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Resumo

SILVA, Sergio Silva da. Perspectivas atuais e futuras do controle do carrapato
dos bovinos Rhipicephalus (Boophilus) microplus e dos agentes por eles
transmitidos. 2015. 86 f. Tese (Doutorado) - Programa de Pdés-Graduagdo em
Veterinaria, Faculdade de Veterinaria, Universidade Federal de Pelotas, Pelotas,
2014.

As infestagdes pelo carrapato dos bovinos, Rhipicephalus (Boophilus) microplus e os
agentes hematozoarios transmitidos por ele, compdéem o chamado complexo
carrapato-tristeza parasitaria, que representa um dos maiores entraves para o
desenvolvimento da pecuaria bovina nacional. O presente trabalho descreve um
conjunto de experimentos relacionados as estratégias de controle do complexo
como controle quimico com um estudo prospectivo da distribuicdo da resisténcia
quimica em populagbes de R. B. microplus no Rio Grande do Sul, controle
quimioprofilatico com uso de drogas para controle da tristeza parasitaria subclinica
em bovinos na melhoria do ganho de peso, controle genético pela avaliagdo da
resisténcia genética contra carrapatos e controle biolégico de carrapatos utilizando
fungos com efeito entomopatogénico. Foram coletadas amostras de carrapatos de
55 propriedades de 21 municipios do Rio Grande do Sul e submetidas ao teste de
Drummond para demonstrar o perfil de sensibilidade aos principios ativos de
carrapaticidas usuais para tratamento de infestacbes; Foram submetidos lotes de
bovinos da raga angus desmamados a aplicagao de quimioprofilaxia contra a tristeza
parasitaria subclinica a base de diaceturato de diminazeno, oxitetraciclina e
dipropionato de imidocarb, com controle hematologico e de ganho de peso; Foram
infestados artificialmente dois lotes de 20 novilhas selecionadas geneticamente por
controles fenotipicos e genotipicos de resisténcia aos carrapatos e mensuradas as
caracteristicas fisioldgicas dos carrapatos como numero e peso de carrapatos,
massa de oviposicado, indice de eficiéncia reprodutiva e indice de eficiéncia
nutricional; Foram coletadas amostras de fungos autdctones, cultivados,
caracterizados e utilizados para produzir infeccdo em carrapatos com mensuragao
dos efeitos entomopatogénico dos isolados sobre larvas de carrapatos. Foi
demonstrada distribuicdo de mais de 70,0% de populagdes de carrapatos com
resisténcia a no minimo um principio ativo e 41,8% com resisténcia multipla com
risco alto risco de dispersdo entre propriedades; O wuso de protocolos
quimioprofilaticos promoveu aumento no ganho de peso dos bovinos de 146%. Os
bovinos geneticamente resistentes e sensiveis produziram carrapatos com peso
inicial de teledginas de 0,204g e 0,202g; peso de postura de 0,097g e 0,109g; peso
das quendgenas de 0,044 e 0,045g; indice de Eficiéncia Reprodutiva de 47,7% e
52,5%; indice de Eficiéncia Nutricional de 54,3% e 66,4%, respectivamente; As
colénias fungicos produziram infecgdo natural com mortalidade variada de larvas
carrapatos infectadas. Conclusdes: A resisténcia as drogas carrapaticidas apresenta
ampla e crescente distribuicdo no Rio Grande do Sul, com alto grau de risco de
dispersao entre propriedades pecuarias; A quimioprofilaxia para tristeza parasitaria
bovina, pode ser recomendada como importante ferramenta de manejo para
aceleracao de crescimento e acabamento de carcacas em bovinos super precoces



destinados ao abate; A resisténcia genética de bovinos € um importante fator para a
reducdo das infestacdes por carrapatos e pode ser utilizada como um dos critérios
de selecdo de reprodutores destinados para a produgdo pecuaria em regides
endémicas de infestagbes por carrapatos; Os fungos autéctones com efeito
entomopatogénico representam importantes controladores de infestagdes por
carrapatos e devem ser melhor estudados para contribuicdo nas estratégias de
controle integrado. Conclusdes Gerais: A integracdo de medidas de controle
biolégico com microorganismos entomopatogénicos com o controle genético visando
a adequacdo de perfis imunologicos dos reprodutores associados ao controle
quimico vigiado e monitorado devera ser reforgada com estratégia.

Palavras-Chave: resisténcia aos carrapaticidas, quimioprofilaxia, resisténcia imune,
controle biologico.



Abstract

SILVA, Sergio Silva da. Current and future prospects for the control of
Rhipicephalus (Boophilus) microplus and tick borne agents to the cattle. 2015.
86 f. Thesis (Doctor Degree in Science) - Programa de Pds-Graduagdo em
Veterinaria, Faculdade de Veterinaria, Universidade Federal de Pelotas, Pelotas,
2014.

Tick Rhipicephalus (Boophilus) microplus infestations in cattle, and tick bonre agents,
comprise the complex called tick and tick borne diseases, which represents one of
the biggest obstacles to the development of domestic cattle. This paper describes a
set of experiments related to the complex control strategies such as chemical control
with a prospective study of the distribution of chemical resistance in populations of
R.B. microplus in Rio Grande do Sul, chemoprophylactic control with using drugs to
control subclinical tick fever in cattle improving the weight gain, the evaluation
genetic control of genetic resistance against tick infestation and tick control using
entomopathogenic fungi. Samples of ticks from 55 properties of 21 municipalities in
Rio Grande do Sul and submitted to the Drummond test were collected to
demonstrate the sensitivity of the acaricides drugs; Cattle angus breed weaned were
treated with chemoprophylaxis protocols against suclinical TBD based on diaceturate
of diminazene, oxytetracycline and dipropionate imidocarb submited to hematological
and weight gain analisis. Were genetically selected two batches of heifers resistant
and suceptible to tick and infested under field conditions Tick physiological
parameters were measured; Samples of native fungi isolates grown, characterized
and used to infect tick larvae and entomopathogenic effect were measured.
Distribution of more than 70.0% of tick populations with resistance to at least one
active ingredient and 41.8% with multiple resistance at high risk of spreading risk
among properties was demonstrated; The use of chemoprophylactic protocols
promoted an increase in weight gain of 146%. The cattle genetically resistant and
susceptible cattle ticks produced estatistic diferences between tick parameters; The
fungal isolates produced naturally infected with varied larvae mortality of infected
ticks. Conclusions: Drug acaricide resistance presents large and growing distribution
in Rio Grande do Sul, with a high degree of risk dispersion between farms; A
chemoprophylaxis, can be recommended as an important management tool to
accelerate growth and finishing of castings in super early cattle for slaughter; The
genetic resistance of cattle is an important factor for reducing infestation by ticks and
can be used as a criterion for selection of bulls destined for livestock production in
endemic areas of infestation by ticks; Indigenous fungi with entomopathogenic
effectss represent important drivers of infestation by ticks and should be better
studied to contribute in integrated control strategies. General Conclusions: The
integration of biological control strategy using pathogenic microorganisms with the
genetic control aimed at adapting the immunological profiles of the players
associated with chemical control should be watched and monitored with enhanced
strategy.

Keywords: resistance to acaricides; chemoprofilaxys, bovine genetic resistance;
biological control.
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1 INTRODUGAO

A pecuaria nacional tem se destacado como a mais promissora na produgao
de carnes destinadas a exportacdo, para atendimento ao consumo mundial
crescente e a dificuldade de outros paises manterem a producao para o atendimento
de suas demandas internas. As infestagbes parasitarias causadas por artrépodos,
vermes, protozoarios e riquétsias representam as etiologias por agentes que
requerem os maiores consumos de medicamentos, vacinas e insumos para 0s
controles. Segundo o SINDAN (Sindicato Nacional da Industria de Produtos para a
Saude Animal), o volume comercializado de produtos destinados a pecuaria supera
a cifra de mais de R$3.956.000,00 ao ano (Fig. 1), onde cerca de 25% deste valor é
destinado ao tratamento e controle das parasitoses de um rebanho de cerca de
200.000.000 de cabecas entre rebanhos de corte e leiteiros.

Faturamento (RS 1,000.000,00)

2008 2009 2010 011 W 013

Figura 1. Faturamento do setor de insumos para a saude animal

nos ultimos 6 anos no Brasil. (Fonte: SINDAN)
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Figura 2. Distribuicao de faturamento do setor de insumos para a
saude animal nos ultimos 6 anos no Brasil caracterizado por

classes terapéuticas. (Fonte: SINDAN)

s R EE&EEREEREE

2008 2009 2010 01 2012 2013

WRuminantes WAves WSuinos WCdeseGatos WEquinos WOutros

Figura 3. Distribuicdo de faturamento do setor de insumos para a saude
animal nos ultimos 6 anos no Brasil caracterizado por espécies animais.
(Fonte: SINDAN)

O mercado de produtos destinados a saude e a nutricdo animal tem crescido
gradualmente nas ultimas décadas, em maiores propor¢gdes ao aumento dos
rebanhos nacionais (WOOD MACKENZIE, 2007). As empresas fabricantes de
medicamentos e insumos tem se dedicado a elaboracdo de produtos (AHMED &
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KASRAIAN, 2002), em diferentes classes terapéuticas (Fig. 2), que demandam cada
vez mais de capacitagao técnica para a sua indicagdo e comercializagdo (PERRY et
al. 2002, GEARY et al. 2004. ). Esta demanda tem ressaltado a necessidade de
intervencdo técnica de médicos veterinarios (MCKELLAR & JACKSON, 2004,
SCHILLHORN VAN VEEN, 1999), seja para orientagdo e instrugcdo nos
estabelecimentos comerciais, como lojas agropecuarias, quanto em propriedades
rurais e empresas pecuarias para produtores rurais (WALLER, 2006), para as
diversas espécies animais (Fig.3).

Dentre as parasitoses que acometem os animais domésticos destinados a
produgcdo, as infestagbes por carrapatos e os agentes transmitidos por eles,
destacam-se como as mais importantes do ponto de vista econédmico, demandando
grandes esforgcos publicos oficiais e privados por parte de produtores rurais e

técnicos do setor agropecuario.

As infestagdes pelo carrapato dos bovinos, Rhipicephalus (Boophilus)
microplus e os agentes hematozoarios transmitidos por ele, compdem o chamado
complexo carrapato-tristeza parasitaria, que representa um dos maiores entraves

para o desenvolvimento da pecuaria bovina nacional.

Os carrapatos ocorrem naturalmente infestando rebanhos bovinos e sao
importantes ectoparasitos hematéfagos que causam danos aos seus hospedeiros
tanto pela acdo espoliadora e ingestdo de sangue quanto pela transmissdo de
agentes patogénicos, sendo também responsaveis por elevados gastos com
produtos carrapaticidas, mao-de-obra e equipamentos para o controle (CORDOVES,
1997). O carrapato Rhipicephalus (Boophilus) microplus é o principal agente
causador de infestagcbes por artropodes em bovinos e é responsavel por grandes
perdas econdémicas na pecuaria bovina. O carrapato € um acaro que causa Sérios
prejuizos econdmicos, como perdas na produgao de leite, carne e couro (KISS et al.,
2012; MARQUES et al., 2000). Além dos prejuizos econémicos diretos, o carrapato
também é vetor de Anaplasma spp e de Babesia spp., agentes etioldégicos da
Tristeza Parasitaria Bovina (GUGLIELMONE, 1995).

Biologicamente os carrapatos R. (B.) microplus, sdo monoxenos, ou seja,
desenvolvem todo o seu ciclo biolégico num unico hospedeiro, e compreendem uma

fase de vida livre e outra fase de vida parasitaria. A fase parasitaria tem inicio com a
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fixacdo das larvas infestantes no hospedeiro, que se transformardo em teledgenas,
as quais fazem postura no solo, fechando o ciclo. As tele6genas chegam a ingerir de
2 a 3 mL de sangue durante sua vida parasitaria e transformam cerca de 60% de
sua massa corporal em ovos, que em meédia, chegam a produzir em torno de 3.000
larvas. Um grama de ovos de R. (B.) microplus contém cerca de 20.000 ovos
(BARRIGA et al., 1995).

