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RESUMO

MARTINS, K. R. Dinamica Populacional de Rhipicephalus (Boophilus)
microplus e niveis de infec¢céo estimada por qPCR dos Agentes da Tristeza
Parasitaria Bovina em Animais da Raca Nelore e Cruzados (Angus/Nelore)
no Cerrado. 2022. Doutorado em Ciéncias Veterinéarias - Programa de Pos-
Graduacdo em Ciéncias Veterinéarias. Faculdade de Medicina Veterinéaria e
Zootecnia, Universidade Federal de Mato Grosso do Sul, Campo Grande,
MS, 2022.

Anaplasma marginale, Babesia bigemina e Babesia bovis sdo agentes
reconhecidos no Brasil por causar a tristeza parasitaria bovina (TPB), doenca
transmitida pelo carrapato Rhipicephalus microplus. O carrapato e a TPB podem
causar prejuizos diretos a saude animal como anemia hemolitica, aborto,
diminuicdo da producdo e mortalidade em bovinos e prejuizos indiretos com
insumos, mao de obra para controlar o carrapato e tratamentos para o0
hospedeiro. De forma geral, esses agentes também podem persistir em
rebanhos bovinos sem quaisquer sinais clinicos. Este estudo teve como objetivo
correlacionar o niamero de carrapatos com a quantidade de transcritos pela
reacdo em cadeia da polimerase quantitativa (QPCR) visando os genes msp1a
(A. marginale), cbisg (B. Bigemina) e cbosg (B. bovis) em bovinos Brangus
(Angus x Nelore) e Nelore sem tratamento acaricida no Cerrado brasileiro
durante 12 meses. Todos 0s animais testaram positivo para presenca de A.
marginale e B. bigemina, ja B. bovis ndo foi detectada por PCR e qPCR. Os
animais da raca Brangus apresentaram maior niumero de carrapatos quando
comparados com animais da ragca Nelore (p<0,05). Quanto aos resultados do
gPCR para A. marginale, os animais Brangus apresentaram maior nimero de
copias que animais Nelore (p<0,05). Para B. bigemina os animais Nelore
apresentaram maior numero de cépias que a raca Brangus (p< 0,05). Além disso,
ambas as racas ndo apresentaram diferenca estatistica significativa no ganho de
peso e na sorologia ao longo do ano. Nao foi possivel estabelecer uma
correlacdo estatistica para o0 niumero de carrapatos e o niumero de copias de A.
marginale e B. bigemina. Os animais ndo apresentaram qualquer sinal clinico de
anaplasmose ou babesiose, porém, foi detectada a presenca de A. marginale e
B. bigemina durante o periodo experimental, sugerindo que um baixo nimero de
carrapatos pode ser suficiente para manter uma situacao enzootica estavel.

Palavras chave: Anaplasmose, babesiose, diagnéstico molecular, gado de
corte.



Abstract

Anaplasma marginale, Babesia bigemina and Babesia bovis are agents
recognized in Brazil for causing cattle tick fever, a disease transmitted by the tick
Rhipicephalus microplus. Both tick and cattle tick fever, can cause direct damage
to animal health such as hemolytic anemia, abortion, decrease in production and
mortality and indirect losses with inputs, labor to control the tick and treatments
for the host. In general, these agents can also persist in cattle herds without any
clinical signs. This study aimed to correlate the number of ticks with the amount
of transcripts by the quantitative polymerase chain reaction (QPCR) targeting
msp1a (A. marginale), cbisg (B. Bigemina) and cbosg (B. bovis) genes in Brangus
(Angus x Nellore) and Nellore cattle without acaricidal treatment in the Brazilian
Cerrado for 12 months. All animals tested positive for the presence of A.
marginale and B. bigemina, while B. bovis was not detected by PCR and gPCR.
Brangus breed showed a higher number of ticks when compared to animals from
the Nellore breed (p<0.05). As for the results of the gPCR for A. marginale,
Brangus animals had a higher number of copies than Nelore animals (p<0.05).
For B. bigemina the Nellore animals showed a higher number of copies than the
Brangus breed (p< 0.05). Furthermore, both races did not show a statistically
significant difference in weight gain and serology throughout the year. It was not
possible to establish a statistical correlation for the number of ticks and the
number of copies of A. marginale and B. bigemina. Animals showed no clinical
signs of anaplasmosis or babesiosis, however, the presence of A. marginale and
B. bigemina was detected throughout the experimental period, suggesting that a
low number of ticks can be sufficient to maintain a stable enzootic situation.

