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RESUMO

Azevedo, Thais Premoli; Msc; Universidade Vila Velha — ES; novembro 2015;
Acdo de fungos nematéfago no controle bioldgico in vitro de carrapatos de

animais domésticos; Orientadora: Flaviana Lima Guiao Leite.

Rhipicephalus (Boophilus) microplus € um carrapato que parasita principalmente
bovinos, servindo de vetor para doencas como a babesiose e a anaplasmose
gue sao transmitidas através da hematofagia, levando a perdas econémicas
tanto pelo adoecimento dos animais quanto pela diminuicdo da producdo. O
aumento da resisténcia de carrapatos ao controle quimico, juntamente com o
risco de contaminacao ambiental e alimentar, tem aumentado o interesse do uso
de controle biol6gico para esses parasitos. Teledginas de R. microplus foram
coletadas de animais naturalmente infectados e divididas trés grupos tratamento,
sendo banhadas em cada grupo com 5000, 10000 e 15000 clamid6sporos, e um
grupo controle. O presente estudo teve como objetivo avaliar a acéo in vitro do
fungo nematéfago Pochonia chlamydosporia (VC4) em teledginas de R.
microplus. Foi observado que a VC4 é capaz de infectar o R. microplus nas
concentragbes de 5000,10000 e 15000 clamiddsporos, havendo diferenca
estatistica entre todos os grupos tratados quando comparados com o controle,
mas nao quando comparados entre si. Esses resultados demonstram a

possibilidade da VC4 ser usada como controle biolégico desses carrapatos.

Palavras-chave: bovinos, carrapato, controle bioldgico, fungos



ABSTRACT

Azevedo, Thais Premoli; Msc; Universidade Vila Velha — ES; novembro 2015;
Acdo de fungos nematéfago no controle bioldgico in vitro de carrapatos de

animais domésticos; Orientadora: Flaviana Lima Guido Leite.

Rhipicephalus (Boophilus) microplus is a tick that parasites mainly cattle and
serve as vector to many diseases including babesiosis and anaplasmosis that
are transmitted during hematophagous feeding, bringing economic losses due to
animal sickness and decrease in production. The arising of resistance to
substances used for chemical control, along with the risk of environmental and
food contamination by these chemicals, has raised interest in biological control
for ticks. Engorged females of R. microplus were collected from naturally infested
animals and divided into three treatment groups, which were bathed in solutions
containing 5000, 10000 and 15000 chlamydospores, and one treatment group.
The present study aimed to evaluate the in vitro effect of the nematophagous
fungus Pochonia chlamydosporia on R. microplus engorged females. It was
observed that P. chlamydosporia (VC4) was able to infect R. microplus ticks at
concentrations of 5000, 10000 and 15000 chlamydospores, having statistical
difference (p<0.05) between all treatment groups when compared to the control
group but not when compared among themselves. These results suggest the
possibility of VC4 to be used as a biological control for R. microplus ticks.

Key words: biological control, cattle, fungus, ticks
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1. REVISAO DE LITERATURA

1.1. Rhipicephalus (Boophilus) microplus

Os carrapatos pertencem a classe Arachnida, subclasse Acari, Ordem
Parasitiformes, Subordem Ixodida (Metastigmata) e dividido em duas familias,
a Ixodidae e Argasidae. Os carrapatos da familia Ixodidae sdo denominados
duros pois apresentam escudo quitinoso. Nesta familia os carrapatos podem
ter um, dois ou trés hospedeiros (TAYLOR et al., 2010) e séo vetores de varios
microrganismos causadores de doencas de ampla extensao global, e por isso,
de grande importancia econdmica (BITTENCOURT, 2000; TAYLOR et al.,
2010).

Dentro da familia Ixodidae, o Boophilus microplus, atualmente
Rhipicephalus (Boophilus) microplus (TAYLOR et al., 2010), parasita
principalmente bovideos, podendo eventualmente parasitar outros animais
como o cavalo, diversos animais de producdo, e animais selvagens como o
veado e o antilope (HOOGSTRAAL, 1956). Este carrapato pode ser
encontrado por toda América do Sul até o sul dos Estados Unidos, Australia,
Asia, Indias Ocidentais (TAYLOR et al., 2010) e no continente Africano
(HOOGSTRAAL, 1956). O R. microplus possui ciclo de vida mondxeno
(TAYLOR et al., 2010; MONTEIRO, 2011) dividido em fase parasitaria e fase
de vida livre (SANTOS & VOGEL,2012). A fase parasitaria tem duracéo de 21
a 22 dias (TAYLOR et al., 2010; MONTEIRO, 2011), iniciando ho momento
que a larva se fixa no hospedeiro (MORANDO & GELINSKI, 2010) e
finalizando no momento em que a teledgina (fémea ingurgitada) deixa o
hospedeiro para fazer a oviposi¢cdo no ambiente. J4 a fase de vida livre ocorre
no ambiente, e inclui desde a oviposicdo até a fixacdo da larva no hospedeiro
(TAYLOR et al., 2010).