O uso de compostos quimicos sintéticos tem sido o principal meio no controle
de carrapatos. Apesar de sua significativa contribuicdo, o uso intensivo e
indiscriminado destes produtos favoreceu o surgimento da resisténcia a esses
farmacos e n&o conseguiu eliminar os problemas ja existentes. Além disso, s&o
altamente toxicos, sendo prejudiciais ao ambiente e a saude humana.

A resisténcia do R. (B.) microplus aos acaricidas frente aos farmacos e as
diferentes condigdes de manejo vém sendo pesquisadas. O quadro atual do controle
quimico do carrapato se caracteriza pelo aumento progressivo do numero de cepas
resistentes aos principais acaricidas utilizados e, consequentemente, por um
aumento na frequéncia da aplicacdo (FURLONG et al., 2007). Frente ao uso
indiscriminado desses farmacos, o controle biolégico com fungos torna-se uma
alternativa a ser empregada em formulagbes biolégicas para o controle dessas
infestagdes (GARCIA et al., 2011).

Dentre os controladores biolégicos tem sido relatados como muito importantes
0s proprios hospedeiros, por suas caracteristicas genéticas de resposta as
infestagdes, plantas, animais silvestres como aves, insetos, bactérias, protozoarios e
fungos. Os controladores biologicos a base de microorganismos que agem nas
formas de vida livre dos parasitas presentes no ambiente tém demonstrado
pontencial promissor (LEEMON et al., 2012). Quanto a essa forma de controle na
espécie do carrapato Rhipicephalus (Boophilus) microplus, ja foram estudadas no
Brasil algumas espécies de fungos, como o Metarhizium anisopliae, que foi avaliado
em laboratério por fungos nematofagos como Duddingtonia flagrans (BRAGA et al.,
2010; QUINELATO et al., 2012). Varios outros trabalhos promissores com relagéo
ao controle biolégico de carrapatos com fungos entomopatogénicos tem sido
descritos (FRAZZON et al., 2000; MARLON et al., 2006; REIS, 2008; BARCI et al.,
2009; CAMARGO et al., 2012; FERNANDES et al., 2012). Assim, o potencial de
efeito entomopatogénico de isolados fungicos sobre isolados de carrapatos regionais
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em diferentes fases de vida parasitaria e vida livre tem estimulado o

desenvolvimento do presente trabalho (SILVA et al., 2013, dados nao publicados).



2 OBJETIVOS

Demonstrar diferentes sistemas de controle de carrapatos e de agentes
hematozoarios transmitidos por eles que produzem impacto na pecuaria bovina, por
uso de drogas, caracteristicas genéticas de bovinos e efeitos entomopatogénico de

microrganismos fungicos.

2.10bjetivos especificos

1- Ensaio 1: Estudar o perfil de resisténcia aos carrapaticidas quimicos de
diversas populagdes de carrapatos R. (B.) microplus no Estado do Rio Grande do
Sul, submetidas a testes de laboratério;

2- Ensaio 2: Testar o uso de um protocolo quimioprofilatico no controle da
babesiose e anaplasmose subclinica no ganho de peso de terneiros desmamados;
3- Ensaio 3: Avaliar o efeito da resisténcia genética de bovinos com infestagdes
artificiais de carrapatos R. (B.) microplus;

4- Ensaio 4: Avaliar o efeito entomopatogénico de fungos sobre larvas de
carrapatos R. (B.) microplus.



3 ARTIGOS

3.1. Artigo 1

Controle Quimico de Carrapatos: Estudo prospectivo da distribuigao da
resisténcia quimica em populacdes de Rhipicephalus (Boophilus) microplus no
Rio Grande do Sul.

SILVA, S.S.; MARMITT, I.P.; CHAGAS, B.C.; NUNES, A.G.; NIEDERMEYER, F;
ARAUJO, F.B.; NIZOLI, L.; CORDOVES, C.O.; SILVA. E.F.; MEIRELES, M.C.

O artigo esta em fase de submisséo a Revista Science and Animal Health (UFPel)
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Controle Quimico de Carrapatos: Estudo prospectivo da distribuigao da
resisténcia quimica em populacdes de Rhipicephalus (Boophilus) microplus no
Rio Grande do Sul.

SILVA, S.S.; MARMITT, I.P.; CHAGAS, B.C.; NUNES, A.G.; NIEDERMEYER, F;
ARAUJO, F.B.; NIZOLI, L.; CORDOVES, C.O.; SILVA. E.F.; MEIRELES, M.C.

Introducgao

Na producado de bovinos, a necessidade de um aumento de produtividade, devido ao
menor volume de terras disponiveis para a atividade, ja é realidade ao redor de
quase todo o mundo. Buscando cumprir a necessidade de aumentar manter a
produtividade neste ramo de atividade, controlar as pragas e os entraves da
producdo sdo uma necessidade sempre em vigéncia. O carrapato Rhipicephalus
(Boophilus) microplus € um parasita de bovinos, que é prevalente em todos os
continentes ao longo dos trépicos (CORDOVES, 1997). Este parasita tém sido
descrito como o principal causador de prejuizos produtivos na bovinocultura
brasileira pela consideravel redu¢do na produgao de leite, redugdo na natalidade,
gastos elevados com carrapaticidas, perdas de peso, gastos com mao-de-obra
utilizada para o seu controle, e perdas na qualidade do couro (GOMES, 2004). Na
década anterior somente no Brasil o carrapato do boi causava prejuizos estimados
da ordem de US$ 2 bilhdes ao ano (GRISI et al., 2002).

O parasitismo pelo R. (B.) microplus pode causar danos no couro e miiases
(MARQUES et al., 2000), perda de peso e apatia, e anemia devido a espoliagado
sanguinea, e inclusive levar a morte. Além da espoliagdo sanguinea, o carrapato é
responsavel por transmitir agentes patogénicos causadores de doengas graves
como as babesias (DALGLIESH; STEWART, 1983) e Anaplasma marginale
(GUGLIELMONE, 1995; KESSLER, 2001), agentes etiologicos de uma sindrome
conhecida como Tristeza Parasitaria Bovina, que é grande causadora de mortes no
Brasil, especialmente nas regides onde a populagdo de carrapatos oscila durante o
ano (SACCO, 2002; SCHILD et al., 2008).

O controle do carrapato, realizado pelos produtores, € feito primariamente pela
utilizacado de carrapaticidas quimicos. Visando diminuir o uso de produtos quimicos
na producao tém sido estudados e também ja aplicadas na pratica, controle de
carrapato com estratégicas imunolégicas (CARREON et al., 2012; GARCIA-GARCIA
et al., 2000). Também tém se buscado melhorar a resposta do hospedeiro frente ao
parasito, com campanhas de melhoramento de racas frente ao parasitismo por
carrapatos (BIEGELMEYER et al.,, 2012). Utilizar estratégias ja presentes na
natureza, como o uso de predadores naturais do carrapato também sdo uma forma
de potencializar o controle do carrapato a nivel de campo. O uso de fungos com
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acao nematofagica tem sido discutido, estudado e aplicado na pecuaria bovina
(FERNANDES et al., 2012).

Os métodos alternativos de controle tém sido mais utilizados e estudados nesta
ultima década, devido ao crescente numero de relatos de populagdes resistentes
aos carrapaticidas quimicos (FURLONG et al., 2007). Nas décadas de 1960 e 1970
Gonzales (1973) e Laranja (1988) ja relatavam, no Rio Grande do Sul a resisténcia a
organofosforados e piretréides sintéticos, respectivamente. No Brasil, os
carrapaticidas injetaveis, lancados na década de 80, ja apresentavam resisténcia
desde a década de 90 (MARTINS; FURLONG, 2001). Os ultimos farmacos
carrapaticidas langados no mercado, como os principios a base de benzoilfeniluréia,
ja apresentam relatos de resisténcia, no estado do Rio Grande do Sul, pela primeira
vez no mundo (RECK et al., 2014).

Para adotar melhores medidas de controle, entender como funciona a resisténcia
aos carrapaticidas quimicos, e saber se a distribuicdo das populagcées com perfil de
resisténcia aos carrapaticidas quimicos esta disseminada, ou sdo somente casos
esparsos ao longo de diversas propriedades, € necessario a realizagado de estudos
regionais abrangentes.

Este trabalho teve por objetivo estudar o perfil de resisténcia aos carrapaticidas
quimicos de diversas populacdes de carrapatos no estado do Rio Grande do Sul,
submetidas a testes de laboratério, de 2012 a 2014.

Material e Métodos

Durante o periodo de janeiro de 2012 a maio de 2014, utilizaram-se as amostras de
carrapatos de bovinos, colhidas por veterinarios de campo e pesquisadores, que
foram submetidas para testes de sensibilidade a diferentes drogas. As amostras
foram remetidas ao Laboratério de Doengas Parasitarias (LADOPAR) da Faculdade
de Veterinaria da Universidade Federal de Pelotas (UFPel).

Para fins de comparacao e avaliacdo da resisténcia aos carrapaticidas de contato,
foram padronizadas para todas as populagdes analisadas, a realizagdo do teste com
0S mesmos grupamentos quimicos, principios ativos e nomes comerciais, que estéo
descritos na tabela 1. Todos os produtos utilizados foram testados segundo
dosagens e recomendagdes de bula dos fabricantes.
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Tabela 1. Relagcdo de grupos quimicos, principios ativos e nomes comerciais de
carrapaticidas utilizados nos testes de diagndstico de sensibilidade amostras de carrapatos
pela Técnica de Drummond et al.(1973).

Grupo Quimico

Principio Ativo

Nome Comercial

Formamidinas Amitraz Triatox
Formamidinas Amitraz Amipur
Formamidinas Amitraz Tac Plus
Piretréides Cipermetrina Sarcolin
Piretréides Deltametrina Butox
Organofosforados Diclorvés + Clorpirifés Ectofés
Organofosforados DDVP + Clorfenvinfés Carbeson
Piretréides + Organofosforados Cipermetrina + Clorpirifés + Colosso

Citronelal
Cipermetrina + Clorpirifés +
Citronelal + BPO
Cipermetrina + Clorpirifés

Piretréides + Organofosforados Cyperclor Plus

Piretréides + Organofosforados Ciclorfés

Todas as populagdes de carrapatos que chegavam ao laboratorio eram identificadas
segundo o seu municipio de origem, propriedade rural, historicos de dosificagdes
anti-helminticas e queixas de resisténcia aos principios ativos ja utilizados.

O ensaio de sensibilidade as drogas foi utilizado somente com as teledginas
ingurgitadas e vivas, para a realizagdo do teste de imersdo em carrapaticidas
preconizado por Drummond et al. (1973). Para fins de analise, os testes com
populag¢des de carrapatos com interferéncia nos grupos controle, onde a mortalidade
das teledginas aos 14 dias foi maior ou igual a 20%, foram descartados do estudo.
Considerou-se a populagdo com resisténcia ao grupamento quimico, aquela que
frente a pelo menos um dos produtos utilizados, apresentou eficacia menor de 70%.
Para considerar a populacdo com resisténcia multipla, estipulou-se que a mesma
deve apresentar perfil de indice de eficacia menor que 70% em pelo menos um
produto em cada grupo quimico, e em no minimo dois grupos quimicos testados.

Os resultados foram coletados, planilhados e organizados segundo as ferramentas
de estatistica descritiva do Software Statistix 9.0.

Resultados e Discussao

No periodo do estudo, o laboratério recebeu amostras de 74 populagdes de
carrapatos diferentes, utilizou-se para este estudo 55 populagdes de carrapatos,
representando 74,3% das amostras remetidas. As populacbes descartadas do
estudo foram principalmente devido a falhas na coleta e conservagdo da amostra,
numero insuficiente de teledginas e instares inadequados para o teste de imersao
(partendginas e ninfas). Isto sugere que mesmo entre os veterinarios e técnicos de
campo existem falhas no conhecimento de remessa de amostras, funcionamento do
teste de imerséo de teledginas e ou desconhecimento sobre os diferentes instares e
fases do ciclo do carrapato.
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As 55 populagdes testadas e utilizadas no estudo, foram provenientes de 21
diferentes municipios do estado do Rio grande do Sul, e 43 (78,2%) apresentaram
diferentes graus de resisténcia, a pelo menos um grupamento quimico. O numero de
testes realizados por municipio, € o percentual de testes que apresentaram
resisténcia a pelo menos um grupo quimico estdo evidenciados na Tabela 2.

