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RESUMO

GIROTTO, Aline. Deteccdo molecular de hemoparasitas Anaplasma marginale,
Anaplasma centrale e ‘Candidatus Mycoplasma haemobos’ em bovinos leiteiros de
assentamentos rurais localizados no Estado do Parana. 2012. 59f. Tese (Doutorado em
Ciéncia Animal) — Universidade Estadual de Londrina, Londrina, 2012.

RESUMO

As hemoparasitoses sdo doencas prevalentes no rebanho bovino brasileiro e causam grandes
prejuizos econdmicos para a pecudria do pais. A identificacdo de bovinos persistentemente
infectados em areas endémicas é importante para monitorar a movimentacdo de animais
infectados para areas livres da doenca, bem como para prevenir a infeccdo de animais
suscetiveis. Neste contexto, este trabalho teve como objetivo a deteccdo molecular dos
hemoparasitas Anaplasma marginale, Anaplasma centrale e Mycoplasma spp. em bovinos
leiteiros de assentamentos rurais de quatro municipios da regido Norte do Estado do Parana.
Foram coletadas 433 amostras de sangue de bovinos assintomaticos, entre Julho de 2009 e
Junho de 2010, as quais foram submetidas ao hemograma e ao esfregago sanguineo.
Posteriormente, realizou-se a Reacdo em Cadeia da Polimerase (PCR), para amplificacdo de
um fragmento do gene 16S rDNA dos agentes pesquisados. Do total de amostras, 89,14%
(386/433) foram positivas para A. marginale, 33,94% (147/433) para A. centrale, 60,96%
(264/433) para ‘Candidatus Mycoplasma haemobos’ (‘C. M. haemobos’), 31,17% (135/433)
estavam coinfectadas com A. marginale e A. centrale, 9,23% (40/433) coinfectadas com A.
marginale e ‘C. M. haemobos’, 1,84% (8/433) coinfectadas com A. centrale e ‘C. M.
haemobos’ e 20,55% (89/433) apresentavam 0s trés micro-organismos. Nenhum animal
apresentava alteracdes clinicas no momento da coleta de sangue. Nos hemogramas, constatou-
se que alguns bovinos encontravam-se anémicos, porém, nao foi observada associacdo entre
positividade na PCR e anemia. Os resultados obtidos neste estudo permitem concluir que 0s
agentes pesquisados encontram-se disseminados entre os animais da area amostrada. A
deteccdo de bovinos persistentemente infectados é importante para a determinacdo da
infeccdo e do estado imunologico dos animais. Neste estudo, a PCR mostrou ser uma
ferramenta poderosa para a deteccdo e a diferenciacdo de A. marginale e A. centrale que
parasitam os bovinos. Além disso, este é a primeiro relato do hemoplasma 'C. M. haemobos
em bovinos no Brasil, sendo observada uma ocorréncia significativa deste hemoparasita em
bovinos leiteiros da regido Norte do Parana.

Palavras-chave: Bovideos. Anaplasmose. Micoplasma hemotrépico. DNA. Filograma.



ABSTRACT

GIROTTO, Aline. Molecular detection of hemoparasites Anaplasma marginale |,
Anaplasma centrale and 'Candidatus Mycoplasma haemobos' in dairy cattle of rural
settlements located in the Parana State. 2012. 59f. Thesis (Doctorate in Science Animal) —
State University of Londrina, Londrina, 2012.

ABSTRACT

The hemoparasitoses are diseases quite prevalent in the Brazilian herd and cause great
economic losses to the livestock in the country. The identification of persistently infected
cattle in endemic areas is important to monitor the movement of infected animals for disease-
free areas, as well as to prevent infection of susceptible animals. In this context, this study
aimed the molecular detection of hemoparasites Anaplasma marginale, Anaplasma centrale
and Mycoplasma spp. in dairy cattle of rural settlements of four counties in the north of the
Parana State. Were collected 433 blood samples from asymptomatic cattle, between July 2009
and June 2010, which were submitted to the CBC and blood smear. Later, there was the
Polymerase Chain Reaction (PCR) to amplify a fragment of the 16S rDNA of the agents
surveyed. Of the total sample, 89.14% (386/433) were positive for A. marginale, 34%
(147/433) for A. centrale, 61% (264/433) for 'Candidatus Mycoplasma. haemobos' ('C. M.
haemobos'), 31.2% (135/433) samples were coinfected with A. marginale e A. centrale, 9.2%
(40/433) coinfected with A. marginale, and 'C. M. haemobos’, 1.8% (8/433) co-infected with
A. centrale and 'C. M. haemobos' and 20.5% (89/433) had three agents. No animal had, at the
time of blood collection, clinical changes. The hemogram showed that some animal were
anemic, however, there was no correlation between positive tests and anemia. The results of
this study indicate that the agents surveyed are widespread among animals of the area
sampled. The detection of persistently infected cattle is important for the determination of
infection and the immune status of the animals. In this study, the PCR has proven to be a
powerful tool for detection and differentiation between of A. marginale and A. centrale
species parasitizing cattle. Moreover, this is the first report of hemoplasma ‘C. M. haemobos
in cattle in Brazil, and was observed a significant occurrence of this hemoparasite in dairy
cattle from northern Parana.

Key words: Bovine. Anaplasmosis. Hemotropic mycoplasma. DNA. Philogram.
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1 REVISAO DE LITERATURA

1.1 — ANAPLASMOSE BOVINA

A anaplasmose bovina € causada por bactérias intraeritrociticas
obrigatorias, pertencentes ao reino Bacteria, filo Proteobacteria, classe
Alphaproteobacteria, ordem Rickettsiales, familia Anaplasmataceae e género Anaplasma.
As principais espécies envolvidas sdo Anaplasma marginale (THEILER, 1910) e Anaplasma
centrale (THEILER, 1911). Estas duas riquétsias apresentam semelhanca antigénica
acentuada, porém, A. centrale é considerada atualmente uma subespécie de baixa
patogenicidade para bovinos (KOCAN et al., 2003; DUMLER et al., 2001) e tem sido
utilizada na forma viva para a vacinagdo de rotina de bovinos no Oriente Médio,
Oceania, Africa e América do Sul, uma vez que a imunidade protetora cruzada e duradoura
ao A. marginale pode ser adquirida apos a infeccdo com A. centrale (VIDOTTO et al., 1998;
SHKAP et al., 2008; MOLAD et al., 2006).

Devido a forma de utilizacdo na vacina, por se tratar de organismos Vivos,
A. centrale estd circulante entre os animais e, ocasionalmente, pode causar doenca
(CARELLI et al., 2008). A epidemiologia por métodos moleculares desta riquétsia € pouco
estudada e algumas cepas tém sido reconhecidas com base na caracterizacdo molecular
(KOCAN et al., 2003). Em contraste, varias linhagens geograficas de A. marginale foram
relatadas e apresentam diferentes caracteristicas bioldgicas e genéticas (KANO et al., 2002).
A. marginale juntamente com Babesia bovis e Babesia bigemina formam um complexo de
doengas hemoliticas, denominado Tristeza Parasitaria Bovina que é responsavel por prejuizos
consideraveis na pecuaria bovina mundial, principalmente devido a alta morbidade e
mortalidade em bovinos suscetiveis, afetando o desempenho dos animais e limitando a
producdo (GRISI et al., 2002). As perdas econdmicas associadas a esta doenca estdo
relacionadas a reducéo do peso corporal, atraso no crescimento, aumento na duragédo do ciclo
estral, abortos, baixa fertilidade em touros, gastos com méo-de-obra e com os tratamentos e
manejos especiais realizados (CORREA et al., 2004; BARROS et al., 2005).

Uma vez inoculadas nos bovinos, as formas infectantes, conhecidas como
corpusculos iniciais, aderem a parede das hemdcias, que sdo as Unicas células parasitadas no
hospedeiro vertebrado, penetram no seu interior atraves da invaginacao e englobamento pela
membrana da célula parasitada e iniciam a sua multiplicacdo por fissdo binaria, dando origem

a um corpo de inclusdo composto por quatro a oito corpusculos iniciais, que sdo as unidades
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infectantes. Tais corpusculos, localizados perifericamente no caso de A. marginale e
centralmente no caso de A.centrale, se deslocam em direcdo a periferia da hemacia até se
fundirem com a membrana celular. A presenca do parasita provoca alteracfes na membrana e
na densidade citoplasmaética da célula hospedeira e induz a formag&o de poros na membrana,
através dos quais os corpusculos deixam o eritrocito sem rompé-lo e invadem outras células
vermelhas, continuando o ciclo (GIARDINA et al., 1983).