O ciclo de vida se inicia com a eclosé&o do ovo no ambiente, que ocorre
de 14 a 146 dias, variando de acordo com temperatura e umidade
(MONTEIRO, 2011). Apés a eclosao, as larvas sédo exapodes (TAYLOR et al.,

2010) e pequenas, tendo 0,6mm de comprimento e 0,42mm de largura



(COOLEY, 1946). A fase larval dura do 4° ao 7° dia de infestacao se tornando
em seguida metalarvas, fase que dura do 5° ao 13° dia (GONZALES et al.,
1974).

As ninfas sdo maiores, tendo de 2,4 a 2,7mm de comprimento e 1,6 a
1,8mm de largura (COOLEY, 1946), sdo octbépodes e tem o corpo oval com
coloracdo que varia de castanha a azul-acinzentada e escudo laranja-
acastanhado (TAYLOR et al., 2010). O estagio de ninfa pode durar do 9° ao
16° de infestagéo se tornando em seguida metaninfas que se diferenciam em
machos e fémeas quando adultas (GONZALES et al., 1974).

Gonzales et al. (1974) descrevem que as metaninfas se diferenciam
em machos, chamados de neandros que estdo presentes entre 12° e 0 15°
dia de infestacdo, se tornando posteriormente gonandros, que permanecem
no hospedeiro até o 38° dia. JA4 para se tornarem fémeas, 0s mesmos
descrevem que ocorre a muda para nedginas que sdo observadas do 14° a
23°, para partendginas, observadas do 16° ao 34° dia, e para teledginas que
se desprendem do hospedeiro entre o 18° ao 35° dia. Uma vez no ambiente,
as teledginas iniciam a fase de pré-postura que dura até 3 dias, seguida da
fase de postura que pode variar de 5 a 10 dias (THOMPSON, 1976), quando
fazem a postura de 3000 a 4000 ovos. Ao fim da oviposicao as fémeas morrem
se tornando quendginas (MONTEIRO, 2011).

Os adultos possuem escudo quitinoso ndo ornamentado, corpo
variando de oval a retangular, com pernas de cor creme (TAYLOR et al.,
2010). A base do gnatossoma (ou capitulo) é curta, com formato hexagonal,
os olhos estdo presentes, os festbes ausentes (MONTEIRO, 2011) e os
espiraculos tem formato circular ou oval (TAYLOR et al., 2010). Os machos
sdo diferenciados das fémeas pois possuem suas placas adanais
desenvolvidas e prolongamento caudal (MONTEIRO, 2011). Outra diferenca
€ seu escudo, que se estende por toda cobertura dorsal, enquanto nas fémeas

esta localizado apenas atras do gnatossoma (TAYLOR et al., 2010).

O Rhipicephalus (Boophilus) microplus est4d associado a perdas
econbmicas na pecuaria bovina por ser um parasita hematéfago vetor de

varias doencas. Primeiramente, a picada do carrapato causa irritacdo local,



com regides hiperémicas e producéo de exsudato (GONZALES et al., 1974),
servindo como porta de entrada para infec¢cdes secundarias, formacéo de
miiases, e causando lesGes que diminuem a qualidade e valor do couro
(MONTEIRO, 2011). Além disso, ao se alimentar, cada fémea pode chegar a
sugar 1,5 ml de sangue, podendo desenvolver um quadro de anemia no
bovino, diminuindo a producédo de carne e leite (MONTEIRO, 2011). Ao se
alimentar, o R. microplus também pode servir de vetor e transmitir 0s
protozoarios Babesia bovis e Babesia bigemina e a reckéttsia Anaplasma
marginale (TAYLOR et al., 2010; MONTEIRO, 2011). Esses hemoparasitas
se multiplicam nas glandulas salivares dos carrapatos, sendo transmitidos
durante a hematofagia (KOCAN, 1995). A transmissao pode ocorrer em todos
0s estagios da vida do carrapato, pois esses microrganismos tem a
capacidade de atravessar a barreira transovariana, infectando as geracdes
seguintes (TAYLOR et al.,, 2010). Uma vez infectados, os hemoparasitas
podem permanecer no carrapato por longos periodos de tempo pois se tornam
dormentes enquanto seu hospedeiro, o carrapato, estd inativo. Sendo assim,
0s carrapatos portadores desses microrganismos se tornam reservatérios
dessas doencas no ambiente (KOCAN, 1995).