Tabela 2. Total de populagbes de carrapatos testados pelo Teste de Drummond et al.(1973) por
municipio e a frequéncia das populagbes resistentes a pelo menos um grupo quimico, de 2012 a
2014.

Testes que apresentaram diferentes graus
de resisténcia

Acegua 3 100% (3/3)

Municipio Numero de Testes

Arroio Grande 3 100% (3/3)
Cagapava do Sul 2 100% (2/2)
Candiota 1 100% (1/1)
Cangugu 7 85,7% (6/7)
Capao do Leédo 2 100% (2/2)
Cerrito 1 0% (0/1)
Charqueadas 1 100% (1/1)
Cristal 1 100% (1/1)
Dom Pedrito 5 80,0% (4/5)
Herval 4 75,0% (3/4)
Jaguarao 1 0% (0/1)
Pedras Altas 4 75,0% (3/4)
Pedro Osorio 2 0% (0/2)
Pelotas 6 66,7% (4/6)
Pinheiro Machado 1 0% (0/1)
Piratini 5 80,0% (4/5)
Rio Grande 2 100% (2/2)
Rio Pardo 2 100% (2/2)
Sao Gabriel 1 100% (1/1)
Viadutos 1 100% (1/1)
Total 55 78,2% (43/55)

O grupo de carrapaticidas quimicos das formamidinas foi o que total e relativamente,
apresentou mais populagdes resistentes aos seus produtos testados, com 37
populagdes (67,3%) apresentando indices de eficacia carrapaticida indicativos de
resisténcia. Os Piretréides apresentaram 21 populag¢des com resisténcia (38,2%). As
associagdes de Piretroides com organofosforados apresentaram 12 populagdes com
resisténcia aos seus produtos testados (21,8%). Ja os Organofosforados
apresentaram o menor indice total e relativo de populacdes resistentes aos seus
produtos, com 11 casos (20%). Os indices de testes que apresentaram resisténcia a
cada grupamento quimico em cada municipio das amostras estudadas, estéo
descritos na tabela 3.
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Tabela 3. Relagdo das populagbes de carrapatos testados pelo Teste de Drummond et
al.(1973) por municipio e a frequéncia das populagdes resistentes para cada grupo quimico,
de 2012 a 2014.

Resist. Resist. Resist. Organofosf. Resist.

Municipio Testes Piretroides Organofosforados + Piret. Formamidinas
Acegua 3 0 (0/3) 0% (0/3) 0% (0/3) 100% (3/3)
Arroio
Grande 3 33,3% (1/3) 33,3% (1/3) 33,3% (1/3) 100% (3/3)
Cacapava
do Sul 2 100% (2/2) 0% (0/2) 50% 1 100% (2/2)
Candiota 0% (0/1) 0% (0/1) 0% (0/1) 100% (1/1)
Cangugu 7 42,9% (3/7) 0% (0/7) 28,6% (2/7) 57,1% (417)
Capao do
Ledo 2 100% (2/2) 50,0% (1/2) 50,0% (1/2) 50,0% (1/2)
Cerrito 1 0% (0/1) 0% (0/1) 0% (0/1) 0% (0/1)
Charquead
as 1 0% (0/1) 0% (0/1) 0% (0/1) 100% (1/1)
Cristal 1 100% (1/1) 100% (1/1) 0% (0/1) 100% (1/1)
Dom
Pedrito 40,0% (2/5) 40,0% (2/5) 20,0% (1/5) 80,0% (4/5)
Herval 50,0% (2/4) 0% (0/4) 0% (0/4) 75,0% (3/4)
Jaguarao 1 0% (0/1) 0% (0/1) 0% (0/1) 0% (0/1)
Pedras 50,0 %
Altas 4 (2/14) 50,0% (2/4) 25,0% (1/4) 50,0% (2/4)
Pedro
Osorio 0% (0/2) 0% (0/2) 0% (0/2) 0% (0/2)
Pelotas 16,7% (1/6) 16,7% (1/6) 33,3% (2/6) 50,0% (3/6)
Pinheiro
Machado 1 0% (0/1) 0% (0/1) 0% (0/1) 0% (0/1)
Piratini 5 40,0% (2/5) 40,0% (2/5) 40,0% (2/5) 80,0% (4/5)
Rio Grande 2 50,0% (1/2) 50,0% (1/2) 0% (0/2) 100% (2/2)
Rio Pardo 2 50,0% (1/2) 0% (0/2) 50,0% (1/2) 100% (2/2)
Séo
Gabriel 1 0% (0/1) 0% (0/1) 0% (0/1) 100% (1/1)
Viadutos 1 100% (1/1) 0% (0/1) 0% (0/1) 0% (0/1)

55 38,2% 20,0% 21,8% 67,3%
Total (21/55) (11/55) (12/55) (37/55)

As populagdes testadas, que apresentaram resisténcia a mais de um grupo quimico
(resisténcia multipla) ultrapassaram os 40%. O numero de populagbes com
resisténcia multipla por municipio, e a frequéncia desta ocorréncia, estdo descritos
na Tabela 4.
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Tabela 4. Total de populagdes de carrapatos testados pelo Teste de
Drummond et al.(1973) por municipio e a frequéncia das populagdes
resistentes com resisténcia miultipla no RS, de 2012 a 2014.

Municipio Testes Resisténcia Multipla
Acegua 3 0% (0/3)
Arroio Grande 3 66,7% (2/3)
Cagapava do Sul 2 100% (2/2)
Candiota 1 0% (0/1)
Cangugu 7 42,9% (3/7)
Capao do Leéo 2 100% (2/2)
Cerrito 1 0% (0/1)
Charqueadas 1 0% (0/1)
Cristal 1 100% (1/1)
Dom Pedrito 5 60,0% (3/5)
Herval 4 50,0% (2/4)
Jaguarao 1 0% (0/1)
Pedras Altas 4 25,0% (1/4)
Pedro Osorio 2 0% (0/2)
Pelotas 6 50,0% (3/6)
Pinheiro Machado 1 0% (0/1)
Piratini 5 40,0% (2/5)
Rio Grande 2 50,0% (1/2)
Rio Pardo 2 50,0% (1/2)
Sao Gabriel 1 0% (0/1)
Viadutos 1 0% (0/1
Total 55 41,8% (23/55)
Conclusao

Mais de 70% das populagdes testadas apresentaram resisténcia a pelo menos um
grupo quimico, enquanto que 41,8% apresentaram resisténcia multipla. A resisténcia
as drogas carrapaticidas apresenta ampla distribuigdo no Rio Grande do Sul, com
alto grau de risco de dispersdo pelo crescente transito legal entre propriedades de
produgao pecuaria.
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Avaliagao de diferentes protocolos de quimioprofilaxia da Tristeza Parasitaria Bovina

sobre o ganho de peso de novilhos.

Assessing different chemoprophylactic protocols against bovine tick-borne diseases and their
influence on the weight gain of calves
Resumo
No presente estudo foram utilizados novilhos da raga Aberdeen Angus remanescentes de um de surto de
babesiose e anaplasmose, expostos a infestagdes por carrapatos Rhipicephalus (Boophilus) microplus. No dia
zero, o lote de 87 novilhos pesando em média 223,46 Kg, apresentava GMD de peso vivo de 0,258 Kg por dia
nos ultimos 34 dias. O lote foi dividido em 3 grupos: G1, 37 novilhos com GMD abaixo da média; G2, 35
novilhos com GMD abaixo da média; G3, 15 novilhos com GMD acima da média geral do lote. Os novilhos do
G1 foram submetidos a quimioprofilaxia com uso de 1,17 mg Kg™' de diaceturato de diminazeno e 6,7 mg Kg™'
de oxitetraciclina. Os novilhos do G2 foram submetidos 4 quimioprofilaxia com o uso de 1,2 mg Kg™' de
dipropionato de imidocarb. Os animais do G3 ndo foram medicados. O G1 obteve o melhor desempenho de
ganho de peso no periodo (0,613 Kg dia™) (P<0,05) e ndo apresentou nenhum caso clinico da doenga durante o
experimento. O protocolo quimioprofilatico do G2 teve desempenho mediano, sem diferenca dos demais grupos
(0,528 Kg dia') e o G3 teve o pior desempenho (0,343 Kg dia™), porém ocorreram 2 quadros clinicos de
anaplasmose no final do experimento no G2. Na comparac¢do do desempenho no ganho de peso total por animal
no periodo, o G3 (Controle) obteve 11,667 Kg, O G2 obteve 17,957 Kg e o G1 obteve 20,851 Kg. O protocolo
quimioprofilatico a base de diaceturato de diminazeno e oxitetraciclina demonstrou-se uma ferramenta
importante para aplacar os efeitos deletérios da TPB subclinica no periodo p6s desmame, podendo ser
recomendada como ferramenta de melhoria de desempenho em categorias jovens de bovinos destinados ao abate

precoce.

Palavras-chave: Anaplasma marginale; Babesia spp; bovinos; ganho de peso; quimioprofiaxia

Abstract
In the present study, 87 Aberdeen Angus calves were used to assess the effects of low dose, agent-specific drugs
on weight gain after a babesiosis and anaplasmosis outbreak. All animals were weighed on weaning (day -34)
and again on day zero, with a mean (on day zero) of 223.46 Kg and an average individual daily weight gain
(ADG) of 0.258 Kg. The animals were then separated in three groups: G1 was composed of 37 calves with
below average ADG; G2 was composed of 35 animals with below average ADG; and G3 was composed of 15
animals with above average ADG. On day zero animals in G1 were treated with 1.17 mg Kg' of diminazene
diaceturate and 6.7 mg Kg' of oxytetracycline; those in G2 were treated with 1.2 mg Kg' of imidocarb
dipropionate; and those in G3 were not treated. The animals were then monitored daily for the onset of disease,
and on days 15 and 34 they were weighed and had their blood harvested. Animals in G1 had the better overall
ADG (0.613 Kg day'l) (P<0.05), with no clinical cases during the experiment. The performance in G2 was
moderate, not differing from either G1 or G3 (mean ADG = 0.528 Kg day), however, this group had two
clinical cases of anaplasmosis during the experiment. Animals in G3 had the worst performance, considering

ADG (0.343 Kg day™"). When total weight gain per animal is compared for the study period (35 days), those in



32

G1 gained an average of 20.851 Kg, followed by animals in G2 with 17.957 Kg, and then animals in G3 with
11.667 Kg. These results show that a low dose, agent specific (G1) drug protocol will considerably reduce the
detrimental effects of subclinical tick borne diseases in the post weaning period and can be recommended as a
rearing tool for calves destined for early slaughter.

Key-words: Anaplasma marginale; Babesia spp.; cattle; chemoprophylaxis; weight gain

Introduction

Tick borne diseases (TBD) caused by hemoparasites (Babesia bigemina and/or Babesia bovis), and
bacteria (Anaplasma marginale), are responsible for the most prevalent and economically important livestock
disecase of all tick-borne ailments (SUAREZ; NOH, 2011). Babesiosis, is usually transmitted by the
Rhipicephalus (Boophilus) microplus tick (DALGLIESH; STEWART, 1983), while Anaplasmosis can also be
transmitted by blood sucking flies (GUGLIELMONE, 1995; KESSLER, 2001).

Favorable climate conditions are required for the development of the tick vector, and enzootic
instability will occur when populations fluctuate throughout the year. Some Brazilian regions are considered
unstable, specifically the southern part of Rio Grande do Sul (RS), the southernmost state in Brazil. In winter,
low temperatures and frequent frosts kill most tick larvae, reducing cattle infestation. Dry, hot summers will also
hamper the tick’s development cycle. Cattle born in these regions may not be exposed to the vector or TBD
agents, resulting in a lack of immunity. Osaki et al. (2002) showed that passive immunity will wane in time, and
be at its lowest when the calves reach five months of age. This effect increases the chances of subclinical
outbreaks once tick population increase. Calves will suffer with low PCV and reduced weight gain, without
necessarily showing significant signs that would trigger veterinary intervention (NIZOLI et al., 2012).