Keywords: Anaplasmosis, babesiosis, molecular diagnostic, beef cattle.
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1. INTRODUCAO GERAL

Segundo o Ministério da Agricultura, Pecuéria e Abastecimento no ano de
2021, sobre o valor da producédo agropecudria, a pecuaria de bovinos brasileira
movimentou R$150.942,4 e os estados da regido Centro-Oeste lideram com
R$58.258,80 (38,59%) desta producao.

A pecuéria de corte, apesar da grande producdo, enfrenta graves
prejuizos diretos e indiretos sendo um dos principais responsaveis 0
Rhipicephalus microplus, conhecido como “carrapato do boi” e espécies
patogénicas dos géneros Anaplasma e Babesia por ele transmitidas,
responsaveis pela “tristeza parasitaria bovina” (TPB). Segundo Grisi et al (2014)
estimam-se que 0s prejuizos causados por este ectoparasita cheguem a 3,24
bilhnGes de dodlares ao ano no pais, sendo estas perdas econdmicas diretas
devido a reducdo na producao de leite, carne, danos ao couro, infertilidade
temporéaria de machos e fémeas, além de custo para prevencao e tratamento.
Os prejuizos indiretos séo resultantes dos custos de mao-de-obra necesséria
para o seu controle, assim como, das demais despesas com construcdo e
manutencdo infraestrutura, compra de equipamentos, aquisicdo de
carrapaticidas, entre outros gastos (GOMES, 2001; AGUIAR, 2016).

Tais prejuizos poderiam ser mitigados utilizando estratégias adequadas
para o combate ao carrapato, pois um dos principais métodos utilizados, o
tratamento quimico, pode ndo apresentar efetividade adequada (HIGA et al.,
2016), devido ao surgimento de resisténcia as diversas geracdes de acaricidas,
permitindo o desenvolvimento do carrapato e a transmissdo de patdgenos ao
hospedeiro, que no caso da TPB contribui para o aumento do numero de
portadores crénicos no rebanho (KOCAN et al., 2003; JACKSON et al., 2014).
Estes portadores cronicos, além de possivelmente apresentarem menor
produtividade e riscos de 6bito, também serdo reservatorios de agentes da TPB
para futuras gerag@es de carrapatos do boi. Além destes fatores uma tendéncia
no centro-oeste brasileiro para a criacdo de racas europeias ou até mesmo
cruzamentos entre racas europeias e zebuinas ndo adaptadas, com o intuito do
aumento da producéo de carne, porém ndo tem se mostrado efetiva no quesito

resisténcia a infestacdo de carrapatos e consequentemente geram perdas



econbmicas na cadeia produtiva devido a espoliacdo e transmissdo de
patogenos.

Este estudo propde relacionar o nimero de carrapatos, com a presenca
e quantificagcdo dos agentes da TPB ao longo de um ano em populacdes de

animais das racas Brangus e Nelore sem tratamento acaricida no Cerrado.

2. REVISAO DE LITERATURA

O Carrapato e sua biologia

Os carrapatos sao distribuidos mundialmente e sua ecologia esta
intimamente ligada as condicdes ambientais (ESTRADA-PENA et al., 2012).
Estes sdo ectoparasitas hemato6fagos obrigatorios e o segundo grupo de vetores,
sendo o primeiro 0s mosquitos, responsaveis pela transmissdo de uma grande
variedade de toxinas da prépria composicao de sua saliva, fungos, parasitas,
bactérias e virus patogénicos no processo de alimentacdo ao seu hospedeiro e
de grande importancia para medicina humana e veterinaria (JONGEJAN &
UILENBERG, 2004). Aproximadamente 10% das mais de 956 espécies de
carrapatos conhecidas tém importancia médica ou veterinaria (DE LA FUENTE
etal., 2017) e cada espécie de carrapato, dentro destes géneros, pode ser capaz
de transmitir multiplos patdégenos, infectando diversas espécies. Um Unico
carrapato, pode transmitir simultaneamente diversos patégenos a um hospedeiro
mamifero, durante o repasto sanguineo (JACQUOT et al., 2016).

Os carrapatos sao atraidos até seu hospedeiro por estimulos como a
liberacao de di6xido de carbono, temperatura, vibracdes, estimulo visual e odor
(OSTERKAMP et al., 1999). Além disso, nos locais onde o carrapato alimenta-
se, geralmente desenvolvem-se lesfes que predispdem seu hospedeiro as
infeccbes secundarias e até mesmo a subsequente oviposi¢do por moscas
(gerando miiases) que podem ser atraidas pelas areas com sangue (RECK et
al., 2014).