A babesiose bovina pode ser causada tanto pela Babesia bovis quanto
pela Babesia bigemina, sendo uma doenca endémica no Brasil (FERNANDES
et al., 2011). A B. bovis € a mais patogénica e virulenta das babésias, tendo
como sinais clinicos febre, anemia, depressao, hemoglobinuria e deposicéo
de heméacias nos pequenos capilares, que, quando no cérebro, resulta em
andxia e lesdo tecidual, causando incoordenacdo, agressao e convulsao,
sendo, nestes casos, fatal. A B. bigemina, por sua vez, € menos virulenta e
bovinos geralmente sao resistentes e ndo apresentam a doenca clinica, sendo
esta mais comum em animais mais velhos. (TAYLOR et al., 2010). Rios-Tobén
et al. (2014) descrevem a presenca de infeccdo de Babesia sp. em 89% dos
carrapatos analisados provenientes de fazendas na Colémbia, sendo 79%
infectados somente com B. bigemina e 10% com infeccdo mista de B.
bigemina e B. bovis. A Anaplasma marginale, por sua vez, causa anemia
aguda seguida de anemia hemolitica. Os bezerros com menos de um ano

normalmente apresentam sinais clinicos moderados, aumentando a sua



patogenia e viruléncia de acordo com que o animal envelhece. Os sinais
clinicos incluem depressao, fraqueza, dispnéia, desidratacdo, ruminacao
reduzida, ictericia, reducdo na producédo do leite, aborto e morte (TAYLOR et
al., 2010).

A diminuicdo da producédo (resultante da perda de peso, retardo no
crescimento e reducédo da producéo de leite) ocasionadas pelo parasitismo de
carrapatos, tem gerado perda econbmica perceptivel aos produtores
pecuarios, levando-os a implementar medidas de combate ao carrapato com
intuito de diminuir a carga parasitaria nos animais, aumentando assim sua
producado (Da ROCHA et al., 2011).

1.2. Controle quimico de carrapatos

Para o controle do R. microplus, os acaricidas quimicos tem sido o
principal método de escolha (OJEDA-CHI et al., 2010), porém, como 0
tratamento é, por muitas vezes, realizado pelos préprios produtores, sem
haver orientagdo médica-veterinaria (CAMILLO et al., 2009), o manejo
inadequado se torna um importante fator no desenvolvimento de resisténcia
parasitaria (SANTOS & VOGEL, 2012). Sendo assim, a grande importancia
econdmica do B. microplus (BORGES et al., 2007), juntamente com a
superpopulacéo de carrapatos (SANTOS & VOGEL, 2012) e a pressao de
selecdo (BORGES et al., 2007; SANTOS & VOGEL, 2012) por uso
indiscriminado de produtos quimicos, tem levado ao desenvolvimento de
carrapatos resistentes a essas drogas (OJEDA-CHI et al., 2010; CAMARGO
et al., 2012).

A resisténcia de carrapatos a carrapaticidas tem sido demonstrada
através de varios estudos. Castro-Janer et al. (2010) evidenciaram a
resisténcia do B. microplus ao fipronil em fazendas no Rio Grande do Sul,
Mato Grosso do Sul e Sdo Paulo que utilizavam esse principio ativo para o
controle de ectoparasitas. Por sua vez, Castro-Janer et al. (2011) constataram
a presenca larvas de B. microplus resistentes a ivermectina e ao fipronil

oriundos de fazendas do Uruguai. A resisténcia do B. microplus a piretréides



(deltametrina e cipermetrina) foi comprovada por Fernandes (2011) em
fazendas no estado de Goias em estudo com larvas desta espécie. Por fim,
Borges et al. (2007) também observaram resisténcia de carrapatos no estado
de Goids a deltametrina e a cipermetrina, mas dessa vez em larvas de
Rhipicephalus sanguineus, assim como larvas resistentes ao coumafés

(organofosforado).

Além do aparecimento de carrapatos resistentes, o uso de controle
guimico também tem como desvantagem o risco para a saude de humanos e
animais assim como a contaminagéo do meio ambiente. O uso de acaricidas
leva ao acumulo de residuos toxicos no leite e na carne bovina, levando a
contaminacédo do alimento e risco a saude publica (CASTRO-JANER et al.,
2010; OJEDA-CHI et al. 2010; CAMARGO et al., 2012), além de risco de
contaminagdo ambiental (CAMARGO et al., 2012). Além dos problemas ja
citados, a intoxicacdo animal (CASTRO-JANER et al., 2010) e o elevado custo
do controle quimico (MONTEIRO, 2011) tem levado ao aumento de interesse
e estudos sobre o controle biolégico como alternativa para o controle de
carrapatos (HAJEK & St. LEGER, 1994; GRONVOLD et al.,1996;
MONTEIRO, 2011; CAMARGO et al., 2012).