Conventional treatment, according to Vial and Gorenflot (2006), is 3.5 mg Kg'1 diminazene diaceturate
for babesiosis. Anaplasmosis can be treated with 20 mg Kg™' of long-acting oxytetracycline (FACURY-FILHO
et al. 2012). Double effect drugs, such as imidocarb dipropionate can also be used in doses from 1 to 3 mg Kg™
(VIAL; GORENFLOT 2006). In clinical cases of anaplasmosis, even after treatment, animals will become
chronic carriers of the agent, and at greater risk of reoccurrence (FELSHEM et al., 2010). In 2012, Nizoli et al.
showed that reduced doses of an association of oxytetracycline and diminazene diaceturate were able to
minimize the production losses associated with subclinical TBD. However, these authors did not assess the use
of double effect drugs for the same outcome.

The present study assesses the use of an association protocol (oxytetracycline and diminazene
diaceturate) and single drug protocol (imidocarb dipropionate) on subclinical babesiosis and anaplasmosis,

especially on the weight gain of recently weaned calves, in an enzootic instable environment.

Material and Methods

In this study, 87 recently weaned calves (from a group of 297) were identified with unique earrings and
ear tattoos. All calves, predominantly of the Angus breed, were kept under field conditions, grazing freely with
no additional feed but mineral salt (ad libitum). Ages ranged from six to nine months, with an average weight of
223.46 Kg (£ 43.12). The assay was conducted during a period of varying tick infestations, from April to June
2012, representing an environment for natural TBD challenge. The study was conducted in a rural setting in the

municipality of Capao do Ledo, RS, Brazil (31° 53’S and 52° 38°W)
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All the animals were weighed on an electronic scale (Tru-Test XR3000®) on days -34 and zero, and the
average daily weight gain (ADG) prior to the start of the experiment was assessed. The overall average was
0.258 Kg a day. After the second weighing (day zero), those animals with an ADG below the mean were
separated to compose the treated groups: G1 (n=37) and G2 (n=35). Among those with above average ADG, 15
were chosen for the mock treated control group: G3.

On day zero, animals in G1 were treated with a deep intra-muscular (IM) injection of diminazene
diaceturate (1.17 mg Kg™) and oxytetracycline (6.7 mg Kg™), using one third of the recommended treatment
dose, as described by Nizoli et al. (2012). Animals in G2 were treated with an IM injection of imidocarb
dipropionate (1.2 mg Kg'l) as recommended for prophylactic purposes (VIAL; GORENFLOT, 2006). Animals
in G3 were mock treated with IM sterile saline.

Faeces were collected from all animals in day zero to assess gastrointestinal parasite burdens through
the modified Gordon & Whitlock method (UENO; GONCALVES 1998). This was used as an internal control to
discard the possibility of interference from gastrointestinal parasites in the assessed parameters. Nonetheless, all
animals were treated with 34% nitroxynil (1 mL SOKg'l).

The calves in all three groups were maintained under field conditions with ad [libitum mineral
supplementation, separated from other animals, and submitted to daily inspections regarding general health and
tick infestations. Commercial products used in this study were: Imizol®' (imidocarb dipropionate at 120 mg mL"
"; Pirofort® (diminazene diaceturate at 70 mg mL™"); and Ourotetra Plus LA®® (oxytetracycline at 200 mg mL™'
and diclofenac sodium at 10 mg mL™).

Blood samples were harvested, with and without anticoagulant, on days zero, 15, and 34. The samples
were maintained in isothermal boxes, and immediately sent for downstream processing in the Laboratério de
Doengas Parasitarias (LADOPAR) of the Faculdade de Veterinaria —UFPel. Blood samples were used to assess
packed cell volume (PCV). Samples with PCVs lower than 25% were also used to produce stained smears in
order to assess Babesia and Anaplasma burdens. Sera were separated and used in an indirect
immunofluorescence assay against B. bovis, B. bigemina (VIDOTTO et al., 1997), and 4. marginale MARANA
et al., 2006).

All results were analyzed in the Statistix 9 software. The ADG were compared using the Kruskal-Wallis
test. PCV were compared using ANOVA followed by the Tukey test. The correlation between PCV and ADG
was assessed through the Spearman test.

Results

Serology revealed that 55% of the animals in the study population were positive for 4. marginale, 45.9
% for B. bigemina, and 4 % for B. bovis, by the end of the assay. Between days zero and 34, 15 animals
seroconverted for A. marginale, and nine for B. bigemna. This seroconversion was not associated with treatment
(P>0.05), occurring in all three groups. During the routine inspections, young tick instars were observed in
calves from all groups, confirming the risk of infection/reinfection. Likewise, gastro-intestinal parasite
infestations were relatively low (mean EPG; Gl= 150 = 199; G2= 206 + 281; G3 = 167 £ 216), with no
difference among groups (P>0.05).

' MSD Satde Animal.
2 Qurofino Satde animal.
® Ourofino Satde animal.
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The ADG, calculated through the weighing of the animals on days zero, 15, and 34, are expressed on
table 1. In the assessment considering the difference from day -34 to zero, the ADG of G3 was higher than that
of the other groups, as predicted by the proposed methodology. Between days zero and 15, G1 had the grater
ADG (p<0.05). No difference was observed among G2 and G3 in these first 15 days. Likewise, G1 was the only
group that did not register a reduction in ADG in this period. Between days 15 and 34, there was no difference in
weight gain among groups. The complete ADG data can be observed in table 1. Considering the total gain in the
study period (from day zero to 34), G1 had a greater ADG than the control, but no other differences were
observed. Further data regarding the total gain during the study period can be seen on table 2.

The PCV did not seem to be associated with the ADG in this assay, and remained within limits
considered normal throughout the study in all animals (except the two animals in G2 that became clinically ill).
These two animals had PCVs of 20 and 18%, and characteristic signs of anaplasmosis, which was confirmed by
the stained blood smears. Cell infection rates of 40% were observed in both cases, confirming the clinical disease

caused by Anaplasma marginale. Complete results regarding the PCV can be seen on table 3.

Discussion

The results generated in the present study suggest that a combination of diminazene diaceturate and
oxytetracycline, at 1.17 and 6.7 mg.Kg", respectively, can be used to minimize the losses associated with
subclinical babesiosis and/or anaplasmosis, during and after weaning. Furthermore, this association seems to
have a better effect than dual purpose drugs (imidocarb dipropionate) during this high risk period. Losses
associated with subclinical TBDs are difficult to assess, however, some authors suggest that, in the area of this
study alone, they may reach up to 1,623,000 dollars in deaths, not considering weight loss, medical care, and
other possible expenses (ALMEIDA et al., 2006). Grisi et al. (2002) estimate that the disease causes over 500
milion in losses each year, just in Brazil. In our study the difference in weight gain throughout was of 270 g a
day in favor of those treated with the combination (613 g.day™') compared to those untreated (343 g.day™) (Table
2). This difference represents a total of 9.18 Kg during the 34 days of the study, when a new application of the
drugs would be recommended in order to maintain the prophylactic effects (NIZOLI et al., 2012). Considering
the better weight gain of the control group prior to the star of the study (from day -34 to day zero), the productive
and economic gains may be even larger, and randomized studies should be conducted to confirm this. Likewise,
when animals treated with the combination are compared to those treated with a dual purpose drug (528 g.day™),
the difference is of 85 g.day™ per animal in favor of the prior.

In a previous study, Nizoli et al. (2012) showed a similar effect of the association of oxytetracyclin and
diminazene diaceturate, however, the experimental design did not allow the comparison of the treated groups and
the control, only the recovery of treated animals. Furthermore, that study did not assess intermediate dates or
dual purpose drugs, PCV, and seroconversion. In our study the fluctuation in weight gain, characteristic of
enzooticaly unstable settings, could be observed, evidenced by the decrease of this parameter by day 15 in
groups G2 and G3.Iin G2, this may have occurred because imidocarb has a delayed effect on anaplasmosis.

The drugs used in this study are the most frequently applied by veterinarians in the treatment of bovine
babesiosis and anaplasmosis (KUTTLER, 1980; TODOROVIC et al., 1973; VIAL; GORENFLOT, 2006).
Nonetheless, some authors recommend the use of enrofloxacin for the treatment of anaplasmosis (FACURY-

FILHO et al., 2012), but this drug has shown little effect in several studies (ATIF et al., 2012; COETZEE et al.,
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2006). While in Brazil the recommended dose against anaplasmosis is up to 20 mg Kg' of long acting
oxytetracycline in a sigle application (FACURY-FILHO et al., 2012; SILVA et al., 2007), other countries use the
drug in doses as low as 7 mg Kg' (ORTIZ et al., 2012). In this light, we believe that not only subclinical, but
even mild cases of anaplosmosis could be treated with the dose used in this study (6.7 mg Kg), allowing full
productive recuperation. Even if used in high doses, oxytetracycline and imidocarb diaceturate rarely eliminate
Anaplasma completely, and cattle, once infected, will become lifelong carriers (COETZEE et al., 2005, 2006).
Therefore, the use of high doses is not justified for prophylactic purposes.

Although the PCV did vary during this study, with significant differences among groups (Table 3), the
mean values remained above 32% throughout, regardless of ADG or serological status, and these parameters
were not correlated. The only exceptions were the two animals that suffered clinical anaplasmosis, with PCV
counts of 20 and 18% on day 34 (both from G2). These results show that sublinical bovine babesiosis and
anaplasmosis does not seem to have a significant effect on PCV, contrary to its considerable impact on
productive parameters (NIZOLI et al., 2012).

The results obtained in this study confirm the enzootic instability of the region, as predicted by
Guglielmone (1995). Another assay with cattle herds from the same region, with latitudes close to 32°S, had also
indicated the risk of outbreaks due to these factors (MARTINS et al., 1994).

The seroconversion of some animals, associated with the presence of young tick instars (larvae and
nymphs) during inspection, suggest the transmission of TBDs in the herd during the experimental period, with
no clinical cases in G1, indicating the advantage of the drug association in these settings. Animals that were
positive to one or more TBD agents at the start of the experiment had a better outcome in the treated groups,

reinforcing the potential of this rearing tool also in regions were the disease is endemic.

Conclusions

This study confirms the potential of prophylactic applications of diminazene diaceturate and
oxytetracycline in diminishing the deleterious effects of subclinical babesiosis and anaplamosis in recently
weaned calves. The association of these two agent specific drugs is more efficient than the use of a similar
protocol based on a dual purpose drug (imidocarb dipropionate), avoiding clinical cases of anaplasmosis for, at
least, 34 days. These results suggest that the chemoprophylactic protocol described herein should be adopted to

increase the productivity of calves destined for early slaughter.
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Table 1. Mean (+ Standard Deviation) ADG observed on days zero, 15, and 34, of calves treated with different
chemoprophylactic protocols against bovine TBDs in the municipality of Capdo do Ledo-RS

Group Day 0 Day 15 Day 34
G1 0.138+0.170 Kg cA 0.326 £ 0.418 Kg bA 0.814 + 0.334 Kg aA
G2 0.151 £ 0.156 Kg bA 0.070 £ 0.467 Kg bAB 0.849 £ 0.375 Kg aA
G3 0.807 + 0.132 Kg aB -0.190 £ 0.418 Kg bB 0.717 £ 0.598 Kg aA

Different upper case letters represent statistically different results on the column; Kruskal-Wallis (p<0.05);
Different lower case letters represent difference on the line; Tukey (p<0.05).
G1- diminazene diaceturate and oxytetracycline; G2 — imidocarb dipropionate; G3 - Control
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Table 2. Mean ADG for the entire experimental period, of calves treated with different chemoprophylactic
protocols against bovine TBDs in the municipality of Capdo do Ledo-RS

Group ADG Lowest ADG Highest ADG Mean. 1nd1v1flual
weight gain
G1 0.613 +0.260 Kg A 0.118 Kg 1.221 Kg 20.851 Kg A
G2 0.528 £ 0.209 Kg AB -0.029 Kg 0912 Kg 17.957 Kg AB
G3 0.343 £ 0.309 Kg B - 0.088 Kg 0.853 Kg 11.667 Kg B

Different letters represent statistically different results on the column; Kruskal-Wallis (p<0.05).
G1- diminazene diaceturate and oxytetracycline; G2 — imidocarb dipropionate; G3 - Control
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Table 3. Mean (+ Standard Deviation) PCV observed on days zero, 15, and 34, of calves treated with different
chemoprophylactic protocols against bovine TBDs in the municipality of Capao do Ledo-RS