Nos carrapatos, 0s complexos eventos do desenvolvimento de A. marginale
e A. centrale em seu interior sdo coordenados com o ciclo de alimentagéo do vetor (KOCAN
et al., 2004). Durante o repasto sanguineo sdo ingeridos eritrdcitos infectados, que sao a fonte
de infeccdo para as células intestinais, onde ocorre o desenvolvimento do parasita e,
posteriormente a disseminacdo para 0s outros tecidos. Dentro das células intestinais, as
riquétsias se desenvolvem em vacutolos formados pela invaginacdo da membrana celular das
células dos vetores. Inicialmente é possivel observar a forma reticulada (vegetativa), que se
divide por fissdo binaria, formando grandes colGnias que podem conter centenas de
organismos. A forma vegetativa evolui para corpos densos e se torna infectante, sendo capaz
de sobreviver por um curto periodo de tempo no meio extracelular. Ao se disseminar pelo
organismo do vetor e invadir as glandulas salivares, a riquétsia é transmitida aos hospedeiros
vertebrados durante a alimentacdo do carrapato (KOCAN et al., 2010).

A enfermidade se manifesta apds um periodo de incubacdo de 20 a 40
dias e na fase aguda da doenca 10 a 90% dos eritrocitos podem estar parasitados. Os animais
acometidos apresentam quadros de anemia e ictericia, resultantes da fagocitose macica dos
eritrocitos infectados pelo sistema reticuloendotelial, perdem peso, ficam letargicos, e com o
agravamento do quadro podem chegar ao 6bito (DE LA FUENTE et al., 2001; KOCAN et
al., 2003).

Bovinos de todas as idades podem ser infectados com A. marginale, porém,
nos animais adultos com mais de dois anos, a doenca é aguda e muitas vezes fatal. Bezerros
com menos de seis meses, em funcdo dos anticorpos colostrais, raramente apresentam a
doenca, Animais entre seis meses e um ano costumam desenvolver a doenca de forma répida.
Animais entre um e dois anos de idade sofrem a forma aguda da doenga, mas raramente fatal
(KOCAN et al., 2003). Animais que sofrem a forma subclinica da doenca ou animais
recuperados de um quadro agudo de infeccdo por A. marginale tornam-se portadores e
podem ser reservatorios da riquétsia por até sete anos (KOCAN et al., 2010).

Considerando que o tempo de vida médio de uma celula vermelha de

sangue bovino é de 160 dias, para manter a infec¢do persistente, novos eritrocitos precisam
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ser continuamente reinfectados. Essa reinfeccdo acontece em funcao da evasdo da resposta
imune seguida pela replicacdo e surgimento de variantes antigénicas (proteinas de superficie
da membrana - MSPs) de A. marginale que nao sdo reconhecidas pelos anticorpos presentes
nos animais infectados. Bovinos persistentemente infectados ou portadores tém imunidade
duradoura e sdo resistentes a doenca clinica ou ao desafio com cepas homologas e
parcialmente protegidos contra o desafio com cepas heterélogas (PALMER, 2000).

A anaplasmose apresenta ampla distribuicdo geografica, ocorrendo de
forma endémica em regides tropicais e subtropicais da América Central e do Sul, além do
Caribe, com excec¢do das areas de deserto e de altitudes elevadas como os Andes (AUBRY et
al., 2011). Nos Estados Unidos a doenca € enzootica nos estados do sudeste, oeste e ao longo
da costa do Atlantico. A riquétsia A. marginale ja foi relatada em paises do leste europeu
(KOCAN et al., 2003), Italia (CRINGOLI et al., 2002), Portugal (CAEIRO, 1999), Argentina
(GUGLIELMONE et al., 1995), Bolivia (MAS et al., 2000), nos paises asiaticos (LIU et al.,
2005; SINGH et al., 2012), africanos (THEILER, 1910; THEILER, 1911) e no Oriente
Médio (NOAMAN et al., 2010). No Brasil, devido as altas taxas de soroprevaléncia da
anaplasmose, a maior parte do pais pode ser considerada como area de estabilidade enzodtica
(DALAGNOL et al., 1995; MADRUGA et al., 2000; MARANA et al., 2009).

A transmissd@o do A. marginale para bovinos ocorre biologicamente por
carrapatos, mecanicamente por dipteros hematdfagos, por fomites contaminadas com sangue
e pela via transplacentaria (SILVA, 2007; KOCAN et al., 2010). Entre as espécies de
carrapatos mencionados como vetores da anaplasmose, Rhipicephalus (Boophilus)
microplus (CANESTRINI, 1887) tem sido apontado como o principal transmissor de A.
marginale (AGUIRRE et al., 1994; KOCAN et al., 2001). A transmissdo por esse vetor
pode ocorrer de forma transestadial, quando a infeccdo acontece em um estagio e a
transmissd@o no estagio seguinte ou de forma intraestadial, onde o carrapato adulto, durante o
mesmo estagio, se infecta em um animal e transmite para outro. Os carrapatos machos
desempenham importante papel na disseminagdo do agente, pois atuam como reservatorios e
transmitem o patogeno repetidamente (KOCAN et al., 2001; KESLER et al., 2006). Embora
ja tenha sido relatada, a transmissdo transovariana em carrapatos ainda é motivo de
discussdo (SHIMADA et al., 2004). Na América do Sul a distribuicdo da riquétsia esta
diretamente associada a distribuicdo do vetor, que se encontra disperso nas diferentes
regides do globo terrestre localizadas entre os paralelos 32° Norte e 32° Sul, classificadas de
acordo com a situacdo epidemiologica em éareas livres da doenca, &reas de instabilidade
enzooltica e areas de estabilidade enzodtica (FARIAS, 1995). Em &reas da América do
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Sul, Central e Africa, onde ndo existe a presenca de carrapatos, a forma mecanica é
considerada a principal forma de transmissdo, pois a riquétsia mantém a sua viabilidade na
pecas bucais dos vetores por até duas horas apds a retirada do aparelho bucal de um animal e
introducdo em outro, possibilitando assim a transmissdo (POTGIETER, 2004).

O diagnostico da anaplasmose bovina rotineiramente é realizado com base
nos sinais clinicos, anatomopatoldgicos e na visualizagdo dos corpusculos de inclusdo do
parasita no interior das hemacias em extensfes sanguineas coradas por Giemsa (VIDOTTO,;
MARANA, 2001; CARELLI et al., 2007). Os esfregagos sanguineos, apesar de simples e
rapidos séo eficientes apenas durante a fase aguda da infeccgdo, pois a parasitemia, nos casos
de infeccdo subclinica ou cronica e em animais portadores, permanece abaixo do limiar de
deteccdo da microscopia dptica (GALE et al., 1996). Além disso, atraveés da microscopia nao
é possivel fazer a distincdo entre A. marginale e A. centrale e estruturas como corpos de
Heinz, Howell-Jolly ou artefatos de coloragdo, muitas vezes observadas em esfregacos
sanguineos corados por Giemsa, podem ser confundidas com o parasita. Varios metodos
soroldgicos para a deteccdo de anticorpos como teste de aglutinacdo em latex, teste de
hemaglutinagdo, prova de fixagdo de complemento, imunofluorescéncia indireta e teste
imunoenziméatico (ELISA) vem sendo empregados extensivamente em estudos
epidemioldgicos (SOUZA et al., 2000; VIDOTTO; MARANA, 2001; BARROS et al., 2005).
Porém, os avangos no campo da biologia molecular tornaram possivel o uso de técnicas de
amplificacdo especifica do acido desoxiribonucléico (DNA) dos agentes causais da doenca.
O elevado grau de sensibilidade e especificidade da reagcdo em cadeia da polimerase (PCR)
tornou possivel a identificacdo dos agentes patogénicos, mesmo em animais assintomaticos
(LEW et al., 2003; LIU et al., 2005; MOLAD et al., 2006; CARELLI et al., 2008). Essa
metodologia molecular tem contribuido significativamente para a realizagdo de estudos mais
avancados sobre a epidemiologia da doenca, permitindo a adogdo de medidas profilaticas e
estratégias de controle mais eficazes (VIDOTTO; MARANA, 2001).