1.3. Controle biolégico de carrapatos

O controle biolégico constitui na utilizagdo de predadores naturais que
atacam os diferentes estagios de vida do organismo alvo para o controle
populacional de plantas e animais (GRONVOLD et al.,1996; PARRA et al.,
2002; MONTEIRO, 2011). Na atividade pecuaria o controle biolégico é
utilizado para manter endo e ectoparasitas em densidade aceitaveis, nao
causando danos clinicos aos animais nem perdas econémicas (GRONVOLD
et al.,1996).

Os fungos entomopatogénicos tém sido utilizados para o controle
biolégico de carrapatos (ANGELO et al., 2010; FERNANDES et al., 2012) pois
sdo capazes de penetrar a cuticula de insetos (HAJEK & St. LEGER, 1994,

MONTEIRO, 2011). A secrecdo de enzimas como a protease e a quitinase
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permite que o fungo transpasse a cuticula do carrapato e atinja seus 6rgaos
internos, levando-o a morte (MONTEIRO, 2011, FERNANDES et al., 2012).
Esta caracteristica os faz levar vantagem sob outros organismos antagonistas
que requerem a ingestdo do patdgeno, ja que a infeccdo por via oral em
artrépodes hematoéfagos é rara (HAJEK & St. LEGER, 1994, MONTEIRO,
2011)

As diferencas no ciclo de vida, hospedeiros e comportamento entre
espécies de carrapatos faz com que exista também variagdo na sua interacao
com diversas espécies de fungos, e consequentemente, na eficacia destes
em seu controle biolégico (FERNANDES et al., 2012), existindo a necessidade
de descobrir e desenvolver novos fungos para o controle bioldgico desses
parasitas (ANGELO et al., 2010; FERNANDES et al., 2012).

1.4 Fungos nematéfagos

Os fungos séo organismos que podem crescer como célula Unica ou
multicelular que, assim como as plantas, possuem parede celular mas nao
sdo capazes de fazer fotosintese, sendo assim, existem como agente
saprofita ou parasita obrigatoriamente (CARTER, 1988). No ambiente esses
fungos atuam na reciclagem de carbono e nitrogenio do solo provenientes da
biomassa de nematoides. A habilidade desses fungos de capiturar e destruir
nematoides tem chamado a atencdo para a seu potencial no controle
biolégico, sendo que Zopf, em 1888, foi o primeiro a observar o habito
predatorio desses fungos (GRAY, 1987).

Os fungos nematdfagos englobam mais de 150 espécies sendo divido
em trés grupos: predadores de nematdides, endoparasitos e oportunistas
(parasitos de ovos) (GRAY, 1987; NORDBRING-HERTZ et al., 2006;
MONTEIRO, 2011). Os fungos nematofagos predadores constituem o maior
grupo e sdo capazes de formar armadilhas ao longo de suas hifas para
capturar os nematoides mecanicamente ou por adesao (GRAY, 1987). Essas
estruturas podem ser em forma de anéis, botdes, hifas ou redes

tridimensionais adesivas, e uma vez aprisionado, 0 nematoide tem sua
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cuticula penetrada por hifas e seu contetdo interno digerido (NORDBRING-
HERTZ et al., 2006; MONTEIRO, 2011). Os mecanismos que permitem esses
fungos invadir e digerir o hospedeiro incluem enzimas capazes de interferir na
integridade estrutural do hospedeiro, e toxinas que interferem em seu sistema
regulatorio e inibem certos processos fisiologicos e enzimas (HAJEK & St.
LEGER, 1994).

Enquanto os predadores, em sua maioria, conseguem viver de forma
sapréfita, os fungos endoparasitos s&o, predominantemente, parasitos
obrigatérios, dependendo dos nematoides como substrato para sua
alimentacdo (GRAY, 1987; NORDBRING-HERTZ et al., 2006;). Esses
microrganismos ndo produzem hifas fora do corpo do hospedeiro, mas
existem como conidios que, ao serem ingeridos, desenvolvem hifas que se
alimentam do conteudo interno do seu hospedeiro. Por fim, as hifas rompem
0 corpo do organismo parasitado e terminam seu ciclo reprodutivo formando
conidios (GRAY, 1987; MONTEIRO, 2011).

