantel) os farmacos utilizados.
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Diante disso, pode-se verificar a resisténcia ao pamoato de pirantel com praziquantel e
fembendazol. Além disso, o banco de dados permitiu avaliar a associacdo de variaveis, sendo
as maiores chances de infeccdo em cdes que recebiam tratamento para endoparasitos uma vez
ao ano, que tinham acesso a rua de forma controlada, que conviviam em ambiente de grama ou
terra. Esses eram cées sem raga definida, tinham acesso a consultas veterinarias uma vez ao ano
e recebiam racdo ou comida como fonte alimentar.

Por fim, os resultados obtidos neste estudo também proporcionaram a divulgacéo da
importancia de realizacdo de exames coproparasitolgicos prévios e posteriores a prescri¢ao de
tratamentos antiparasitérios, a fim de garantir-se a eficacia dos farmacos utilizados, bem como

minimizar a exposi¢des dos animais aos anti-helminticos.
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APENDICES

APENDICE 1 — Questionario epidemioldgico aplicado aos tutores

Formulario de pesquisa

Olg,

Venho através deste formulario solicitar algumas informagdes referente as amostras dos animais que foram doadores
das fezes para esta pesquisa. Este formulario devera ser preenchido para um Gnico animal. Se foram coletadas fezes de
mais de um animal na mesma residéncia, devera ser enviado a resposta em dois momentos distintos.

*Qbrigatdrio

Nome do tutor *

Endereco da residéncia* 0 pontos

Qual a raca do seu cachorro? *

Marcar apenas uma oval.

SRD (sem raca definida)
Buldogue Francés
Buldogue Inglés
Labrador

Pinscher

QOutro:

Qual o tipo de alimentacéo que o cachorro recebe? *

Marcar apenas uma oval.



o

o
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Somente Racéao
Somente comida (arroz+carne) feita exclusivamente para ele
Somente comida (sobras das refei¢des realizadas na residéncia)

Racdo ou comida (sobras das refei¢des realizadas na residéncia)

Com relagdo ao acesso a rua: *
Marcar apenas uma oval.
Cao sem acesso a rua (ndo realiza passeios)

Cé&o com acesso a rua (passeios/acesso a rua controlado)

Cao com acesso a rua (de forma livre)

Qual a frequéncia de tratamentos para pulgas (pd, comprimidos, injetavel, spot on) *

Marcar apenas uma oval.

1 Vez ao ano ou menos
2 vezes ao ano
3 Vezes ao ano ou mais

nao realiza

Se realiza tratamento para pulgas, responda qual 0 nome do medicamento mais utilizado nos Gltimos
tratamentos

Qual a frequéncia de tratamentos para vermes (injetavel, comprimidos) *

Marcar apenas uma oval.

1 vez a0 ano ou menos
2 vezes ao ano
3 vezes ao ano ou mais

nao realiza

Se realiza tratamento para vermes, responda qual 0 nome do medicamento mais utilizado nos Gltimos
tratamentos



10.  Qual o ambiente em que o animal passa a maior parte do tempo? *
Marcar apenas uma oval.

Ambiente impermeabilizado

Ambiente de grama/terra

11.  Escolaridade do individuo que mais estudou na familia? *

Marcar apenas uma oval.

Ensino fundamental incompleto
Ensino fundamental completo
Ensino médio incompleto
Ensino médio completo

Ensino superior incompleto
Ensino superior completo

Pds-Graduacéo

12.  Qual a renda mensal familiar? *
Marcar apenas uma oval.
Até um salario minimo
De 1 a 3 salarios minimos
De 3 a 5 salarios minimos

De 5 a 10 salarios minimos

Acima de 10 salarios minimos

13.  Presenca de outros animais no mesmo ambiente

Marcar apenas uma oval.

Ha presenca de outros animais no mesmo ambiente

Né&o ha presenca de outros animais no mesmo ambiente

14.  Se houver mais algum animal, quantos?

45



15. O animal possui alguma doenga prévia, como Parvovirose por exemplo.

16. O cachorro usa coleira antiparasitaria

Marcar apenas uma oval.

sim

17.  Qual a frequéncia que o animal ¢é avaliado por médico veterinario

Marcar apenas uma oval.

1 vez ao ano ou menos
2 vezes ao ano
3 vezes ao ano

nenhuma vez

Este contetido ndo foi criado nem aprovado pelo Google.

Google Formularios
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