1.2 — MICOPLASMOSE BOVINA

Micoplasmas hemotrdpicos, também conhecidos como hemoplasmas, sao
pequenas bactérias pleomorficas ndo cultivaveis, sem parede celular, que podem causar
anemia em Vvérias espécies de mamiferos. Sdo encontrados individualizados ou em cadeias
em depressdes leves na superficie dos eritrocitos e apresentam-se na forma esférica, discoide
ou em anéis (SMITH et al., 1990; MESSICK, 2004) (Figura 1).
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Figura 1 — Micoplasma sp na superficie do eritrdcito.

Fonte: Livro Essentials of Veterinary Hematology.

Originalmente conhecidos como Haemobartonella e Eperythrozoon, da
ordem Rickettsiales, familia Anaplasmataceae, estes organismos foram reclassificados como
membros da classe Mollicutes, familia Mycoplasmataceae, género Mycoplasma, com base
em sequéncias de do gene 16S rRNA e semelhancas morfologicas (NEIMARK et al., 2001).

A infeccdo por hemoplasmas ganhou crescente importdncia em salde
publica desde a descoberta do seu potencial zoonotico (DOS SANTOS et al., 2008; YUAN et
al., 2009). No entanto, o conhecimento sobre a epidemiologia e outros aspectos, como por
exemplo, o ciclo de vida, o metabolismo, a transmisséo desses organismos e a associagao
com outras doencas é incompleto. Este fato, em grande parte, estd associado a
impossibilidade de cultivo “in vitro” dos hemoplasmas, o que é limitante para as pesquisas.

Em bovinos, duas espécies distintas foram identificadas, Mycoplasma
wenyonii (anteriormente, Eperytrozoon wenyonii) (NISHIZAWA et al., 2010) e uma espécie
denominada 'Candidatus Mycoplasma haemobos’ (sindbnimo, '‘Candidatus M. haemobovis')
(TAGAWA et al.,, 2008). ldentificado pela primeira vez em 1934 em um bezerro
esplenectomizado (ADLER; ELLENBOGEN, 1934), M. wenyonii exibe distribuicdo
geografica ampla (MESSICK, 2004), enquanto 'Candidatus Mycoplasma haemobos’ foi
relatado apenas no Japdo (TAGAWA et al., 2008), China (SU et al., 2010), Suica (MELI et
al., 2010), Alemanha (HOELZLE et al., 2011); Hungria (HORNOK et al., 2011) e,
recentemente, no Brasil (GIROTTO et al., 2012).

Tipicamente, as infec¢bes por estes organismos sdo latentes produzindo
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parasitemia de baixo grau e anemia moderada (NEIMARK et al., 2001). Ocasionalmente,
bovinos infectados morrem ou apresentam sinais clinicos que incluem anemia, febre
transitdria, linfadenopatia, anorexia, edema de membros posteriores, edema escrotal, edema
de tetos, infertilidade, perda de peso e reducéo na produgéo de leite. Na maioria dos casos, no
entanto, a infeccdo permanece subclinica (MESSICK, 2004; SMITH et al., 1990).

Animais acometidos pela hemoplasmose podem apresentar hipoglicemia
profunda, devido ao consumo da glicose pelo parasita ser superior a capacidade
gliconeogénica do animal (BURKHARD et al., 2004). Embora alguns trabalhos relatem a
ocorréncia da doenca associada aos sinais clinicos citados anteriormente, alguns autores nao
encontraram associacdo entre animais positivos nos testes diagnésticos e o desenvolvimento
de sinais clinicos. Desta forma, a importancia da infeccdo por 'C. M. haemobos’ e M.
wenyonii ainda ndo estd bem elucidada (TAGAWA et al., 2008, MELI et al., 2010,
NISHIZAWA et al., 2010).

Pouco se sabe sobre as formas de transmissdo dos micoplasmas
hemotrépicos, porém, ha evidéncias de que moscas, piolhos, pulgas e mosquitos podem atuar
como vetores mecanicos (PRULLAGE et al., 1993; HOFFMANN-LEHMANN et al., 2004;
WOODS et al., 2005), enquanto os carrapatos atuam como vetores bioldgicos (NEIMARK;
KOCAN, 1997). Alem disso, a via transplacentaria também esta sendo pesquisada (LAPIN et
al., 2006; HORNOK et al., 2011).

A abordagem tradicional para o diagnostico da infecgdo era realizada com
base na observacdo dos agentes patogénicos na superficie dos eritrécitos através de exame
microscopico de extensdes sanguineas coradas com Giemsa ou laranja de acridina. No
entanto, a sensibilidade e a especificidade destes métodos sdo baixas, pois 0s resultados
falso-positivos sdo evidentes, uma vez que artefados de corante, corpusculos de Howell-Jolly
e até mesmo corpusculos iniciais de A. marginale e A. centrale podem ser confundidos com o
micro-organismo (KEMMING et al., 2004).

A introducdo de técnicas moleculares, como a PCR e a PCR em tempo real
permitiu a detecgéo e identificagdo mais eficiente destes organismos (SYKES et al., 2007;
MESSICK, 2004). InvestigacOes sobre a prevaléncia e fatores de risco da infecgdo por
hemoplasma em cées e gatos utilizando métodos moleculares tem obtido éxito e apontam o
local do domicilio, sexo, idade, raca, estado imunitario e co-infeccdo com outros agentes
patogénicos como fatores importantes envolvidos no desenvolvimento da doenga
(NOVACCO et al., 2010; MACIEIRA et al., 2008; WILLI et al., 2006).

Embora esses métodos moleculares tambem sejam aplicados aos micro-
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organismos encontrados nos bovinos (MELI et al., 2010; NISHIZAWA et al.,, 2010;
TAGAWA et al., 2008), existem poucos relatos sobre investigacdo epidemioldgica dos
fatores de risco de infecgcdes por hemoplasmas nesta espécie. Por outro lado, estudos sobre a
prevaléncia dos hemoplasma bovinos sdo crescentes e relatam a descoberta da presenca de
‘C. M. haemobos’ em diferentes paises. No Japéo, 23 (21,7%) de 106 bovinos saudaveis
foram hemoplasmas positivos na PCR. Destes animais, 60,8% e 30,4% estavam parasitados
por M. wenyonii e 'C. M. haemobos’, respectivamente e 8,6% estava co-infectado
(TAGAWA et al., 2010). Em 2008, o mesmo grupo de pesquisadores encontrou em uma
populacdo bovina composta por 78 animais, atendida em um hospital veterinario japonés,
21,8% de animais infectados por M. wenyonii, 16,7% por 'C. M. haemobos’ e 5,1% co-
infectados (TAGAWA et al., 2008).

Na Alenhanha, durante um surto da doenga, foram detectados como
positivos para 'C. M. haemobos’, 50% (10/20) dos animais (HOELZLE et al., 2010). Na
China, estavam infectados pelo mesmo agente, 41,7%(5/12) dos bovinos de corte, 14,3%
(6/42) das vacas de leite e 32% (8/25) dos bubalinos avaliados (SU et al., 2010). Na Suica,
Meli et al. (2010) encontraram prevaléncias para hemoplasmas de 61,4% (35/57) em bovinos
doentes, 72,1% (44/61) em bovinos assintomaticos e 91,8% (146/159) em bovinos
provenientes de um rebanho com surto de anaplasmose e sugerem que a co-infec¢cdo com
outros agentes, principalmente A. marginale, pode aumentar a patogenicidade e o significado
clinico das hemoplasmoses bovinas. A esse respeito, Hornok e colaboradores (2010),
levantaram a possibilidade do sinergismo patogénico entre os diferentes géneros. Infecgdes
simultaneas com até cinco agentes infecciosos, incluindo M. wenyonii, ja foram relatadas em
bovinos suicos (HOFFMANN-LEHMANN et al., 2004).

No Brasil, o primeiro estudo realizado em 433 amostras de sangue de
bovinos assintomaticos para a deteccdo de hemoplasmas, relata a prevaléncia de 60,9% de
animais positivos para 'C. M. haemobos’ (GIROTTO et al., 2012), 9,2% co-infectados com
Anaplasma marginale,1,8% co-infectados com Anaplasma centrale e 20,5% com o0s trés
agentes (dados ndo publicados). Segundo Messick (2004), as infecgdes persistentes por
hemoplasmas podem contribuir para a progressdo de doencas retrovirais, neoplasicas ou
imunomediadas. Desta forma, para que a doenca nos rebanhos possa ser monitorada e a
prevaléncia conhecida, estudos envolvendo os fatores de risco da infeccdo, bem como as vias

de transmissdo da hemoplasmose bovina devem ser realizados.
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2 OBJETIVOS

2.1 — OBJETIVO GERAL

Detectar por meio de ferramentas moleculares a ocorréncia e frequéncia de
especies de Anaplasmataceae e de Mycoplasmataceae (Micoplasmas hemotropicos) em
amostras de sangue de bovinos leiteiros de assentamentos rurais da regido norte do Estado do

Parana.