Os fungos nemato6fagos oportunistas tem acdo ovicida e é o grupo mais
promissor para a utilizagdo como controle bioldgico, pois, quando comparado
com os fungos predadores e endoparasitos, € mais eficiente no controle da
populacdo de nematoides (MONTEIRO, 2011). Lysek and Krajc (1987)
descrevem o parasitismo do ovo como iniciando com a fase de contato, onde
provavelmente ha acdo de enzimas, ja que nao foi observado 6rgdo de
penetracdo nesse estagio. Seguindo para o estagio de adesdo, quando o
fungo forma o 6rgéo de penetracéo (apressorio) na superficie do ovo, capaz
de atravessar sua camada quitinosa. Os autores acreditam que enzimas
também estejam presentes nesta fase. Os autores seguem relatando que
apos a penetracdo ocorre entdo a formacéo de hifas no interior do ovo, e se
inicia a fase de consumo. MONTEIRO (2011, p.288) descreve a classificacao
dos fungos nematéfagos de acordo com sua atividade ovicida em trés tipos:
(1) efeito litico sem prejuizo morfologico a casca do ovo; (2) efeito litico com
alteracdo morfologica da casca e embrido do ovo; e (3) efeito litico com

alteracdo morfolégica do embrido e da casca e colonizacao interna do ovo.

O fungo Pochonia chlamydosporia (antigamente Verticillium
chlamydosporium) (NORDBRING-HERTZ et al., 2006; MONTEIRO, 2011;),
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esta se destacando entre os fungos ovicida por seu potencial para utilizacédo
no controle biolégico de nematoides. O fungo P. Chlamydosporia atua
penetrando nos ovos através do apressorio e digerindo o contetdo do ovo
(NORDBRING-HERTZ et al., 2006). Estudos recentes tém demonstrado a
capacidade ovicida deste fungo, como por exemplo, por Silva et al. (2010a),
gue demonstram sua eficacia na destruicéo in vitro de ovos de Trichuris vulpis.
Braga et al. (2010) por sua vez, demonstram a atividade ovicida tipo 3 do P.
Chlamydosporia quando parasitando ovos de Toxocara (Neoascaris)
vitulorum, o que também foi observado por Silva et al. (2010b) em ovos de
Anoplocephala perfoliata, e por Braga et al. (2008) em ovos de Eurytrema
coelomaticum. Ja Araujo et al. (2009) observaram além da atividade ovicida
tipo 3, também os tipos 1 e 2 quando interagindo com ovos de Dipylidium

caninum.

Recentemente os fungos nematofagos tém sido considerados também
como controle biolégico de artrépodes. Braga et al. (2013) demonstraram
interacdo entre o fungo nematofago D. flagrans e o carrapato Amblyomma
cajenense. Sendo assim, o presente trabalho tem como objetivo avaliar a agéo
do fungo nematéfago Pochonia chlamydosporia em telégenas de

Rhipicephalus (Boophilus) microplus.
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2. Artigo cientifico

Este artigo cientifico foi elaborado seguindo as normas da revista

International Journal of Current Microbiology and Applied Sciences.

Original Research Article

In vitro activity of the nematophagous fungi Pochonia chlamydosporia

on Rhipicephalus (Boophilus) microplus ticks

Thais Premoli Azevedo!, Emy Hiura?, Aline Del Carmen Lopes?, Manuela

Colares!, Dominik Lenz?, Flaviana Lima Guido Leite!, Fabio Ribeiro Braga®

L Universidade Vila Velha, Vila Velha ES, Brazil

*Corresponding author email id: thaispremoli@hotmail.com

Abstract

Rhipicephalus (Boophilus) microplus is a tick that parasites mainly cattle and serve as
vector to many diseases including babesiosis and anaplasmosis that are transmitted
during hematophagous feeding, bringing economic losses due to animal sickness and
decrease in production. The arising of resistance to substances used for chemical
control, along with the risk of environmental and food contamination by these
chemicals, has raised interest in biological control for ticks. . Engorged females of R.
microplus were collected from naturally infested animals and divided into three
treatment groups, which were bathed in solutions containing 5000, 10000 and 15000
chlamydospores, and one treatment group. The present study aimed to evaluate the in
vitro effect of the nematophagous fungus Pochonia chlamydosporia on R. microplus
engorged females. It was observed that P. chlamydosporia (VC4) was able to infect R.
microplus ticks at concentrations of 5000, 10000 and 15000 chlamydospores, having
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statistical difference (p<0.05) between all treatment groups when compared to the
control group but not when compared among themselves. These results suggest the

possibility of VC4 to be used as a biological control for R. microplus ticks.