Os carrapatos séo classificados no Filo Arthropoda, Classe Arachnida e
subclasse Acari, diferenciando-se dos insetos por ndo possuirem antenas,
mandibulas e apresentarem uma fusdo completa entre cabeca, torax e abdome.,

pois seu corpo se divide em duas regides (tagmas) principais: o gnatossoma
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(anterior) e um idiossoma (posterior) (WALL & SHEARER, 2001; ESTRADA-
PENA et al. 2017). Também s&o classificados na ordem Ixodida divididos em
trés familias: Argasidae (Canestrini, 1890), Ixodidae (Murray, 1844) e
Nuttalliellidae (Schulze, 1935). Estes grupos tém como caracteristica geral de
desenvolvimento a passagem pelos estadios de ovo embrionado, larva, ninfa e
adultos, sendo a fase de larva diferenciada morfologicamente da ninfa e do
adulto por apresentar 3 pares de pernas. Os carrapatos podem apresentar ciclo
de vida monoxeno, onde realiza sua alimentagdo, trocas de instares e
reproducéo sobre um mesmo hospedeiro, descendo somente para a oviposi¢ao
ou ciclo heteréxeno onde pode realizar a alimentacdo e trocas de instares em
diferentes hospedeiros.

A familia Argasidae é definida por carrapatos moles, ou seja, dorso
desprovido de camadas esclerotizadas, tem o capitulo deslocado para a face
ventral, ndo tem areas porosas ou glandulas foveais e sua superficie corporal é
composta por uma série de discos e mamildes que aparecem tanto nos adultos
qguanto nas ninfas (WALL & SHEARER, 2001). Os Argasideos também possuem
somente um estagio larval, mas o numero de fases da ninfa pode variar entre 3
e 11, fato que € determinado pela frequéncia da ingestéo de sangue, regulando
um tamanho critico que permita sua muda até sua fase de adulto, que podera
ser diferenciado pela presenca de poro genital, ausente nos demais estadios
(CAMPOS PEREIRA et al.,, 2008). Os Argasideos geralmente tém habito
nidicola, vivendo préximo ao hospedeiro em ninhos/tocas, devido a sua
alimentacao ser mais rapida (geralmente por até 60 min) quando comparada a
carrapatos Ixodidae, que séo orientados pela fonte de calor mais préxima e
tendem a gastar o minimo de energia possivel na espera de seu hospedeiro. Nos
carrapatos moles, as ninfas e adultos de ambos o0s sexos se alimentam
rapidamente e se desprendem do hospedeiro, diversas vezes durante sua vida.
A alimentacédo e a oviposicdo sdo processos ciclicos e a performance alimentar
nao esta necessariamente relacionada ao acasalamento, pois as fémeas virgens
podem conservar nutrientes no intestino antes de copular (SOJKA et al., 2013).

A familia Nuttalliellidae inclui uma Unica espécie: Nuttalliella namaqua
(Bedford, 1931), restrita & Africa do Sul e & Tanzania. A familia Ixodidae é
conhecida como carrapatos duros, que tém o dorso parcial ou totalmente coberto

por camadas esclerotizadas, caracteristica que permite distinguir fémeas e
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machos adultos de algumas espécies respectivamente. Esta familia é composta
pelos géneros: Ixodes, Amblyomma, Rhipicephalus, Dermacentor,
Haemaphysalis, Cosmiomma, Aponomma, Margaropus, Rhipicentor e
Hyalomma.

Os carrapatos duros se alimentam uma vez por estagio da vida, sendo
gue as fémeas ovipdem e morrem. A alimentacdo destas fémeas consiste em
periodos longos (6-9 dias) seguidos de um rapido ingurgitamento (12-24h) que
equivale a dois tercos do total de volume de sangue consumido antes de se
desprender do hospedeiro (ARAMAN, 1979; SOJKA et al., 2013). Estes longos
periodos de alimentacdo sdo permitidos mediante a capacidade do carrapato
modular a composicao de sua saliva durante as diversas fases do processo de
alimentagcdo (NARASHIMAN et al., 2007; RIBEIRO & MANS, 2020), composta
por uma mistura complexa de peptideos e ndo peptideos capazes de neutralizar
a homeostase, imunidade e mecanismos de reparacdo de tecido de seus
hospedeiros (RIBEIRO & MANS, 2020). Entre estes compostos ha uma gama de
imunomoduladores, anticoagulantes e compostos hemostéaticos que permitem o
carrapato manter-se no sitio de alimentacdo despercebido. Além de auxiliar o
carrapato a manter-se fixo, a composi¢do salivar distorce o tipo de resposta
imune do hospedeiro direcionada ao tipo Th2, o que seria vantajoso para
transmissao de patdégenos pela saliva (NUTTAL & LABUDA, 2004; KAZIMIROVA
& STIBRANIOVA, 2013). Além disso o funcionamento do sistema complemento
do hospedeiro, que representa grande parte da resposta inata ativada por
microrganismos, provocando danos celulares, prejudicam o complexo antigeno-
anticorpo e levando a uma inflamacdo que seria prejudicial a alimentacdo do
carrapato (NARASHIMAN et al., 2020).