2.2 — OBJETIVOS ESPECIiFICOS

- Padronizar o diagndstico por PCR de Anaplasma marginale e Anaplasma

centrale;
- Padronizar o diagndstico por PCR de ‘C. M. haemobos’;

- Caracterizar por meio de sequenciamento os fragmentos do gene 16S
rDNA amplificados nas PCRs de Anaplasma e de Mycoplasma,;

- Determinar a frequéncia e distribuicdo da infeccdo pelas espécies de
Anaplasma e Mycoplasma encontradas na populacdo de bovinos leiteiros

selecionados.
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Abstract

Bovine hemoplasmas are bacteria found on the erythrocyee surface or free in che plasma of caetle. The aim of the
present study was to evaluare the occurrence of ' Candidetus Mycoplasma hzemobos’ ('C M. hzemobos’) in Holseein
and Jersey carele raised in Londrina and surroundings, northern region of the State of Parana, Southern Brazil. PCR
testing directed o 165 rRNA gene fragment was performed eo investigare the oceurrence and characrerize the molecular
identity of ‘C. M. hzemobos’. A eoeal of 264/433 (60.97%) blood samples were positive by PCR. Further slignment of
300-bp amplicons to availsble sequences ar the GenBank database showed high identioy (100%) w'C M. haemobos’,
Too the author’s knowledge, chis is che firse molecular confirmacion of the hemoplasma " M. haemobos” in caeele from
Brazil. Moreover, 'C. M. haemobos’ was observed in high oceurrence in daiey carele, and may have significane impace
in livestock production,

Keywords: “Candidasus Mycoplasma haemobos’, bovine, ococurrence, phylogenetic cree, Brazil,

Resumo

Hemoplasmas de bovinos sio bacrérizs enconrradas na 5uperﬁcie de hemdcias, ou livee no plasma de bovinos,
O objetivo do presente estudo foi avaliar 2 ocorséneis de Candidetus Mycoplasma haemobos” ('C. M. hzemobog’)
em bovinos das racas Holandess e Jessey da regido de Londrina, noree do Parand, sul do Brasil Pare investigar 2
ocorréneiz e caraceerizar 2 idenddade moleculzr do '€ M haemobos’ uma PCR baseada no fragmento do gene 165
rRMA foi realizada. A PCR identificon como positivas 264/433 (61%) amostras de sangue resradas. O zlinhamentn
deste Fm.gmeum de 500 pb com seqiiéncias disponiveis no GenBank moseeou 100% de identidade "C) M. haemaobes’,
Pela bibliogr2 fia consulrada, esez € 2 primeira confirmacio moleculzr do hemoplasma 'C. M. haemobos’ em bovinos no
Brasil. Além disso, foi observadz uma alea prevaléncia desre hemoplasma em bovines de leite, que pode er um impacro
imporeante na pecudria bovina,

Palavras-chave: 'Candidatus Mycoplasma haemobos’, bovines, devore ﬁlngené:ica_. ocorréncia, Brasil,



Hemaorropic myeoplasmas, also kenown as hemoplasmas, are cell
wall-less organisms thar artach to erythrocyres of a variety of domestic
and wild animal species including human beings (MESSICK,
M004; SANTOS eral., 2008). In carcle, rwo distiner hemorropic
Mycoplasma have been identified o dave: Mycoplasma wenyonii
iformerly .@:eryrﬁ?‘ﬂzaan wenyondil (ADLER; ELLENBOGEN,
1934; SUTTON, et al,, 1977) and ‘Candidazus Mycoplasma
haemobos’ ('C. M. hzemobos™) (TAGAWA eral., 2008).
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and included in this study. Samples were drawn by jugular veno-
puncture, immediately placed in EDTA rubes and stored ac -20
C prior to DNA exrraction. Total Genomic DNA was extracred
from 200 pL of each blood sample with 2 commercially available
kit {DNeasy Blood & Tissue Kir, QIAGEN, Hilden, Germany)
and stored ar —20 °C until PCR testing. PCR was carried our
using the primers (3-ATC TAA CAT GCC CCT CTG TA-3/5-
GTAGTATTC GGT GCA AAC AA-3') as previously described
NISHIZAWA eral, 2010) witha few modificarions: one microliver of
DNA and 10 pmol of ezch primer were used in 2 12.5 L. PCR total
volume, and an inceease of 6 °C for the annealing temperature was
applied to improve the test specificicy. DNA from ‘C. M. haemobos’
and nuclease free warer were used 25 positive and negarive controls,
respectively. The sensiciviey of the PCR was evaluated by using 2
serial 10-fold dilution of DNA in water showing specific visible
bend uneil 10-* dilution, The detection limit was 10 fg of genomic
DNA. To evaluate the specificity of the 'C. M. haemobas’ - PCR,
DINA extracted from Mivoplasma haemocanis, Mycoplasma haemofelis,
Anaplasma marginale, Anaplasma centrale were used as DNA
emplares, PCR produces were analyzed on 1.5% Agarose gel stained
with commercial gel stain (SYBR™ Safe DNA, Invitrogen, Eugene,
OR, USA), The 100 bp ladder (Invirrogen, Eugene, OR, U3A)
was used 2s standard to initizlly determine the molecular mass of
PCR products. The presence of DNA inegrity and absence of PCR
mhibitoes in exerzcred samples chae tested negarive in PCR were
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‘Candidatus Mycoplzsma hzemobos’ has been reporeed using
molecular methods such as polymerase chain reaction (PCR) and
sequencing techniques in cattle from Switzerland, Germany, China,
and Japan (HOFMANN-LEHMANN et al., 2004; TAGAWA et al.,
2008; 5Ueral, 2000, HOELZLE et al., 2011). However, to the
author’s knowledge, no moleculzr detection has been reported to
date in the Americas. Accordingly, the aim of the present study
was to evaluare the occurrence of 'O M. hzemobos’ in Holstein
and Jersey carele raised in Londring and surroundings, norchern
region of the State of Parana, Southern Brazil.

A rorzl of 433 blood samples from dairy carele (Holstein and
Jersey) were collected berween July 2009 and June 2010, Informarion
relative @ the sex, age and hemarocrit of all animals was also obrained

‘.’.-".’.-".’.-'.Chp".-'.cﬂ ITh. h-l'lI fhp".-

' Candidatur Mycoplsma hasmobos’ in southern Brazil 343

evaluzre differences berween variahles; p < 0.05 was considered as
significant.

In the present study, DNA fragment of approximarely 300 bp
of the 165 rRNA gene of 'C. M. hzemobos’ was amplified from
264/433 blood samples of dairy cartle, There was no amplification
of DNA of any other agents used as specificity controls for
‘C. M. hzemobos’. Direct sequencing of PCR amplicons from
three representative samples confirmed thar che ampliﬁed partial
168 rRNA (368bp) sequence represented 'C. M. haemobaos’,
ranged from 98 to 100% of identity with the known sequences
in the GenBanlk dzrabase (EF616468, EF424082, EU367963,
EF460765, EFG16467), confirming the specificity of the PCR.
The sequences were deposited in the GenBank darabase under
accession numbers [N314393, [N314394 and JN314395.
Moreover, the present results have shown 2 high occurrence of
‘C. M. haemobos’ in dairy catdle from Southern Brazil, with
61.0% of positive animals,