Key words: biological control, cattle, fungus, ticks

Introduction

The Boophilus microplus, currently Rhipicephalus (Boophilus) microplus, is a hard
tick that parasites mainly cattle (Taylor et al., 2010), but that can eventually be found
parasitizing other domestic and wild animals (Hoogstraal, 1956). It’s one-host life
cycle can be divided into two phases, a parasitic and a free-living phase (Santos &
Vogel, 2012). The parasitic phase begins at the moment the larvae fixates itself on the
host and ends once the engorged female leaves the host to lay eggs on the environment.
In its turn, the free-living phase occurs on the environment and it includes from

oviposition to the moment the larvae settles on the host (Taylor et al., 2010).

The identification of the R. microplus ticks can be accomplished through its anatomic
characteristics. The adults have a round to rectangular body, cream coloured legs and
non-ornamented chitinous dorsal plate, or scutum. In females the dorsal plate is placed
only in a small portion of the scutum while in males it covers all dorsal surface of the
plate (Taylor et al., 2010). Other differences between males and females are the caudal
developed adanal shields and caudal process present only in males. In these ticks the
eyes are present, the festoons absent, the capitulum is short with a hexagonal base

(Monteiro, 2011) and the spiracular plate is round or oval shaped (Taylor et al., 2010).
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The R. microplus tick is a vector to many diseases, such as Babesia bovis and bigemina
and Anaplasma marginale that are transmitted through its hematophagous feeding
(Gonzales et al., 1974; Taylor et al., 2010). These diseases can cause symptoms
ranging from anemia, dehydration and weight loss to convulsion and death, causing
economic losses due to abortions and reduction in milk production and weight gain

(Taylor et al., 2010).

To control R. microplus populations, the use of chemical acaricides has been the main
method of choice (Ojeda-Chi et al., 2010). However, cattle farmers tend to use these
chemicals without a veterinarian’s orientation (Camillo et al., 2009), resulting in, many
times, wrong management of pest control, which causes the ticks to develop resistance
to these acaricides (Ojeda-Chi et al., 2010; Camargo et al., 2012). Another downside
of chemical acaricides use besides causing resistance problems is its effect on human
health and the environment. The use of these substances leads to the accumulation of
toxic residues in the meat and milk of cattle causing the contamination of food and the
environment becoming a health hazard (Castro-Janer et al., 2010; Ojeda-Chi et al.
2010; Camargo et al., 2012). In association with the problems already mentioned, the
high cost of chemical control along with the risk of animal intoxication, has led to an
increase in interest in using biological control as an alternative to tick control (Hajek

& St. Leger, 1994; Gronvold et al. 1996; Monteiro, 2011; Camargo et al., 2012).

At livestock farms, biological control is used to keep endo and ectoparasites at sub-
clinical densities, so it will not cause damage to the animals” health or economic loss
to the producers (Gronvold et al. 1996). For the biological control of ticks,

entomopathogenic fungi have been the preferential choice (Angelo et al., 2010;
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Fernandes et al., 2012). These fungi are able to secrete enzymes that allows them to
pass through the tick’s cuticle and reach its internal organs, causing its death
(Monteiro, 2011; Fernandes et al., 2012). New research has shown that the
nematophagous fungi are also effective when used as biological control for ticks

(Braga et al., 2013).

The nematophagous fungi feed on both eggs and worms and can be divided in three
groups: (1) trapping or predatory, that created traps with their hyphae to trap and kill
the nematode; (2) endoparasites, that attack the nematodes with their spores, that can
either be ingested or adhered to the surface of nematodes; and (3) egg-parasitic, that
use an structure called apressoria to break through the eggs” shell to feed on its interior

content (Nordbring-Hertz et al., 2006).

Among the nematophagous fungi, the specie Pochonia chlamydosporia has attracted
attention to its potential to be used as biological control of nematodes due to its
capacity to prey on eggs (Araujo et al. 2009; Braga et al. 2010; Silva et al. 2010a,b).
But Braga et al (2013) has recently opened a new door for biological control of ticks
when he used a nematophagous fungus, Duddingtonia flagrans, to infect and kill
engorged females of the tick Amblyomma cajenense. Therefore, the aim of the present
paper was to analyse the efficiency of the nematophagous fungus Pochonia
chlamydosporia for the biological control of the tick Rhipicephalus (Boophilus)

microplus.
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Material e Methods

Fungi

The nematophagous fungus Pochonia chlamydosporia (VC4) used was isolated and
kept at a B.O.D. incubator at 25 + 1° C and 80 £ 10% relative humidity. The number
of chlamydospores in three aliquots of 10ul of the fungi solution was counted and the
average was calculate to discover the amount of chlamydospores/ml.