Group Day 0 Day 15 Day 34
G1 34.67 +5.16 aAB 35.67+3.23 aA 35.53 £2.46 aA
G2 33.39+5.25bB 35.67+2091 aA 32.45+2.48 bB
G3 37.13+4.12 aA 32.60 + 2.95 bB 35.46 + 3.11abA

Different upper case letters represent statistically different results on the column; lower case represent difference
on the line; Kruskal-Wallis (p<0.05).
G1- diminazene diaceturate and oxytetracycline; G2 — imidocarb dipropionate; G3 — Control
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Abstract

This study aimed to verify the influence of bovine genetic tick resistance on biological traits
of Rhipicephalus (Boophilus) microplus. Tick samples were collected from Braford heifers,
20 genetically classified as tick-resistant and 20 as tick-susceptible, according to breeding
values for tick counts predicted after phenotypic and genetic evaluations. These 40 heifers
were exposed to four subsequent artificial infestations with 20,000 larvae. Resistant heifers
carried 18.3%, 9.5%, 9.0% and 14.4% of ticks carried by susceptible heifers after the four

infestations, respectively. Ticks engorged in the susceptible group showed higher posture
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weight (P < 0.05) and higher values of reproductive efficiency index (P < 0.0001) and
nutritional efficiency index (P < 0.0001) than ticks of resistant group. Tick initial weights
showed a directly relation with reproductive efficiency index in susceptible heifers (P < 0.05)
and a negative relation in resistant group (P < 0.05), suggesting a defense mechanism related
to the efficiency of ingested blood conversion to eggs in ticks engorged on resistant hosts.
Results showed that bovine genetic tick resistance, in addition to affecting the number of ticks
carried by animals, also affected the posture weights and reproductive and nutritional
efficiency indexes of ticks. This suggests that the selection of resistant animals could be a
useful tool in the strategic tick control in production systems, reducing tick infestation levels
in bovines and environment. Understanding the genetic factors related to the phenotype
expression of susceptibility or resistance could accelerate the identification of resistant

genotypes.

Keywords: Braford; Cattle tick resistance; Initial weight; Posture weight; Reproductive

efficiency index; Nutritional efficiency index

1. Introduction

Among factors that affect cattle production efficiency in tropical and subtropical
countries, the animal adaptation to the environment is of essential importance. Parasite
infestation is one of the major environmental challenges to cattle in hot climate regions,
particularly the Rhipicephalus (Boophilus) microplus tick parasitism (Mendes et al., 2011).

Anaemia, bodyweight loss, decreased milk production, transmission of diseases and high
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costs of chemical control treatments are some of the losses caused by this parasitism
(Jongejan and Uilenberg, 2004; Jonsson, 2006). In conjunction with the ability of ticks to
develop acaricide resistance, this context has stimulated researchers to investigate alternative
tick control methods capable of being combined with the traditional use of chemicals to
increase the efficiency of R. (B.) microplus control in cattle production systems. Among these
alternatives, selection to increase the frequency of genes related to tick resistance in herds has
been indicated as a viable solution (Frisch et al., 2000). Genetic variability for tick counts
observed between animals of different breed compositions and within breeds indicates the
possibility of genetic gains through selection of animals evaluated and classified as

genetically resistant (Fraga et al., 2003; Henshall, 2004; Prayaga and Henshall, 2005).

Although the immunological mechanisms developed by bovines exposed to natural or
artificial infestations are not completely understood, differences in immune profiles and
variations in genes responsible for encoding cellular or humoral immune factors have been
reported and related to phenotypes of resistance and susceptibility (Acosta-Rodriguez et al.,

2005; Martinez et al., 2006; Piper et al., 2010; Porto Neto et al., 2013).

Besides direct killing or removing ticks of animal bodies, some authors reported that
cattle genetic resistance to R. (B.) microplus also affects biological traits of the parasite and
can reduce the viability of eggs, fertility rates, and cause premature detachment, resulting in
fewer ticks on the body of animals and in the environment (Wagland, 1975; Singh and

Girschick, 2003).

Investigating the effects of natural and acquired immune responses of Hereford cattle
exposed to artificial infestations on biological functions of R. (B.) microplus, Barriga et al.
(1993) reported that even within a group of apparently homogeneous individuals (same breed,

gender, age and management, for example), significant differences in the immune response
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can be observed between animals along the infestations, which, according to the authors, are
possibly related to genetic differences in the bovine expression of immune response against
parasitism. This study aimed to evaluate the effect of host genetic tick resistance on biological
traits of R. (B.) microplus ticks collected from artificially infested Braford heifers genetically

classified as tick-resistant and tick-susceptible.

2. Materials and methods

2. 1. Animals and determination of bovine genetic tick resistance

Classification of the bovines in this experiment as genetically tick-resistant or
genetically tick-susceptible was based on their breeding values (BV) for tick counts. The
(co)variance components necessary to calculate BV were calculate from data of 9,007
Hereford and Braford (Hereford x Zebu) bovines raised in extensive systems of farms located
in Southern Brazil and belonging to the Delta G Connection genetic improvement consortium
(Delta G Connection, 2007). The historical database maintained by GenSys Associated
Consultants contained counts of the number of ticks at inner hind legs region of 6,709
naturally infested bovines born between 2001 and 2008, with one count per animal. A second
database for the same population was created in partnership with Embrapa Southern Region
Animal Husbandry Center, and contained information from two or three subsequent tick
counts at the whole left side of 2,298 naturally infested bovines born in 2009, totaling 6,607

count records. The counts were performed in an extended yearling evaluation period, and the
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average age was 522 + 66 days. The pedigree information was composed by 17,252 records,

including base animals with unknown parents.

The two databases were jointly analyzed using a bivariate animal model (Henderson,
1984), which considered counts at inner hind legs region and at whole side as different by
genetically correlated traits, such that historical records contributed to breeding value
estimates of current animals. The statistical model considered the fixed effect of
contemporary groups (CG), which were defined combining animals from the same farm, sex,
year and season of birth, management, and date of tick count. The linear effects of breed
composition and heterozygosity and the linear and quadratic effects of animal age were
considered as covariates, and the additive genetic effects and residual were considered as
random. Contemporary groups with less than five individuals and animals that were 3.5
standard deviation above or below the mean tick count of their CG were excluded previously
from the analyzes. Tick counts were transformed by applying a base 10 logarithmic function
to the observed value + 1. Covariance components and breeding values were jointly estimated

using Bayesian inference through the INTERGEN software (Cardoso, 2010).

Based on obtained breeding values and tick count data, 22 heifers classified as
extremely resistant and 21 as extremely susceptible were selected from 974 Braford heifers
born in 2009, which had breed composition between 2 Hereford + 2 Zebu and % Hereford +
Y4 Zebu, and at least two successive tick counts. Heifers with BV among the lowest 10% (BV
< -0.08), average standard deviation (ASD) of counts in relation to their CG mean among the
lowest 10% (ASD < -1.28), and that were always at least 1.0 standard deviation below the
mean of their CG in each count were designated as "Resistant Group" (R). Heifers with BV
among the highest 10% (BV > 0.10), ASD among the highest 10% (ASD > 1.28), and always

1.0 standard deviation above the mean for their CG in each count were considered the
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"Susceptible Group" (S). For composition of the resistance groups, between the heifers that

met all the above criteria, were chosen those with three tick counts.

2. 2. Artificial infestations

Selected heifers were transferred from their original farms to Embrapa Southern
Region Animal Husbandry Center, in the city of Bagé, Rio Grande do Sul state, Brazil
(latitude 31°19°S, longitude 54°06"'W and 212 m altitude), where artificial infestations were
performed. Before the experiment, heifers were treated with a commercial amitraz acaricide
(Amipur®) and maintained in a tick-free pasture during three months before infestations. Until
the end of the experimental period, these animals did not receive any further acaricide
treatment. Artificial infestations used R. (B.) microplus larvae between 10 and 15 days old,
obtained from a strain susceptible to common acaricides, free of Babesia sp and Anaplasma
sp, maintained by Embrapa Ectoparasitology Laboratory. Aliquots of 1 g of eggs (about
20,000 larvae) were placed in syringes and incubated in a BOD (Biochemical Oxygen
Demand) at 27 = 1 °C and relative humidity at 80 + 10 % for larvae hatching (15 days). Four
successive artificial infestations were performed, at 14-day intervals, between February 9 and
March 23, 2011, by larvae distribution along bovine dorsal region. In the first and the third
infestation, heifers were treated with 1.2 mg.kg" imidocarb dipropionate (Imizol®) to prevent
possible cases of babesiosis and anaplasmosis by natural infestations from the experimental
pasture to which the animals were transferred after the first infestation. To monitor possible
environmental infestations, only 40 animals were artificially infested (20 classified as
genetically tick-resistant and 20 as genetically tick-susceptible), and three heifers (one from R

group and two from S group) were maintained in the experimental group without artificial
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infestations, as tracers of natural infestations. During the experiment, air temperature
averaging 21.2 °C, ranging from 8.9 °C to 32.2 °C, and relative air humidity averaging
72.4%, ranging from 25.5% to 97.5%. At the beginning of the infestations heifers weighed

370.1 + 44.6 kg.

2. 3. Tick collection

From the 19th through the 23rd day after each infestation, engorged tick females with
at least 4.5 mm of diameter were daily counted on the left side of each animal. Ticks were
manually collected in days of highest observed infestation (22nd day after the first infestation
and 21st day after the others). Sampled ticks were placed in individual identified containers
and submitted to Parasitic Diseases Laboratory of Pelotas Federal University, in the city of
Capao do Ledo, Rio Grande do Sul state, Brazil, to record tick initial weight, posture weight,

corpse weight, and calculate reproductive and nutritional efficiency indexes.

The engorged females were individually weighed, placed in petri dishes and incubated
at BOD at 27 = 1 °C and relative humidity at 80 + 10 % for oviposition. Due to high
infestation levels presented by tick-susceptible heifers, it was stipulated a maximum
evaluation of 10 ticks per animal. Therefore, the 10 ticks evaluated were randomly selected
from all ticks collected in each heifer, in each infestation. Fourteen days after tick incubation,
egg mass produced by each parasite was weighed. From the second tick collection, corpse
weights also were registered. Reproductive (REI) and nutritional (NEI) efficiency indexes

were determined according to Bennett (1974) using the following formulae: REI (%) = (PW x
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100)/IW and NEI (%) = (PW x 100)/(IW — CW), where IW = ticks initial weight, PW =

posture weight, and CW = corpse weight.

2. 4. Statistical analyses

Tick biological traits and count data were subjected to repeated measures analysis of
variance using the MIXED procedure of the SAS software (SAS Institute Inc., 2008). To

approximate the normal distribution assumption, REI and NEI data were transformed by

arcsine,/ %/100 and tick count data by log;o (count + 1). The statistical model used was:

Yie = u+ G+ T; + Hey + (GXT)y; + ey,

where Yj; - is tick count or biological traits of ticks obtained from the Ath heifer within the ith
resistance group and jth time of infestation; G; = tick-resistance group effect (R, S); 7; = time
of infestation effect (1, 2, 3, 4); Hy;) = heifer random effect within resistance group; (GxT1);; =

interaction between tick-resistance group and infestation time, and e;x = experimental error.

Means difference comparisons were based on Tukey-Krammer test (P < 0.05).
Spearman’s correlation coefficients were used to verify associations among tick biological
traits within genetic tick-resistance group, and between tick-resistance breeding values and
these characteristics. The relationship between IW and PW was further evaluated using linear

regression analysis. All the statistical analyses were performed using the SAS software.
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3. Results

3. 1. Breeding values and tick counts

Means and standard deviations of predicted breeding values (BV) for tick counts of
the 40 heifers selected and exposed to the artificial infestations were —0.170 + 0.07 for the 20
animals classified as genetically tick-resistant (R), and 0.178 + 0.05 for the 20 animals
classified as genetically tick-susceptible (S). Breeding values of the heifers selected but not
exposed to the artificial infestations were —0.181 and —0.177 in the two R heifers, and 0.149 in

the S heifer.

Untransformed tick count data means and standard errors registered in days of highest
infestation presented by the animals after each infestations (22nd day in first infestation and
21st day in others) are represented in Fig. 1. Tick resistance group showed a high effect (P <
0.0001) on the tick counts. From the first through fourth infestation resistant heifers showed,
respectively, 18.3%, 9.5%, 9.0% and 14.4% of the total ticks counted in susceptible heifers,
demonstrating the validity of genetic evaluations previously performed and used as criteria for

classification of animals according to their tick resistance.