A phylogenetic tree based on partial sequences of 165 rRNA
genes (368 bp) found was produced applying the Neighbor-Joining
method (Figure 1}, The boorserap values, caleulared from 1000
replicates, show the percentage of replicate trees in which the
associated ratio clustered rogether. The phylogeneric tree, sequence
alignments, and identiry tables (data not shown) were created by
using Molecular Evolutionary Geneties Analysis (MEGA) software
version 4.0 {TAMURA e al., 20071,



eonfirmed by the successful amplification of 2 housekeeping gene
fragment (glyceraldehyde-3-phosphate dehydrogenase - GAPDH)
(BIRKENHEUER et al., 2003). Amplicons with the expected size
were purified (QlAquick Gel Exerzction Kir, QIAGEN, Hilden,
Germany) and submirted o direcr sequencing using 2 commercial
sequencer (ABI Prism 3100 Genetic Aml}'zer,ﬁpplied Biosystems,
Foster Ciry, CA, USA); sequences were submitted to BLAST (Basic
Local Alignment Search Tool, Matonal Cenrer for Biotechnology
Information, 1.5, National Library of Medicine 8600 Rocloville
Pike, Bethesda, MD, 20894, TISA) to determine identity o other
hemotropic Mycoplasma species. Epi info™' software was used o
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Categorical variables were compared between PCR-pasitive
and negative cattle using chi-square test. The hemoplasma-
infected cartle in the present study did not appezr to be clinically
affected; no seatistically significant differences in hemaroerit
were found berween PCR-positive (ranged from 20% to 47%,
averzge = 31.76 £ 5.21) and PCR-negative (ranged from 19% to
43%, average = 31.52 = 4.95) animals (p = 0.054), Furthermore,
no statistical differences were observed for anemic animals
ip =0.443). Animals sbove two years old (p = 0.001), and females
{p = 0.002) presented higher occurrence of positive PCR. These
resules are consistent with the fact char females seay longer in the

Candidarus mycoplasma baemobos, EFG1 6468

;HLWI.'Jf.ﬁrJra sp- China-1, EF4 24082

Candidirns wycoplionad faemobor PR/ Brazil-02, [N314394
Candidarus mycoplanma bavmobas PR/Brazil-01, [N314393
ot el m_}nw_lh'.'rr:m Frcteraniobos PRI Brazil-03, JH314595

o0 | Mycoplasea haerocani, AY329041
100 Mypcoplama haemafelis, AF348631

Mycaplasma haemomuriz, UB2963

Candidatus m.}ral.':-.ﬂ-frm.f FRFECERIET, LHH 25449
ﬂf,'mﬁ.l'rum.e raerr, AFO29394

L0l _|——."I-'{:|-L'ﬁp|’a'm.w ards, AF338268
B2

."I-'!_’;r:ﬂ_p«i:rm:.r R, AT MGG

0.0z

My'r:p.fmm.-r puewmoniae, M2906G]

Figure 1. Phylogsnetic tree based on partial sequence analysis of 165 rRINA genes showing the cluscering of the three cacde hemotropic iso-
lapes among the hemotro pic ;L!j'm]zr.f.:z':m group. The tree shown was Ecncratcd appl}'lng the f\]clgh hnr—]ﬂlnlng method (MEGA 4.1 software;
TAMURA =cal, 2007). J—:f}'m];ricz'rrmpn eumoniae was used as out-group. The numbers at the nodes indicars bootserap values in percent (1000

bootscraps). Mumbers in brackers are GenBank accession numbers,

144 Girotto, A et al

herds and, consequently, are more exposed to potential vectors
(SMITH et al.,, 1990). Considering the frequency of vectors from
our region in cattle, such as, Rhipicephalus (Boophilus) microplus
and Stomaxys caleitrans, these species could be involved in the
rrznsmission of this pathogen; however, this ohservation needs
furcher investigation,

The 61.0% of positive animals reported in this study represents
the first epidemiological information of cartle infected with
‘C. M. haemobaos’ in Brazil, The epidemiological studies of cartle
infected with this hemoplasma are from Hungary (HORNOK et al,,
2012) and Swiretland (MELT et al., 2010), where 87.3% of animals

Bev. Bras. Parasitol. Vet

samples. [ Clin Microbiol 2003; 41(9): 4172-4177. PMid: 12958243,
PMCid: 193857 heps/dx.doiorg/10.1128/JCM.41.9.4172-4177.2003

Hoalzlz K, Winkler M, Kramer MM, Wictenbrink MM, Disckmann
SM, Hodzle LE, Dercrion of Candidarus Mycuph_sma hasmohbos in
arde with anaemia. Ve [ 2011; 187(3): 408-410. PMid: 20188610,
heep://de.doiorg/10.1016/).0vjl. 2010.01.016

Hotmann-Lehmann B, Meli ML, Dreher UM, Géncai E, Dcp|a.zcs
P Braun U, et al. Concurrent infecrions with vecor-borne p.arh-ug-:m
associared with faral hemolyric anemiain a carde herd in Swizerland. [T
Microbiol 2004; 42(8): 3775-3780. PMid: 15297529, PMCid:497630.
heep://dx.dotorg/ 10,1128/ JCM.42.8.3775-3780.2004



were found positive during an outbreak of bovine anaplasmosis
and 63.4% of fatal cases were of anemic cows, respectively.

It is imporeant to emphasize thae in the present study, the
animals were apparentdy healthy, and there was no significane
seatistical difference berween hemarocrit and positive and negarive
animals. Meli et al. (2010) found thar the majority of positive
animals were healthy; this resule was similar to the findings of
this research, where 50.8% of healthy animals were also posirive
for 'C. M. hzemobos”. In che present study, it was not possible
to derermine whether the positive animals for €. M. haemobos’
had presented the disease in the past, especially because the region
studied presents a high incidence of anaplasmosis and other
hemoparasites in the heeds (ANDEADE ecal, 2001).

Although the resules indicate high occurrence of
‘C. M. haemobos’ within the healthy dairy carele population
of Northern Parana, Southern Brazil, infected animals may
represent chronically asympromatic carriers and the impaer on
dairy production is yet to be esezblished. In addition, the resules
might have important implications on further studies regarding the
pathogenicity and molecular epidemiology of 'C. M. haemobos’,
To the author’s knowledge, this is the first report of detection and
occurrence of 'O M, haemobos in dairy carle in Brazil based on
molecular evidence,
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3.2 — Full Article

Molecular Diagnostic and Prevalence of the Anaplasma marginale and Anaplasma

centrale in Unvaccinated Carrier Cattle from Southern Brazil.

Abstract: Anaplasma marginale and Anaplasma centrale are obligate intracellular bacteria
that parasitize the erythrocytes of cattle and other ruminants. The anaplasmosis can be acute
or chronic in cattle and is most commonly found in tropical and subtropical regions of the
world, causing severe damage to the development of cattle of several countries. Cattle that
recover from clinical disease become carriers of Anaplasma spp and, due to the very low
amount of infected erythrocyte in this stage of the infection, the rickettsemia can be only
detected by molecular methods. The objective of this study was to detect the infection by A.
marginale and A. centrale in unvaccinated carrier cattle from four counties of southern Brazil.
PCR assay was used to assess the frequency of A. marginale and A. centrale infections in a
total of 433 blood samples of dairy cattle of rural settlements in the north of the Parana State,
Brazil. A pair of primers that amplifies a 155 bp fragment of the 16S rDNA of A. marginale
and a pair of primers that amplifies a 122 bp fragment of the gene 16S rDNA for A. centrale
were used. The DNA amplifications revealed that 89.14% (386/433) blood samples were
positive for A. marginale, 34.0% (147/433) were positive for A. centrale and 31.29% (135)
positive samples were co-infected. These results showed that cattle from studied area carry
the two Anaplasmas without present clinical signs of anaplasmosis, which is consistent with
the status of enzootic stability for the north region of Parana State. Furthermore, this is the
first report of A. centrale in Brazil found naturally parasitizing unvaccinated cattle.

Key words: Anaplasmosis. Dairy cattle. Molecular detection.

Introduction

Anaplasmosis is an important vector-borne disease of ruminants caused by
the intraerythrocytic rickettsiae of the genus Anaplasma (DUMLER et al., 2001). Based upon
location within the infected erythrocyte, two species of Anaplasma that infect cattle have been
described, Anaplasma marginale and Anaplasma centrale. Despite differences in virulence
and the different localization within infected erythrocytes (KOCAN et al., 2003), the two
rickettsiae are antigenically related. Since cross-protective immunity to A. marginale can be
acquired after A. centrale infection, the latter is used as a live vaccine for routine vaccination
of cattle in Middle East, Oceania, Africa and South America (SHKAP et al., 2008).

Diagnosis of bovine anaplasmosis is made by finding corpuscles of
Anaplasma in Giemsa-stained blood smears in animals clinically suspected, during the acute
disease, whereas it is not useful to detect pre-symptomatic and carrier animals. Several
serological tests have employed extensively for epidemiological studies, although they do not

discriminate between different Anaplasma species because of antigenic similarity (PALMER,
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1986). Molecular methods, with a high degree of sensitivity and specificity, have been
developed to identify A. marginale and A. centrale DNA (MOLAD et al., 2006).