Experimental Assay

Engorged females of R. microplus were collected from naturally infested animals and
divided into three treatment and one control group, having eight ticks in each group.
The ticks were first washed in distilled water and after in a 70% alcohol solution. They

were then dried in paper towels and lastly fixated to Petri dishes.

The ticks from treatment group 1, 2 and 3 were bathed in a fungi solution containing
5,000 (VC4-A), 10,000 (VC4-B) and 15,000 (VC4-C) chlamydospores, respectively,
for about 10 seconds before being fixated to a Petri dish. The control group, on the
other hand, was bathed in distilled water for 10 seconds before being fixated. A wet
cotton ball with distilled was placed in each Petri dish which were then wrapped in

Pvc paper and incubated at 25 + 1° C and 80 + 10% RH.

The confirmation of the presence of P. chlamydosporia on the R. microplus was
accomplished two ways. First, the hyphae present in the tick’s cuticle was scraped off

and inoculated into two Petri dishes, one containing agar-agar at 2% (WA2%) and one
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containing potato dextrose, and incubated at 25 + 1° C and 80 + 10% RH. The fungi
colony was then placed into a test tube containing distilled water, the solution was
stirred and aliquots of 10u each were observed under a microscope to find
chlamydospores. The same process was repeated but this time a tick with visible

hyphae was placed in the test tube with distilled water to search for chlamydospores.

Statistical analysis

The average and standard deviation of each treatment group was calculated for each
day and total number of infected ticks. The data was interpreted statistically by analysis

of variance at significance levels of 1 and 5% probability followed by the Tukey test

(Ayres et al., 2003), using the program BioEstat 5.0.

Results and Discussion

During this experiment, it was observed that the first sign of the infection of the P.
chlamydosporia fungus on R. microplus ticks is the manifestation of small white dots
all over the ticks” scutum, at this time no visible hyphae is present. As P.
chlamydosporia continues to spread through the host, the presence of white, cotton
like hyphae starts to be noticed, as well as a change in colour of the tick’s body to a
dark brown (Figure 1). It was also observed that after the tick changes colour and the
hyphae becomes visible, it dies and its insides are digested, becoming a dark red/brown

liquid.
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On the treatment groups, only one tick in the VC4-B group showed visible hyphae
without first having the presence of white dots in its scutum, this same tick was the
only one that did not lay any eggs, showing a higher predisposition to the fungal
infection than the other ticks, which was also described by Perinotto et al (2012) . In
their study, the authors observed statistical difference (p>0.05 and p>0.01) for the
biological parameters evaluated between two different R. microplus populations with
the same fungi concentration of the entomopathogenic fungi Metarhizium anisopliae
and Beauveria bassiana, coming to the conclusion that the ticks™ predisposition to
fungal infection was the probable reason for the results. None of the ticks in the control

group presented white dots or visible hyphae in their bodies.

Table 1 shows the average number of R. microplus ticks that were infected by P.
chlamydosporia on the treatment and control groups considering all observation days.
All treatment groups showed statistical difference (p<0.05) when compared to the

control group, but did not show statistical difference when compared to one another.

Table 2, on the other hand, shows the average number of R. microplus ticks that were
infected by P. chlamydosporia on the treatment and control groups for each
observation day. On the first observation day that was no statistical difference (p<0.05)
between the treatment and control groups, and among the control groups. However,
from the second observation date to the sixth it was observed statistical difference
when comparing the treatment groups to the control group, but not when comparing

the treatment groups among themselves.
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The results from Table 1 and 2 demonstrates that even tough P. chlamydosporia is a
nematophagous fungus it is capable of infecting R. microplus. This ability may be due
to the secretion chitinases and proteases (Esteves et al., 2009), which helps this fungus
penetrate the scutum of the ticks and reach its internal organs. It also indicates that a
solution with 5000 chlamydospore concentration is sufficient to successfully infect R.
microplus. Braga et al. (2013) also suggested that the nematophagous fungus D.

flagrans was able to infect A. cajennense ticks with the help of chitinases.

In Figure 2 the percentage of ticks with visible hyphae for each treatment group on
different observation days is shown. Throughout the experiment, the ticks in the
control group did not have any visible hyphae in their bodies, differently from the
treatment groups, where all concentrations of VC4 showed ticks with visible hyphae.
On the first observation day no ticks presented visible hyphae, while on the second
day it was notice in only one tick in the VC4-B group. From the third day forward, all
treatment groups had ticks presenting hyphae. As time progressed it was perceived that
the higher the concentration of chlamydospores in the treatment group, the higher the

percentage of the ticks in that group with visible hyphae in their scutum.