Means (£ SE) of ticks presented by the three heifers not exposed to artificial
infestation were 6.67 = 3.38, 8.67 + 4.63 and 1.33 + 0.88 after the first, second and third
infestation, respectively. No ticks were observed in these heifers after the fourth infestation.
This indicates that the level of natural infestation from the pasture where animals were kept
after artificial infestations was very low, such that the number of ticks recorded in artificially

challenged heifers was not significantly influenced by possible natural infestations.
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3. 2. Ticks traits analyses

General means obtained for tick initial weight (IW), posture weight (PW), corpse
weight (CW), and reproductive (REI) and nutritional indexes (NEI) are presented in Table 1.
In order to facilitate the results interpretation, the REI and NEI means were back-transformed
for presentation. Considering the whole period of the experiment, the initial weight and
corpse weight of genetically resistant and susceptible bovines were similar (P > 0.05). The
lowest overall mean of PW (P < 0.05), REI (P < 0.0001) and NEI (P < 0.0001) were observed
in ticks engorged on resistant heifers. Regarding tick traits trajectory over four artificial
infestations, there was significant interaction between resistance group and time (P < 0.05)
only for PW (Fig. 2), REI (Fig. 3) and NEI (Fig. 4). In the third infestation, ticks of resistant
heifers showed lower REI (P < 0.0001) than did the ticks of susceptible heifers. In the fourth
infestation, ticks of S group showed also higher PW (P < 0.05) and NEI (P < 0.0001) mean
compared to ticks collected from R heifers. No differences were observed between IW and
CW means, comparing ticks of the same resistance group among the four infestations or

comparing ticks collected in the same infestation between the two resistance groups.

3. 3. Correlation analyses

Correlations obtained among tick traits were, in general of similar magnitude and
same direction for IW, CW and PW for both resistance groups (Table 2). Tick initial weight
was highly and positively associated with posture weight for susceptible and resistant heifers.

Corpse weights also presented strong positive correlation with IW in both groups. On the
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other hand, nutritional and reproduction efficiency indexes correlations were substantially
different between R and S heifers (Table 2). A weak and inverse relationship was registered
between IW and REI for the two groups, with positive correlation in susceptible heifers and
negative in resistant. No relationship was found between other weight traits and efficiency
indexes for tick obtained from R heifer, while IW, CW and PW were in positive association
with REI and NEI in the S group. Despite the positive correlations between IW and PW in
both resistance groups, PW regression slope on IW of ticks from R group heifers was of
smaller magnitude compared to that observed in ticks engorged on heifers from S group (Fig.
5). Tick count estimated breeding values of genetic tick-resistant heifers showed association

with REI (+ = 0.29; P < 0.01) and NEI (» = 0.46; P < 0.0001).

4. Discussion

This study evaluated tick counts and biological traits over four consecutive artificial
infestations of Braford heifers genetically classified as tick-resistant and tick-susceptible.
Development of tick-resistance over successive infestations was showed by Hewetson (1968),
in Sahiwal and Illawara Shorthorn cattle, and Wagland (1975), in Brahman and Shorthorn
cattle. These authors related tick initial weight decreased with resistance development by the
animals, but that was not observed in the present study, when working with not naive heifer.
However, the lower PW of ticks collected from R heifers in the fourth infestation (Fig. 2)
could be an indicative that genetic resistance provided better immune defense mechanisms to
maintain constant oviposition capacity of engorged tick females under successive artificial
challenges, while S heifer have depleted immune response and increased tick PW.

Considering the overall PW mean (Table 1) and that 1 g of R. (B.) microplus posture is about
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20 thousand eggs (Sutherst et al., 1978; Gonzales, 1993), ticks of S heifers produced 12%
more eggs than ticks of R heifers. Added to the fact that susceptible hosts carry a much larger
tick amount (Fig. 1), this indicates possible genetic resistance impact on decreasing field
infestation levels. Therefore, gradual elimination of individuals evaluated and classified as
genetically susceptible could be an alternative to reduce tick environment population (Sutherst
et al., 1979; Madalena et al., 1985), decreasing constant acaricide treatments and other

damages caused by parasitism.

Reproductive efficiency index (REI) estimates how much of ingested blood is
converted in eggs, and the nutritional efficiency index (NEI) evaluates how much of weight
loss (initial tick weight — corpse weight) was used to produce eggs. Smaller overall REI and
NEI means observed in this study for genetically tick-resistant group (Table 1) indicates that
ticks engorged on susceptible heifers transformed ingested blood to eggs more efficiently than
ticks from R group. This suggests that defense mechanisms presented in response to
infestations by resistant bovines, besides acting in early larval development reducing the
number of adult parasites, apparently also affect ticks physiological processes involved in

conversion of initial weight to eggs.

Despite strategies developed by ticks to evade host immune responses, presence of
functional IgG antibodies in the hemolymph of ticks for up to 48 h after detachment has been
reported (Vaz Jr. et al,, 1996). One of the tick mechanisms to modulate cattle humoral
immune responses is the expression of IgG binding proteins (IGBP) in the parasites salivary
glands. During hematophagism, these proteins appear to transport IgG antibodies produced by
the host from tick gut back into the bovine through their saliva (Wang and Nuttall, 1999;
Guderra et al., 2002). Differences in IGBP ability to bind to IgG allotypes and, consequently,
differences in parasite ability to modulate humoral immune system of B. indicus and B. taurus

cattle have been reported and related to resistance phenotypes (Carvalho et al., 2011). The fact
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that animals of different breed compositions and with different tick-resistance phenotypes
produced different antibodies in response to ticks challenges (Kashino et al., 2005) represents
another indication that among the genes related to tick-resistance are those encoding
immunoglobins. Variations in genes that encode surface proteins, which act as receptors on
antigen presenting cells to T lymphocytes, may also be related to greater or lesser tick-
susceptibility of cattle. Associations between tick-resistance and microsatellite markers in the
class II region of BoLA gene have been reported by several authors (Acosta-Rodriguez et al.,

2005; Martinez et al., 2006; Untalan et al., 2007).

High correlations between initial weight and weight of engorged females posture in
this study (Table 2) suggest that both traits were affected by similar host immunological
factors, agreeing with results presented by Barriga et al. (1995). Nearly complete association
(r = 0.97) between those traits in susceptible heifers indicates that egg masses produced by
ticks of this S group were almost entirely dependent on blood intake capacity of ticks during
their development on cattle. Although also positive and high, the correlation of 0.80 observed
in the R group indicates that a greater portion of the variation observed in PW was due to
factors other than IW, compared to S group. Similarly, the less expressive association
between corpse weight and initial weight of ticks observed in R group (0.62) compared to S
group (0.89) suggests a greater influence of other factors than initial weights on the corpse
weights of ticks engorged on genetically tick-resistant hosts. Positive correlations observed
between the breeding values for tick-resistance and REI and NEI reinforce the idea that
genetic evaluation and selection of animals classified as resistant may in the long term
influence not only the number of ticks that can develop on cattle, but also reduce parasite

dissemination ability in environment and infestation levels in the fields.

Smaller magnitude of correlation between IW and PW observed R group heifers

compared to S group and negative association between IW and REI of ticks from resistant
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cattle provide evidence to support our theory of an immunological mechanism developed by
R heifers that can disturb conversion of ingested blood to eggs mass. Cattle immune system
ability to develop defense mechanisms against ticks over subsequent parasite contact supports
the concept of an acquired resistance and the idea that bovines without a prior contact with
ticks are equally susceptible to infestations (Wagland, 1975). It is important to note that all
heifers used in this study already had previous contact with R. (B.) microplus before the
performed artificial infestations. Thereby, heifer responses to artificial challenges may have
been influenced by resistance mechanisms already developed or pre-stimulated in infestations
prior to the experimental period. This, however, has no significant impact on conclusions of
this work, since our objective was not to profile bovine immune response, but to verify if
genetic tick-resistance, determined by phenotypic evaluation and traditional tick count
breeding value prediction, would influence tick biological traits besides the number of ticks

carried by heifers.

In this study, genetic variability for tick-resistance observed in Braford heifers affected
not only the number of ticks carried by the animals, but also tick oviposition capacity and
nutritional and reproductive efficiency indexes. Thus, in addition to economic losses related
to reduced animal productive performance or to higher demand for treatments, keeping highly
tick-susceptible animals in the herds implies higher environmental infestation levels,
perpetuating high incidence of ticks in the farm. Genetic evaluation of livestock for tick-
resistance and inclusion of tick counts as selection criteria for more resistant animals in
breeding programs can be implemented as an auxiliary tool for strategic control of R. (B.)
microplus in production systems. Understanding immunological mechanisms responsible for
expression of resistant phenotypes could accelerate the identification of genetic factors
involved in this process. Such advances could enable genetic evaluations for tick-resistance

based on information gathered directly from genetic code of the animals, allowing to increase
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prediction accuracy, accelerate identification of superior genotypes, and avoid cattle exposure

to ticks required by current genetic evaluations methods.
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Least square (LS) means and 95% confidence interval (CI) of engorged tick biological traits

in genetically tick-resistant and tick-susceptible artificially infested Braford heifers

Trait Tick-Resistant Tick-Susceptible
N LS Mean 95% CI N LS Mean 95% CI
Initial weight (g) 0.204 0.186 — 0.202 0.190 —
138 510
0.222 0.214
Posture  weight 0.097"" 0.087 — 0.109* 0.102 —
132 483
(g) 0.107 0.116
Corpse  weight 0.044° 0.038 — 0.045° 0.041 —
121 377
(g) 0.050 0.049
REI (%) 4723 45.66 - 53.51° 52.43 -
132 483
48.80 54.58
NEI (%) 5433 51.49-— 66.43 64.51 —
120 376
57.17 68.34

P\ eans with different superscripts within a line differ ("P < 0.05, P < 0.001).

1Reproductive Efficiency Index.

*Nutritional Efficiency Index.
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Table 2

Correlation among engorged tick biological traits obtained from genetically tick-resistant (R)

and tick-susceptible (S) artificially infested Braford heifers

Initial Posture Corpse
Trait Group REI (%)
weight (g) weight (g) weight (g)
S 0.97%**
Posture weight (g)
R 0.80%***
S 0.89%** 0.85%**
Corpse weight (g)
R 0.62%* NS
S 0.32* 0.50%** 0.39%**
REI (%)’
R -0.46* NS NS
S 0.59%** 0.66*** 0.64*** 0.72%**
NEI (%)
R NS NS NS 0.81%***

*P <0.05; ** P<0.01; *** P <0.0001; NS = not significant.

1Reproductive Efficiency Index.

*Nutritional Efficiency Index.



64

180
w 160
S —S
N
w140
R
2
s 120 -
=
=
S 100
S *
= *
&0
*
60
40 R il
20 £ "o’
) t b
1 2 3 4
Infestation

Fig. 1. Mean (£ SE bars) tick count according to infestation and genetic tick-resistance
group. Asterisks indicate difference between resistant (R) and susceptible (S) heifers (P <

0.0001).
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Fig. 2. Effect of bovine genetic resistance on posture weight least square mean (+ SE) of ticks
registered in genetically tick-resistant (R) and tick-susceptible (S) Braford heifers over four
artificial infestations. Different small letters indicate difference (P < 0.05) within the same

tick resistance group between artificial infestations. Asterisks indicate difference between R

and S (*P <0.05).
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Fig. 3. Effect of bovine genetic resistance on reproductive efficiency index least square mean
(= SE) of ticks registered in genetically tick-resistant (R) and tick-susceptible (S) Braford
heifers over four artificial infestations. Different small letters indicate difference (P < 0.05)
within the same tick resistance group between artificial infestations. Asterisks indicate

difference between R and S (***P < 0.0001).
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Fig. 4. Effect of bovine genetic resistance on nutritional efficiency index least square mean (+
SE) of ticks registered in genetically tick-resistant (R) and tick-susceptible (S) Braford heifers
over four artificial infestations. Different small letters indicate difference (P < 0.05) within

the same tick resistance group between artificial infestations. Asterisks indicate difference

between R and S (***P < 0.0001).
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susceptible (S) and tick-resistant (R) Braford heifers.
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Avaliacio in vitro do efeito entomopatogénico de isolados flingicos sobre larvas de
carrapatos Rhipicephalus (Boophilus) microplus.