Anaplasmosis caused by A. marginale is an economically important and
endemic disease of cattle in most tropical and subtropical regions of the world (PALMER et
al., 1986; GRISI et al., 2002), including South America (BARROS et al., 2005). Although
severe disease may also occur with A. centrale, it usually causes mild anemia in most cases
(CARELLI et al., 2008).

A. centrale is also widely distributed but has never been reported in southern
Brazil by PCR assay. In the present study, we applied PCR assays to detect and discriminate

field infection with A. marginale and A. centrale in cattle in southern Brazil.

Materials and Methods

Sample collection

Blood samples were collected from jugular vein of 433 Holstein and Jersey
dairy cattle (381 female and 52 male) ranging between 0 and 12 years from rural settlements
of four counties in the north of the Parana State (Figure 1), between July 2009 and June 2010.
The EDTA blood samples were obtained in vacuum tubes (Vacutainer, Becton Dickinson,
San Jose, CA) and kept frozen at —20 °C until DNA extraction. Hemogram using automated
equipment and the Giemsa stained blood smears were performed. The sample size was
calculated assuming a prevalence of 50% with a confidence level of 95% and efficacy of 5%
(Epilnfo — CDC Atlanta).

DNA extraction and polymerase chain reaction

For DNA extraction 200 pl of each blood samples was used. Total genomic
DNA was extracted using the DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany)
following the manufacturers’ instructions. Extracted DNA was eluted in 100 pl elution buffer
and stored at 20 °C until PCR analysis.

The amplification of the 16S rRNA of A. marginale and A. centrale was
performed by PCR with four sets of specific primers (Table 1). PCR was performed in a total
of 12,5 ul solution containing 0.2mM dNTP, 1.5 mM MgCl,, 0.2 uM each primer, 1.5 U Taq
DNA polymerase (Invitrogen, Carlsbad, CA) and 1 pl of DNA samples. Optimal PCR
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conditions included a pre-denaturation of 5 min at 95 °C, followed by 35 cycles of 94 °C for
40 sec, 59 °C for 40 sec, 72 °C for 1 min, plus a final extension step at 72 °C for 5 min. The
thermal conditions for amplification of the A. centrale were as for the A. marginale
amplification, except that the annealing temperature was 62 °C. In each test, distilled water
was included as a negative control and DNA of the A. marginale e A. centrale were included
as a positive control. All amplifications were carried out in Applied Biosystems thermal
cycler.

The PCR products were detected in 1.5% agarose gel electrophoresis then
stained with SYBR®Safe (Invitrogen, Eugene, OR, USA). After electrophoretic migration of
8 pl of amplified material, the PCR products were visualized using UV transilluminator. The
100 bp ladder (Invitrogen, Eugene, OR, USA) was used as standard for initially determine the
molecular length of PCR products. The presence of DNA integrity and absence of PCR
inhibitors in extracted samples that tested negative in PCR, was confirmed by the successful
amplification of a housekeeping gene fragment (glyceraldehyde-3-phosphate dehydrogenase -
GAPDH) (BIRKENHEUER et al., 2003). Amplicons with the expected size were purified
(QlAquick Gel Extraction Kit, QIAGEN, Hilden, Germany) and submitted for direct
sequencing using a commercial sequencer (ABI Prism 3100 Genetic Analyzer, Applied
Biosystems, Foster City, CA, USA) according to the manufacturer’s protocol. Partial
sequences of A. marginale and A. centrale obtained were submitted to BLAST analysis

(ALTSCHUL et al., 1990) to determine the closest similarities to corresponding sequences.
Results and Discussion

In the present study, DNA fragment of 155 bp of the 16S rRNA gene of A.
marginale was amplified from 89.4% (387/433) blood samples of dairy cattle while DNA
fragment of 122 bp of the 16S rRNA gene of A. centrale was amplified from 34% (147/433)
blood samples. Among these positive samples, 135 (31.29%) had double infection (Table 1).
Direct sequencing of PCR amplicons from three samples confirmed that the amplified partial
16S rRNA sequence represented A. marginale e A. centrale, with 100% of similarity with the
known sequences of A. marginale and A. centrale deposited in Genbank, by BLAST analysis,
PCR methods based on the 16S rRNA gene used allowed the discrimination between these
two species.

Previous epidemiological studies with dairy cattle performed in the north

region of Parana State had showed seropositivity rates for A. marginale ranging from 87.4%
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to 92.7%, a condition of enzootic stability (VIDOTTO et al., 1998; ANDRADE et al., 2001).
Our present finding is in consent with these previous seroepidemiological studies conducted
in the same area. By other hands, Marana et al. (2009) reported a seroprevalence of 58.74% in
mix bred cattle in the Center-Southern Region of the Parana State. Likewise, Yoshihara et al.
(2003) in the Umuarama Region, Northwest of Parana State found a prevalence of 76.10% in
Nelore bred cattle. Considering the criteria of enzootic stability or instability (MAHONEY et
al., 1980; MADRUGA et al., 1986) based on high or low rates of seroprevalence, Parana
state, South region of Brazil, can be considered stable or instable for anaplasmosis. This will
depend on several factors, such as, climate, animal bred, management and tick burden.

The A. marginale seroprevalence rate in Brazil, according to studies in other
regions, varies from 81.1 to 98.8% (RIBEIRO et al.,, 1984; OLIVEIRA et al., 1992;
DALAGNOL et al., 1995; ARAUJO et al., 1998; MADRUGA et al., 2000; SOUZA et al.,
2000; 2001) indicating that most area of the country can be considered in enzootic stability.

Although A. marginale can to be pathogenic, in our study the animals PCR
positive were healthy showing no clinical signs compatible with other disease or
anaplasmosis. According Kocan et al. (2010), the animals who suffer subclinical disease or
animals recovered from an acute infection by A. marginale become carriers and serve as a
reservoir of bacteria for up to seven years and are a source of infection for mechanical
transmission by ticks and other animals. This explains the high rate of infection with
Anaplasma spp. found in our study, with no obvious clinical signs of anaplasmosis and
indicates that the immunological system of these animals are already sensitized by the
presence and circulation of the parasites in the environment.

A. marginale subsp. centrale is a naturally attenuated subtype that has been
used as a vaccine for a long time. The immunization with A. centrale does not prevent
infection with A. marginale, but the severity of the disease is reduced and death is prevented
(VIDOTTO et al., 1998). After a single immunization with A. centrale most cattle remain
infected for 3-5 years (KRIGEL et al., 1992). An animal primarily infected with A. marginale,
or with the related vaccine subspecies A. centrale can be infected with the heterologous
subspecies, and carries both bacteria (SHKAP et al., 2008). The results of our study suggest
that this A. centrale vaccine strain is transmitted from one animal to another through natural
convection, as none of the animals in this study had been vaccinated. To date, there is no
report of prevalence of the A. centrale in Brazil, thus, it was not possible to compare our
findings with the prevalence of the disease in the same area or other areas. The results of

present study have three implications. Firstly, the A. centrale is reported at the first time in
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Brazil in carrier cattle. Secondly, the disease has a high prevalence in locality affecting a
significant number of animals. Thirdly, the potential role of R. B. microplus and hematophagous
insects in the transmission of A. centrale would warrant further studies.

Microscopic examination of Giemsa stained blood smears are used
traditionally to detect A. marginale and A. centrale during the acute phase of the disease
(TORIONI et al., 1998; BRADWAY et al., 2001; CARELLI et al., 2007). Due to the very low
amount of infected erythrocyte in the carrier cattle, this method is not reliable for detecting
pre-symptomatic or carrier animals (CARELLI et al., 2007). In these instances, the infection
is generally diagnosed by serologic demonstration of antibodies and currently by confirmation
by molecular detection methods. Our results showed that the traditional microscopic
examination of blood smears was not able to detect low bacteremia in carrier cattle because
inclusion bodies were recognized in only 3,23% (14/ 433) of blood smears, in agreement with
previously published data (ERIKS et al., 1989; 1993; KIESER et al., 1990; FRENCH et al.,
1998; TORIONI et al., 1998).

The high rate of infection without clinical signs in animals analyzed in our
study is explained by Palmer (2000) which states that persistently infected or carriers cattle
have lasting immunity and are resistant to the disease or to challenge with homologous strains
and partially protected against challenge with heterologous strains. No relevant hematologic
findings were found, however 21 animals presented hematocrit below 24%, but none had
severe anemia. At the same time, this is the first identification of A. centrale in unvaccinated

cattle from north Parané region.