Since the visible hyphae also indicated mortality, at the sixth observation day a 37.5,
62.5 and 75 percentage of mortality could be observed for the VC4-A, VC4-B and
VC4-C concentrations respectively. Studies with biological control of R. microplus
using entomopathogenic fungi showed a higher control percentage when compared to
the present one using a higher solution concentration. Athayde et al. (2001) observed
a control percentage of female adults of R. microplus of 91% when using M.

flavoviride, 86% when using M. anisopliae, and 89% when using B. bassiana at 10°

21



conidia/ml concentration. In their turn, Frazzon et al. (2000) described a control
percentage of 10-29% for M. flavoviride and 38-49% for B. bassiana for engorged
females at 107 and 108 conidia/ml concentration. Furthermore, Ojeda-Chi et al. (2010)
detected an efficiency of 65-100% for 2 strains of M. anisopliae at concentrations of
108, 107 and 108 conidia/ml. Angelo et al. (2010) was the only one to obtain a lower
control percentage of 3-41% for different concentrations of L. lecanii ranging from 10°

to 108 conidia/ml for engorged females.

After isolating the fungi from infested tick on a Petri dish containing WA2%, it was
observed that the colony that grew on the agar had similar cotton-like appearance from
the fungi that developed on the ticks. From the fungi colony and distilled water
solution seen under a microscope (Figure 3), it was also observed a chlamydospore
measuring 30 um (Braga, 2008) with similar characteristics to those found in the
solution of isolated VC4, and that it was intact and viable, indicating that P.
chlamydosporia was responsible for the infection of the tested R. microplus. On the
other hand, no chlamydospores were observed under the microscope for the tick and
distilled water solution. The difficulty to find chlamydospore for both solution can be
explained by the short time elapsed between the appearance of visible hyphae and
inoculation of the fungi in the WA2%, and the day the test was performed, which was
only 6 days. Therefore, it may not have been enough time to produce a high number

of chlamydospores, making it difficult to be observed under the microscope.

In conclusion, the present study demonstrated that Pochonia chlamydosporia is able
to infect and kill Rhipicephalus (Boophilus) microplus ticks, and therefore, has

promising potential to be used as a biological control for these parasites.
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Tables and Figures

Table 1: Average and standard deviation of Pochonia chlamydosporia infecting

Rhipicephalus (Boophilus) microplus ticks for treatment and control groups.

Treatment Control
VC4-A* 43+22° 0+08
\VC4-B** 53+ 224 0+08
VC4-C*** 6.7 +£3.3~ 0+0B

Values followed by the same letter in the same row and column do not show statistical difference
(p<0.05). *concentration of 5,000 chlamydospores; **concentration of 10,000 chlamydospores; ***

concentration of 15,000 chlamydospores.

Table 2: Average and standard deviation of Pochonia chlamydosporia infecting
Rhipicephalus (Boophilus) microplus ticks for treatment and control groups on

different observation days.

Days VC4-A* VC4-B** VC4-C*** Control
1 0+0A° 0,1+0,3* 0+0” 0+0”
2 0,6 + 0,58 0,8+0,48 1+08 0+0°
3 06+058 0,8+048 1+08 0+0"
4 06+05% 08+04° 1+068 0+0°
5 06+05% 080458 1+068 0+0°
6 08+048B 09+0,38 1+08 0+0"

Values followed by the same letter in the same row and column do not show statistical difference

(p<0.05). *concentration of 5,000 chlamydospores; **concentration of 10,000 chlamydospores; ***

concentration of 15,000 chlamydospores.
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Figure 1: P. chlamydosporia parasitizing R. microplus ticks

(A) P. chlamydosporia isolated from infected tick; (B and D) R. microplus with visible hyphae; (C) R.
microplus without visible hyphae; Black arrows indicates ticks parasitized with P. chlamydosporia;

Blue arrows indicates evolution from non-visible hyphae to visible hyphae.
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Figure 2: Percentage of ticks with visible hyphae for each treatment group on different

observation days.

*concentration of 5,000 chlamydospores; **concentration of 10,000 chlamydospores;

concentration of 15,000 chlamydospores.
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Figure 3: R. microplus infected with P. chlamydosporia.

(A) R. microplus infected with P. chlamydosporia; (B) P. chlamydosporia isolated from infected tick;

(C) Chlamydospore of P. chlamydosporia colony observed under a microscope. Bar = 30 um
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