In vitro assessment of entomopathogenic effect of fungi isolates in Rhipicephalus
(Boophilus) microplus tick larvae.

Sergio Silva da Silva*’; Flavia Biasoli Aratijo’; Iuri Vladimir Pioly Marmitt'; Fabiane
Niedermeyer'; Renata Osério Faria’; Carlos Octavio Cordovés Cespedes’; Leandro
Quintana Nizoli'; Mario Carlos Aratijo Meireles’

Palavras-chave
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Abstract

Background: The tick Rhipicephalus (Boophilus) microplus is a bovine ectoparasite that
causes economic losses in herds of tropical and subtropical areas, due to the diseases it
transmits and to the parasitismo itself, which causes reductions in milk yield, calf production
and high costs to control the tick. The capacity of entomopathogenic fungi to control stored
grain pests, particularly Coleoptera, has been investigated in several studies in recent years.
Emphasis has been on evaluation of the species Beauveria bassiana and Metarhizium
anisopliae against pests of stored maize. Isolates often perform well in short-term laboratory
bioassays, causing high rates of mortality within 1-2 weeks, although there may be significant
variability in virulence and host specificity according to the origin and culture history of
individual isolates. The aim of this study was to demonstrate the in vitro entomopathogenic
effect of fungal isolates on larvae Rhipicephalus (Boophilus) microplus.
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Materials, Methods & Results: The experiment was conducted in the Laboratory of Parasitic
Diseases (LADOPAR), Faculty of Veterinary Medicine, Federal University of Pelotas. Were
cultured four different fungal isolates to infect larvae inside of disposable tips sterile,
including B. bassiana, Aspergillus sp, M. anisopliae. Each tip was adsorbed previously with
impregnation solution of 10° conidia. Live larvae were counted after 0, 7, 14 and 21 days after
incubation (DAI). Live and dead larvae were incubated directly on agar dextrose potato to
measure colony radial.

Discussion: B. bassiana isolates showed potential entomopathogenic effect producing nearly
100% mortality of tick larvae. There was reisolation from all isolates from live and dead
larvae in culture medium. B. bassiana demonstrated potential for use in biological control of
ticks.

Key words: entomopathogenic effect, fungi, larvae, tick, R.B. microplus.

Descritores: Efeito entomopatogénico, fungos, larvas, carrapato, R.B. microplus

Introduciao

O carrapato Rhipicephalus Boophilus microplus ¢ um ectoparasita dos bovinos que causa
perdas econdmicas em rebanhos de dreas tropicais e subtropicais, devido as doencas que
transmite e ao proprio parasitismo, o que provoca redu¢do na produgao de leite, produgdo de

bezerros e os altos custos para o controle do carrapato (de Castro and Newson, 1993).

Os métodos de controle das infestagdes por R. B. microplus sdo principalmente baseados no
uso de produtos quimicos. O uso incorreto desses produtos causam invariavelmente o
desenvolvimento de resisténcia dos carrapatos e a contaminagdo do ambiente e dos alimentos
com residuos. Assim, cada vez mais o controle microbiolégico tem aumentado e o uso de
fungos tem sido uma das estratégias mais atrativas para o controle bioldgico desses artropodes
(Whitten et al., 1991), considerando que estes entomopatdgenos sdo altamente especializados

em penetrar nos tegumentos (Alves, 1998).

A capacidade de fungos entomopatogénicos para o controle de pragas da agricultura e da
pecudria tem sido investigada em véarios estudos nos ultimos anos (Adane et al., 1996; Moino

et al, 1998; Bourassa et al., 2001; Kassa et al, 2002; Kaaya et al., 2002).

Uma grande énfase tem sido na avaliagcdo das espécies Beauveria bassiana e Metarhizium
anisopliae contra parasitos dos bovinos como o carrapato Rhipicephalus (Boophilus)

microplus (Frazzon et al., 2000). Em geral os isolados muitas vezes apresentam um bom
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desempenho em ensaios bioldgicos, em condigdes laboratoriais de curto prazo, produzindo
altas taxas de mortalidade dentro de 1 a 2 semanas, embora possa haver variabilidade
significativa na viruléncia e da especificidade do hospedeiro de acordo com a origem e

historia da cultura de isolados individuais (Bidochka et al.,1997; Cherry et al., 2005).

O M. anisopliae e B. bassiana sdo considerados fungos imperfeitos (Deuteromycotina:
Hyphomycetes). Sao fungos entomopatogénicos com uma das mais amplas faixas de
hospedeiros, tem sido dos primeiros reconhecidos como candidatos potenciais para o controle
biologico de pragas na agricultura, bem como apresentam ocorréncia comum podendo ser
facilmente isolados de amostras de solo e de artropodes (Almeida, et al., 2001; Murad, et al.,
2006). Fungos M. anisopliaie invadem ativamente através da cuticula do hospedeiro (Alves,
1998) por pressdo mecanica, devido a formagao do apressorio e de degradacao produzida pela
acdo sinérgica de enzimas hidroliticas como proteases, quitinases e lipases (St. Leger et al.,

1986; Pinto et al., 1997; Bittencourt et al., 1999).

Todos os fungos entomopatogénicos apresentam esporos infectivos, conidios, que germinam e
penetram na cuticula do seu hospedeiro (Hesketh et al., 2010). O processo de infec¢do dos
fungos entomopatogénicos ¢ iniciado pelos conidios, produzidos assexuadamente, que em
contato com a cuticula do hospedeiro suscetivel se fixam por interagdes hidrofobicas (Alves,
1998). A adesdo dos conidios depende da presenca de varias enzimas como proteases,
quitinases e esterases, que ocorrem na superficie dos conidios e que alteram a superficie do
tegumento do organismo alvo, favorecendo a germinagdo e a nutricdo do fungo (St Leger et
al, 1986). Apos a adesdo, ocorre a germinagdo dos conidios na superficie, sendo que nessa
fase o conidio forma um tubo germinativo que posteriormente se diferencia em apressorio
(Small et al., 2005). A fase de penetragdo envolve um processo fisico onde hd pressao
mecanica da hifa terminal pelo apressorio e grampo de penetracdo, € um processo quimico,
referente a producdo de enzimas hidroliticas, que degradam a cuticula do parasito (Clarkson et
al., 1996). Apds a penetracdo, o fungo se espalha pela hemocele (Flexner et al., 1996) e
produz quantidades significativas de compostos toxicos dentro do hospedeiro causando
paralisia e morte. A beauvericina, beauverolides, bacianolide e isarolides, foram isolados de
hospedeiros infectados por Beauveria bassiana (Hamill et al., 1969, Elsworth, 1977) e
destruxin e citocalasin foram isolados a partir de hospedeiros infectados por M. anisopliae
(Lubeck, 2008). Depois disso o fungo coloniza o corpo totalmente e esporula na sua

superficie, podendo subsequentemente infectar outros hospedeiros suscetiveis.
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A variabilidade genética dos isolados ja foi comprovada, principalmente, quanto aos padrdes
moleculares e patogenicidade a insetos e acaros pragas (Neves et al., 2000; Alves et al., 2001;
Murad, et al., 2008), constituindo-se desta maneira em reservatorios diversificados para
estudos visando a selecdo de materiais que apresentem caracteristicas adequadas para sua
utilizagdo em programas de controle bioldgico de pragas. A estratégia mais comum de uso de
fungos entomopatogénicos no controle de pragas ¢ a introdug¢do inundativa, na qual se
utilizam grandes quantidades do entomopatdégeno para uma répida supressdo da populacio

(Lacey et al., 2001).

O objetivo do presente trabalho foi demonstrar o efeito entomopatogénico in vitro de

coldnias fungicas autdctones sobre larvas de carrapatos Rhipicephalus (Boophilus) microplus.

Material e Métodos

O experimento foi realizado no Laboratdrio de Doencas Parasitarias (LADOPAR) e Centro de
Diagnostico e Pesquisa em Micologia Veterinaria (MICVET) da Faculdade de Veterinaria da
Universidade Federal de Pelotas. Foram cultivados quatro diferentes isolados de fungos, em
meio solido de cultura agar dextrose batata (PDA), para crescimento e quantificacdo de
indculos. Os isolados de fungos foram obtidos da Micoteca do Setor de Controle Bioloégico do
LADOPAR/MICVET obtidos por isolamento de amostras ambientais parasitando artropodes
mortos capturados em experimentos prévios. Os isolados identificados como Aspergillus sp
SCB06, Metarhizium anisopliae SCB09, Beauveria bassiana SCB12 e Beauveria bassiana
SCB17 foram padronizados em indculos de 10° unidades formadoras de colénia (UFC) por
mL de solugdo obtida a partir do ultimo repique, em 48 horas antes do uso no desafio contra

larvas de carrapatos.

Foram preparadas 60 ponteiras descartdveis de polietileno estéreis sem barreira (Diamont®
D1000), contendo uma forracao adaptada no interior com papel filtro absorvente (Whatmann
n°2). Cada ponteira foi adsorvida previamente com impregnacdo do papel de filtro com
solugio de 100 pL contendo 10° UFC de cada isolado fingico ou agua destilada estéril para
controle e vedadas com tecido de voal na base, fixado por borrachas odontologicas. O sistema
de adsor¢do de culturas fingicas em papel de filtro absorvente para a exposi¢ao de larvas para
desafio apresenta uma proposta diferente daquela de autores como Bahiense, et al.,(2006), que
tradicionalmente promovem imersdo das larvas em solu¢do liquida contendo fungo para

posteriormente promover a secagem em papel absorvente.
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As ponteiras foram separadas em 5 Grupos cada um com 12 ponteiras: Grupo 1 (Controle)
impregnadas com 4agua destilada estéril; Grupo 2 Aspergillus sp. SCB06; Grupo 3
Metarhizium anisopliae SCB09; Grupo 4 Beauveria bassiana SCB12 e Grupo 5 Beauveria
bassiana SCB17. Para cada ponteira foram aspiradas 200 larvas de carrapatos R. (B.)
microplus de 15 dias de vida, comprovadamente vivas moéveis do isolado RBm FVUFPel 02

mantido no laboratorio, utilizando-se uma bomba de vacuo a 200 mmHg (Motta et al., 2010).

Ap0s a aspiracao das larvas as ponteiras foram fechadas na ponta com parafilme, para evitar
fuga e foram mantidas em estufa até 21 dias em estufa B.O.D. a 28° C e umidade relativa do
ar superior a 80%. Um conjunto de trés ponteiras aleatorias de cada grupo foi removido da
estufa no dia 0, 7, 14 e 21 dias ap6s a incubagdo (DAI), abertas e foram contadas as larvas

vivas moveis por aspiragdo com a bomba de vacuo.

De cada conjunto de ponteiras 6 larvas vivas e 6 mortas foram selecionadas e semeadas em
meio de cultura s6lido agar Sabouraud dextrose para reisolamento dos fungos e demonstragao
do crescimento da coldnia apods desafio nas larvas. A partir da semeadura, o crescimento
radial da colonia (Lubeck et al., 2008) foi mensurado com paquimetro pelo diametro da
colonia durante trés dias ( 24, 48 e 72 horas). Para a realizacdo das semeaduras e das leituras,
foi utilizado um grid de 12 células de um cm?, aplicavel externamente sobre a placa de cultura
para localizacdo da posicao de cada um dos indculos. O tempo de interagcdo entre os isolados e
as larvas no interior das ponteiras no dia zero foi de 60 minutos, enquanto que para as demais

foide 7, 14 e 21 DAL
As placas de Petri contendo as culturas foram mantidas em estufa bacteriologica a 28°C.

Para analisar a correlagdo entre o indice de mortalidade de larvas e o crescimento radial das
coldnias fungicas reisoladas foi feito o Teste de correlagdo de Spearman utilizando o Software
Statistix V9.0. Os dados de taxa mortalidade em percentual foram transformados em
logaritmo (log ™) e realizada a Analise de Variancia (ANOVA) e comparagdo das médias

pelo teste de Tukey com 95% de Intervalo de Confianca utilizando o Software Statistix V9.0.