Conclusion

In conclusion the present study indicated that anaplasmosis is highly
prevalent in northern of Parand State. The detection of persistently infected bovines is of
importance for determining the infection and immune status of the animals. In this study, PCR
has proven to be a powerful tool for detection and differentiating between of A. marginale and

A. centrale species parasitizing cattle.



36

References

Andrade, G.M, Vidotto, O., Vidotto, M.C., Yoshihara, E., Kano, F.S., Amaral, C.H.S.
Seroprevalence of Anaplasma marginale in dairy cattle and, studies on the dynamics of
natural infection of Holstein calves in Southern Brazil. Semina, Ciéncias Agrarias., Londrina,
V.22, n. 2, p. 155-159, 2001.

Araujo, F.R., Madruga, C.R., Leal, C.R.B., Bastos, P.A.S., Marques, A.P.C. Freqléncia de
anticorpos antiAnaplasma marginale em rebanhos leiteiros da Bahia. Arquivo Brasileiro de
Medicina Veterinaria Zootecnia, v. 50, n. 3, p. 243-246, 1998.

Barros S.L., Madruga C.R., Aradjo F.R., Menk C.F., Almeida de M.A.O., Melo E.P.S.,
Kessler R.H. Serological survey of Babesia bovis, Babesia bigemina, and Anaplasma
marginale.antibodies in cattle from semi-arid region of the state of Bahia, Brazil, by enzyme-
linked immunosorbent assays. Memorias do Instituto Oswaldo Cruz, n. 100, p. 513-517,
2005.

Birkenheuer, AJ., Levy, M.G., Breitschwerdt, E.B. Development and evaluation of a
seminested PCR for detection and differentiation of Babesia gibsoni (Asia genotype) and B.
canis DNA in canine blood samples. Journal Clinical Microbiology, v. 41, n. 9, p. 4172 -
4177, 2003.

Bradway D.S., Torioni de Echaide S., Knowles D.P., Hennager S.G., McElwain T.F.
Sensitivity and specificity of the complement fixation test for detection of cattle persistently
infected with Anaplasma marginale. Journal Veterinary Diagnostic Investigation, v. 13, n. 1,
p. 79-81, 2001.

Carelli G., Decaro N., Lorusso A., Elia G., Lorusso E., Mari V., Ceci L., Buonavoglia C.
Detection and quantification of Anaplasma marginale DNA inblood samples of cattle by real-
timePCR. Veterinary Microbiology. n.124, p. 107-114, 2007.

Carelli G., Decaro N., Lorusso E., Paradies P., Elia G., Martella V., Buonavoglia C., Ceci L .
First report of bovine anaplasmosis caused by Anaplasma centrale in Europe. Annals New
York Academi Science, n. 1149, p. 107-10, 2008.

Dalagnol, C. A.; Martins, E.; Madruga, C. R. Prevaléncia de anticorpos contra Babesia bovis,
Babesia bigemina, Anaplasma marginale em bovinos de corte na regido de clima Cfb. Revista
Brasileira de Parasitologia Veterinaria, v. 4, n. 2, p.220, 1995.

Dumler J.S., Barbet A.F., Bekker C.P., Dasch G.A., Palmer G.H., Ray S.C., et al.
Reorganization of genera in the families Rickettsiaceae and Anaplasma taceae in the order
Rickettsiales: unification of some species of Ehrlichia with Anaplasma, Cowdria with
Ehrlichia and Ehrlichia with Neorickettsia, descriptions of six new species combinations and
designation of Ehrlichia equi and “HGE agent” as subjective synonyms of Ehrlichia
phagocytophila. International Journal Systematic Evoutionary Microbiology, n. 51, p. 2145-
2165, 2001.



37

Eriks I.S., Palmer G.H., McGuire T.C., Allred D., Barbet A.F. Detection and quantitation of
Anaplasma marginale in carrier cattle by using a nucleic acid probe. Journal Clinical
Microbiology, n. 27, p. 279-284, 1989.

Eriks I.S., Stiller D., Palmer G.H.. Impact of persistent Anaplasma marginale rickettsemia on
tick infection and transmission. Journal Clinical Microbiology, n. 31, p. 2091-2096, 1993.

French D.F., McElwain T.F., McGuire T.C., Palmer G.H. Expression of Anaplasma
marginale major surface proteinvariants during persistent cyclic rickettsemia. Infect
Immunology , n. 66, p. 1200-1207, 1998.

Grisi, L., Massard, C.L., Borja, G.E.M., Pereira, J.B. Impacto econbmico das principais
ectoparasitoses em bovinos no Brasil. A Hora Veterinaria, v. 21, n. 125, p. 8-10, 2002.

Kieser S.T, Eriks LS, Palmer G.H . Cyclic rickettsemia during persistent Anaplasma
marginale infection of cattle. Infect Immunology, n. 58, p. 1117-1119, 1990.

Kocan, K. M., J. De La Fuente, A. A. Guglielmone, A.N.D., Melendez R. D. Antigens and
alternatives for control of Anaplasma marginale infection in cattle. Clinical Microbiology, v.
16, p. 698-712, 2003.

Kocan, K. M.; Fuente, J.; Blouin, E. F.; Coetzee, J. F.; Ewing, S. A. The natural history of
Anaplasma marginale. Veterinary Parasitology, v. 167, n. 2-4, p. 95-107, 2010.

Madruga, C.R.; Marques, A.P.C.; Leal, C.R.B.; Carvalho, C.M.E.; Araljo, F.R.; Kessler, R.H.
Evalution of an enzyme-linked immunosorbent assay to detect antibodies against Anaplasma
marginale. Pesquisa Veterinéria. Brasileira. n. 20, v. 3, p. 109-112, 2000.

Marana, E.R.M.; Dias, J.A.; Freire, R.L.; Vicentini, J.C.; Vidotto, M.C.; Vidotto,
O. Seroprevalence of Anaplasma marginale in cattle from Center-South Region of Parana
State, Brazil by a competitive ELISA test with recombinant MSP5-PR1 protein. Revista
Brasileira de Parasitologia Veterinaria, v. 18, n. 1, p.20-26, 2009.

Molad T., Mazuz M.L., Fleiderovitz L., Fish L., Savitsky I., Leibovitz B., Molloy J.,
Jongejan F., Shkap V., Krigel Y. Molecular and serological detection of A. centrale- and A.
marginale-infected cattle grazing within an endemic area. Veterinary Microbiology, n. 113, p.
55-62, 2006.

Noaman V, Shayan P, Amininia N. Molecular diagnostic of Anaplasma marginale in carrier
cattle. Iran Journal Parasitology, n. 4, p. 31-38, 2009.

Oliveira, A.A., Pedreira, P.A.S., Almeida, M.F.R.S. Doencas de bezerro. Il Epidemiologia da
anaplasmose no Estado de Sergipe. Arquivo Brasileiro de Medicina Veterinaria e Zootecnia,
v.44,n.5, p. 377-386, 1992.

Palmer G.H., Barbet A.F., Kuttler K.L., McGuire T.C. Detection of an Anaplasma marginale
common surface protein present in all stages of infection. Journal Clinical Microbiology, n.
23, p. 1078-1083, 1986.



38

Palmer, G.H.; Brown, W.C.; Rurangirwa, F.R. Antigenic variation in the persistence and
transmissionof the Ehrlichia and Anaplasma marginale. Microbes and Infectious, Paris, v.2,
p.167-176, 2000.

Ribeiro M.F.B., Patarroyo J.H., Santos J.L. & Farias J.E. Epidemiologia da anaplasmose
bovina no estado de Minas Gerais. |. Prevaléncia de anticorpos aglutinantes e fluorescentes na
Zona da Mata. Arquivo Brasileiro de Medicina Veterinaria e Zootecnia, n. 36, p. 425-432,
1984.

Shkap V., Leibovitzch, B., Krigel, Y., Molad, T., Fish, L., Mazuz, M., Fleiderovitch, L.,
Savitsky, 1. 2008. Concomitant infection of cattle with the vaccine strain Anaplasma
marginale ss centrale and field strains of A. marginale. Veterinary Microbiology. v. 130, p.
277-284, 2008.

Souza, J. C. P.; Soares, C. O; Madruga, C. R.; Massard, C. L. Prevaléncia de anticorpos anti-
Anaplasma marginale (Rickettsiales: Anaplasmataceae) em bovinos na mesorregido do médio
Paraiba. Ciéncia Rural, v.31, n. 2, p. 309-314, 2001.

Souza, J. C. P., Soares, C. O., Massard, C. L., Scofield, A., Fonseca, A. H. Soroprevaléncia de
Anaplasma marginale em bovinos na mesorregido Norte Fluminense. Pesquisa Veterinaria
Brasileira, n. 3, v.20, p. 97-101, 2000.

Torioni D.E., Echaide S., Knowles D.P., Mcguire T.C., Palmer G.H., Suarez C.E., Mcelwain
T.F. Detection of cattle naturally infected with Anaplasma marginale in a region of
endemicity by nested PCR and a competitive enzyme-linked immunosorbent assay using
recombinant major surface protein 5. Journal Clinical Microbiolology, n. 36, p. 777-782,
1998.

Vidotto, M.C., Vidotto, O., Andrade, G.M., Palmer, G. H., Mcelwain, T. and Knowles, D.P.
Seroprevalence of Anaplasma marginale in Cattle in Parana State, Brazil, by MSP-5
Competitive ELISA. Annals of the New York Academy of Sciences, v. 849, p. 424-426, 1998.

Vidotto, O., Barbosa, C.S., Andrade, G.M., Machado, R.Z., Da Rocha, M.A. and Silva, S.S.
Evaluation of a Frozen Trivalent Attenuated Vaccine against Babesiosis and Anaplasmosis in
Brazil. Annals of the New York Academy of Sciences, v. 49, p. 420-423, 1998.

Yoshihara, E.,Vidotto, O., Yamamura, M. H., Marana, E. R. M., Pacheco, R., Silveira, A.
P. Studies of natural infection with Anaplasma marginale in nelore cattle in the Umuarama
Municipality, Parand State, Brazil. Revista Brasileira Parasitology Veterinary, v. 12, n. 1, p.
21-26, 2003.



39

Figure 1 - Map showing the localities of the collected samples in Parana State, Brazil.

Localities
® Arapongas
Ibipora
m Ortigueira
= Tamarana

Table 1 - Oligonucleotides sequences used in this study for amplification of 16S rDNA
gene fragment of Anaplasma marginale and Anaplasma centrale.

Oligonucleotides Amplicon (bp)
AmF 5TGCTTATGGCAGACATTTCCAT3’ 155bp
AMR 5’GGGAAAGAGGACAACCACACA3Z’
AcF 5" TGCAGTTGAGAAGTTCCGTATCA 3’ 122bp

AcR 5 TGTTGCCTTAGCTGGGTCAAT 3’

Table 2 - Positivity to Anaplasma marginale and Anaplasma centrale evaluated by PCR in
433 blood samples collected between July 2009 and June 2010 of cattle from
Parana State localities, Brazil.

Positive Positive )
o Co-infected  Total samples
Localities samples for A.  samples for A. )
) samples by region
marginale centrale
Arapongas 196 (50,77%) 111 (75,51%) 102 (75,55%) 222 (51,27%)
Tamarana 46 (11,91%) 6 (4,08%) 6 (4,44%) 53 (12,24%)
Ibipord 100 (25,90%) 9(6,12) 9 (6,66%) 110 (25,40%)
Ortigueira 44 (11,39%) 21(14,28%) 18 (13,33%) 48 (11,08)

Total 386 (89,14%) 147 (33,94%)  135(31,17%) 433 (100%)
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4 CONCLUSOES

*A PCR é uma ferramenta eficiente na deteccdo e diferenciacdo entre as
espécies Anaplasma marginale e Anaplasma centrale em bovinos

naturalmente infectados;

/A PCR ¢é uma ferramenta eficiente para deteccdo de ‘Candidatus

Mycoplasma haemobos’;

*A PCR com primers especificos para Anaplasma centrale realizada neste
estudo possibilitou o primeiro relato de detec¢do molecular desta espécie em
bovinos leiteiros pertencentes a assentamentos rurais da regido norte do

Estado do Paranna;

*A PCR com primers especificos para ‘Candidatus Mycoplasma haemobos’
realizada neste estudo possibilitou o primeiro relato das Américas da
deteccdo molecular e prevaléncia deste micoplasma hemotrépico em

bovinos;

*Anaplasmose apresenta elevada prevaléncia nos bovinos leiteiros de

assentamentos rurais da area estudada;

*A infecgéo por ‘C. M. haemobos’ ndo mostrou relagdo com a ocorréncia de

anemia.
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APENDICE A

D000 00 00 060 6060 800606

100ph —»

0 6 0 G 60 B 0 @O 60 60 @ B g p DO OO @

——

100pb —»

Deteccao especifica por PCR de um fragmento de 155pb do gene 16S rDNA de A. marginale,
visualizado em gel de agarose a 1,5% corado com Syber Safe. Os retangulos brancos indicam
0 padrdo de tamanho molecular (PM) (Invitrogen™ Life Techonologies, EUA), controle
positivo (C+), controle negativo (C-) e amostras de n°46 a 82.
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APENDICE B

M C+ Amostras C-

100pb —»

Deteccdo especifica por PCR de um fragmento de 122pb do gene 16S rRNA de A. centrale,
visualizado em gel de agarose a 1,5% corado com Syber Safe. O retangulo branco indica 0 0
padrdo de tamanho molecular (PM) (Invitrogen™ Life Techonologies, EUA), controle
positivo (C+), controle negativo (C-) e amostras de n°1 a 19.
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APENDICE C

PV I -+ [ 66 L &7 B 66 SR 0 [N o0 SN o1 [N 92 BN 93 [ o4 BN 95 I o5 I o7 B o6 N 50 I 100 I 101 102 I C-

500ph —»

PM[C+ ) (103 1041105, 106, 107 (108 109 ) L110 f 11110 1120 L 113) (11401115 10116 ) L1171 118 j0 119120

500ph —»

Deteccdo especifica por PCR de um fragmento de 500pb do gene 16S rDNA de ‘C. M,
haemobos’, visualizado em gel de agarose a 1,5% corado com Syber Safe. Os retangulos
brancos indicam o padrdo de tamanho molecular (PM) (Invitrogen™ Life Techonologies,
EUA), controle positivo (C+), controle negativo (C-) e amostras de n°86 a 120.
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APENDICE D

Tabela de resultados da detec¢do por PCR de Anaplasma marginale, Anaplasma centrale e
‘Candidatus Mycoplasma haemobos’ nas 433 amostras de sangue bovino testadas.

Amostras A.centrale A. marginale ‘C. M. haemobos’
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Amostras
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Amostras
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ANEXO A
Anaplasma marginale o
N
PREPARACAO DO MIX A 2

Reagentes Volume (12,5ul)
H20 4,12l

Mix (dNTP + MgCly) 6,25 pl
PrimerF 0,5ul

PrimerR 0,5ul

Taq (5U/ul) 0,13ul

DNA 1pl

Total 12,5ul

TERMOCICLADOR

Ciclo de temperatura: “AMARG”
5 —95°C

40" —94°C

40" —59°C 35x

1"—72°C

5 —72°C

PRIMERS (amplicon de 155pb)

5 TGCTTATGGCAGACATTTCCAT 3
5 GGGAAAGAGGACAACCACACA 3
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ANEXO B
Anaplasma centrale
PREPARACAO DO MIX
e
Reagentes Volume (12,5ul) ) 4
H20 4,12l
Mix (dNTP + MgCly) 6,25 pl
PrimerF 0,5ul
PrimerR 0,5ul
Taq (5U/ul) 0,13ul
DNA 1l
Total 12,5ul

TERMOCICLADOR

Ciclo de temperatura: “AMARG”
5 —95°C

40" —94°C

40" —62°C 35X

1"—72°C

5 —72°C

PRIMERS (amplicon de 122pb)

5 TGCAGTTGAGAAGTTCCGTATCA 3
5" TGTTGCCTTAGCTGGGTCAAT 3’
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ANEXO C
‘Candidatus Micoplasma haemobos’
PREPARACAO DO MIX
Y

Reagentes Volume (12,5ul) ) 4
H20 4,12l
Mix (dNTP + MgCly) 6,25 pl
PrimerF 0,5ul
PrimerR 0,5ul
Taq (5U/ul) 0,13ul
DNA 1pl
Total 12,5ul

TERMOCICLADOR

Ciclo de temperatura: “HAEMOBOS”
5 —95°C

30" —94°C

2'—64°C 35X

1'—72°C

5'—72°C

PRIMERS (amplicon de 500pb)

5'ATC TAACATGCCCCTCTGTAZ
S'GTAGTATTC GGT GCAAACAA T