75

Resultados e Discussao

Durante o desafio promovido pelo tempo de exposi¢ao das colonias fingicas, houve ataue
fungico dos isolados pela reproducdo as custas dos substratos disponibilizados pelo contato
com as larvas de carrapatos. No caso de Aspergillus sp. € Metarhizium anisopliae houve
crescimento dos isolados, que foi comprovado pelo reisolamento em meio de cultura de agar
Sabouraud, crescente com o tempo de exposicao. No entanto ndo foi demonstrado o efeito
entomopatogénico descrito para outros fungos, ja que as mortalidades obtidas no 21 DAI
foram similares ao grupo controle, conforme tabela 1. No periodo inicial, 0 DAI o grupo
inoculado com Aspergillus sp. apresentou mortalidade superior aos grupos controle e
Metarhizium anisopliae. Provavelmente, este efeito seja devido as interagdes inespecificas,
produzidas pelo rdpido crescimento do isolado fungico, como caracteristica peculiar de
fungos ambientais, como Aspergillus sp. favorecida pela condicdo de temperatura, alta
umidade relativa do ar e substrato bioldgico. Miranda-Miranda et al., (2011) demonstraram
que o Aspergillus ¢ um dos contaminantes naturais de carrapatos, ¢ em algumas situagdes
pode ser causador de infeccdo letal pela produgdo de toxinas. No presente trabalho, ndo foram

caracterizadas toxinas produzidas pelos fungos em crescimento durante o ataque as larvas.

A andlise da mortalidade das larvas ap6s desafio pelos isolados dos fungos Beauveria
bassiana SCB12 e SCB 17 demonstraram efeito entomopatogénico. A mortalidade por estes
isolados nos intervalos de exposi¢do de 21 DAL foi superior aquela do grupo controle. Um dos
isolados teve mortalidade intermediaria quando comparada com o outro isolado de B.

bassiana SCB17 e o grupo controle no 7 DAI, conforme tabela 2.

Outros autores tém relatado a Beauveria sp. como um fungo candidato promissor para
estratégias de controle de carrapatos na forma livre como larvas, assim como em teledginas
ingurgitadas e desprendidas dos hospedeiros bovinos. Historicamente tem sido demonstrado
resultados que caracterizam diferencas no efeito entomopatogénico entre isolados de B.
bassiana diferengas no efeito entomopatogénico. Tem sido demonstrado que isolados de B.
bassiana apresentam maior efeito na mortalidade de teledginas de R. (B.) microplus do que M.

anisopliae, com resultados semelhantes para o efeito sobre larvas (Perinotto et al., 2012).

No presente trabalho, dentre os dois isolados testados, no 21 DAI ndo houve diferenca, no

entanto o isolado Beauveria bassiana SCB 12 foi mais precoce no efeito nocivo sobre as
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larvas do que Beauveria bassiana SCB 17, que retardou o seu efeito, equivalendo-se apenas a

partir do 14 DAL, descritos na tabela 2.

Quando analisados os efeitos entomopatogénicos dos diferentes isolados fingicos submetidos
a desafio sobre larvas, foram observados dois comportamentos, relacionados a eficiéncia no
controle de formas de vida livre de carrapatos. Se por um lado as mortalidades produzidas
pelos isolados de Aspergillus sp. SCB 02 e M. anisopliae SCB 09 tiveram comportamento
muito semelhante ao grupo controle (69,0%) no 21 DAI, as mortalidades produzidas pelos
isolados B. bassiana SCB 12 e SCB 17, estiveram muito préximas de 100% (95,2%),
mostrado na fig. 1. Estes resultados sdo encorajadores como candidatos promissores ao
desenvolvimento para aplicagdo em controle bioldgico do potencial bidtico de infestagdes de
carrapatos no campo. Os dados corroboram com as descricdes de Kaaya et al., (1996), que
reforcaram ha muito anos o potencial do controle bioldgico integrado ao uso de pesticidas

quimicos.

Em relacdo as caracteristicas da cultura pos-desafio sobre larvas de carrapatos e crescimento
fingico, foi possivel o reisolamento a partir de larvas atacadas vivas e mortas. Na mensuragao
do crescimento radial de coldnia in vitro foi detectado que houve variacao na velocidade e
intensidade de crescimento de acordo com o isolado. A variagao da velocidade de crescimento
foi descrita por Lubreck et al., (2008), naquele estudo os autores demonstraram variagdes de
crescimento radial entre diferentes isolados fungicos submetidos a diferentes condigdes de
temperatura de incubacdo. Comparativamente a maior precocidade e crescimento radial foi
obtida em Aspergillus sp. SCB 02 desde o zero at¢ o 21 DAI, enquanto que os demais

1solados tiveram desenvolvimento mais retardado como descrito na tabela 3.

Analisando os diferentes niveis de crescimento de colonia no 14 DAI, ficou demonstrado que
ndo houve correlagdo significativa (P>0,05) com as respectivas taxas de mortalidade. O

coeficiente de relagdo obtido foi de r=-0,2079.

Os achados demonstraram que o potencial de crescimento das colonias fungicas no
reisolamento em meio de cultura, ndo estdo relacionadas diretamente com o efeito
entomopatogénico sobre as larvas de carrapatos em condi¢des de laboratorio. Provavelmente
o potencial de crescimento no reisolamento possa estar associado com as caracteristicas de
ambiéncia nas condigdes experimentais, sem necessariamente ter relagdo com as

caracteristicas de entomopatogenicidade de cada isolado.
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Considerando o potencial efeito entomopatogénico dos isolados Beauveria bassiana SCB 12
e SCB 17 em condigdes de laboratério em temperatura e umidades constantes, ¢ possivel
especular sobre a necessidade de realizacdo de testes em condi¢cdes de campo com
temperaturas e umidade favoraveis. Para Monteiro, et al., (1998), mesmo sendo constatados
efeitos nitidos sobre os ovos e as larvas de vida livre, os resultados experimentais podem

sofrer derivagdes decorrentes das condi¢des ambientais no campo.

Segundo Kaaya et al., (2000), larvas de Rhipicephalus appendiculatus e Amblyomma
variegatum, apresentaram em suas pesquisas, 100% de mortalidade quando tratadas com 10’
conidios/mL de M. anisopliae e B. bassiana. Para Samish et al., (2001) quando larvas
ingurgitadas de R. sanguineus foram banhadas com suspensdo de esporos na concentragdo 1x
107 conidios/mL dos fungos B. bassiana, Paecilomyces fumosoreus ¢ Metarhizium flavoviride
apresentam mortalidade de 10 a 20% e quando tratadas com a mesma concentragdo com o

fungo M. anisopliae, observou-se mortalidade de 49,1 a 82,6%.

Os trabalhos de Bittencourt et al. (1995), demonstraram que houve aumento na mortalidade
de larvas de R. B. microplus devido a agdo do fungo B. bassiana enquanto que Paido et al.
(2001) observaram aumento da mortalidade de larvas proporcionalmente ao aumento das

concentragdes de esporos do fungo.

Para Butt et al., (2000), Wraight et al., (2001) a histdria da cultura ¢ um dos fatores que pode
influenciar na viruléncia dos fungos e que repetida em cultura in vitro pode causar atenuagao

de fungos patogénicos ou conduzir a diferencas de viruléncia entre os isolados.

Conclusoes

Dentre diferentes isolados autdctones testados pelo desafio contra larvas de carrapatos R.(B.)
microplus, somente os isolados de B. bassiana SCB12 e SCB17 apresentaram efeito
entomopatogénico significativo. Nao houve correlagdo significativa entre o diametro das
colonias fingicas reisoladas de carrapatos apds o desafio, com as taxas de mortalidade. Os
isolados fungicos de B. bassiana apresentaram graus de efeitos entomopatogénicos em
diferentes tempos de incubagdo durante o periodo de desafio, porém ao final de 21 DAI as
taxas de mortalidade foram equivalentes. Sugerem-se estudos de adaptacdo das tecnologias de
desafio para a demonstragdo de efeitos entomopatogénico para a selecao e uso de fungos com

potencial de controle de larvas de carrapatos, em condigdes de campo.
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Tabela 1. Analise da comparagdo da mortalidade de larvas de R. B. microplus entre os grupos
desafiados com Aspergillus sp SCB 02, Metarhizium anisopliae SCB 09 e controle com adgua

destilada estéril por diferentes periodos de incubagdo in vitro.

Grupo 0 DAI 7 DAI 14 DAI 21 DAI
15,2%+8,1 4.7%+12 %=+ 2%+2
Aspergillus sp SCB 02 AS, %%+£8, 1?; , 7% 7 25,54 37,8 27, %%0+28.5
Metarhizium anisopliae 7,3%+6,5 " 24,3%+22,1 60,5%+21,8 | 70,8%=%17,6
SCB09 A A A
Controle 0,7%+2,3 8 58,8+33,0 4

17,8%+10,7
A

71,8%+23,7
A

Letras diferentes na coluna indicam diferenca estatistica (P<0,05) pelo teste de Tukey com
Intervalo de Confianga de 95%.

Tabela 2. Andalise da comparagdo da mortalidade de larvas de R. B. microplus entre os grupos
desafiados com Beauveria bassiana SCB 12 e SCB 17 e controle com agua destilada estéril
por diferentes periodos de incubagao in vitro.

Grupo 0 DAI 7 DAI 14 DAI 21 DAI
Controle 0,7%+2,3 8% [17,8%+10,7% |588+33,0° 71,8%+23,7 B
Beauveria bassiana SCB | 253%+18,2 | 45,5%+332* |92,3+8,5* 95,7%+3,8
12 A

Beauveria bassiana SCB | 1,3%+2,5"% [ 39,5%+15,7*% | 91,7+5,7* 94,7%+5,5 4

17

Letras diferentes na coluna indicam diferenga estatistica (P<0,05) pelo teste de Tukey com
Intervalo de Confianga de 95%.
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Tabela 3. Andlise do crescimento radial em mm de reisolados fungicos oriundos de desafio
em larvas de R. B. microplus ap6s 72 horas em meio de cultura por diferentes periodos de

incubagao.
Grupo Diametro dia 0 | Diametro dia 7 | Diametro  dia | Mortalidade 14
14 DAI
Aspergillus sp 9,50£0,67A |9.83+072A | 9,58+ 124 A 55,50%
SCB 02 S T T o
B. bassiana SCB 791 £ 3,03 9,25+ 1,81
:l: ) 5 5 3 D) 0

- 0,00+ - B e AR 91,70%

ani : 250+1,24 +
M. anisopliae SCB 0.00+- B 50+ 1,24 C 7,25+2,30 60,50%
09 AB

. - 430+3,10B
lfzba”’“”“ SCB 0,00+ - B 30£3.10BC T 5 0010458 92,30%

Letras diferentes na coluna indicam diferenca estatistica (P<0,05) na andlise de varidancia e
comparagdo das médias pelo teste de Kruskal-Wallis com Intervalo de Confianga de 95%.
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Fig. 1. Andlise da comparacdo da mortalidade de larvas de R. B. microplus entre os grupos
desafiados com diferentes isolados flingicos e controle com dgua destilada estéril por
diferentes periodos de incubacao in vitro.




4 CONCLUSAO GERAL

A resisténcia as drogas carrapaticidas apresenta ampla e crescente distribuicdo
no Rio Grande do Sul, com alto grau de risco de dispersdo entre propriedades
pecuarias; a quimioprofilaxia para a tristeza parasitaria bovina, pode ser
recomendada como importante ferramenta de manejo para aceleragdo de
crescimento e acabamento de carcagas em bovinos super precoces destinados ao
abate; a resisténcia genética de bovinos € um importante fator para a redugédo das
infestacdes por carrapatos e pode ser utilizada como um dos critérios de selecido de
reprodutores destinados para a produgdo pecuaria em regides endémicas de
infestagbes por carrapatos; os fungos autoctones com efeito entomopatogénicos
como Beauveria bassiana representam importantes controladores de infestagdes por
carrapatos e devem ser melhor estudados para contribuicdo nas estratégias de
controle integrado. A integracdo de medidas de controle biolégico com
microorganismos entomopatogénicos com o controle genético visando a adequacgao
de perfis imunologicos dos reprodutores associados ao controle quimico vigiado e
monitorado devera ser reforgada com estratégia. O controle quimico de carrapatos
deve ser indicado nas propriedades rurais como ferramenta complementar e nao

prioritaria para contengéo das infestagdes por carrapatos nos rebanhos bovinos.
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