O Carrapato do Boi

A espécie R. microplus (CANESTRINI, 1888) seria originaria da Asia,
introduzida na maioria dos paises tropicais e subtropicais por meio da importacao
de gado deste continente, e sua ocorréncia tem sido assinalada em diversos
paises. (CAMPOS PEREIRA et al.,, 2008). No Brasil, a introducdo deste
carrapato provavelmente ocorreu no inicio do século XVIII por meio de

expedicOes e suas populacdes permanecem até hoje em todos os estados



independentemente de diferencas climaticas, porém observa-se a presenca de
diferentes haplétipos nas populacdes (CSORDAS et al., 2016). Algumas destas
populacdes apresentam maior nimero de gerac¢des anuais, tal como o cerrado
gue apresentava de 3 a 4 geracdes (GOMES et al., 1989), porém recentemente
estudos em ambiente tropical (CRUZ et al., 2020) e de Cerrado (NICARETA et
al., 2021) observaram 5 geracdes anuais de R. microplus, atribuindo tal diferenca
ao aumento da temperatura ambiental.

O carrapato R. microplus é popularmente conhecido como “carrapato do
boi” e tem uma ampla distribuicdo geogréfica pelo mundo, especialmente na
América Latina. Até o ano 2000 a espécie era denominada Boophilus microplus,
porém em estudo realizado por Murrell e Barker (2003), houve uma nova
classificagdo do género Rhipicephalus, renomeando-o para Rhipicephalus
(Boophilus), mantendo-se o género Boophilus como subgénero, facilitando a

recuperacao de documentos escritos anteriormente a esse estudo.
Rhipicephalus microplus (Canestrini, 1888)

Classificacdo da espécie de acordo com o Centro Nacional para

Informacéao Biotecnoldgica (NCBI-ID: 6941), dos Estados Unidos da América.
0 Reino - Metazoa

Filo - Arthropoda

Classe — Arachnida

Subclasse — Acari

Superordem - Parasitiformes

Ordem — Ixodida

Superfamilia — Ixodoidea

Familia — Ixodidae

Subfamilia — Rhipicephalinae

Genero — Rhipicephalus

O O 0o 0o o0 o0 ogoogo0go-

Subgenero — Boophilus

Espécie — Rhipicephalus (Boophilus) microplus

Apesar de Bos taurus e B. indicus serem os principais hospedeiros de R.
microplus, outros animais como equinos, ovinos, caprinos, bubalinos e cervideos
também podem ser hospedeiros (BECHARA et al., 2000).



O ciclo de vida do carrapato do boi é caracterizado como monoxeno (de
somente um hospedeiro) e estudado em dois momentos, a fase parasitaria e a
fase ndo parasitaria. A fase parasitaria inicia-se com a fixacdo da larva em
regides do corpo do hospedeiro que favorecem seu desenvolvimento, tais como:
Ubere, mamas, regides perineal, perianal, vulvar e entre pernas. Essas regifes
preferenciais de fixacdo s&o determinadas em funcdo da espessura,
vascularizacdo e temperatura da pele, bem como pela dificuldade de
autolimpeza do hospedeiro (WANGLAND, 1978).

O carrapato do boi também pode ser considerado reservatorio de virus,
bactérias, fungos e protozoarios de importancia zoonoética (DE LA FUENTE et
al., 2017) e a transmissdo dos mesmos ao carrapato pode ocorrer de maneira
interestadial ou transestadial, que ocorre quando h& a infeccdo em um estadio
de desenvolvimento e a transmiss@o ocorre no estadio seguinte e intraestadial
gue ocorre quando o macho adulto se infecta em um bovino portador e transmite
posteriormente para outro bovino sensivel (BURGDORFER & VARNA, 1967;
KOCAN et al., 2003). Além disso, no Brasil, R. microplus € o principal agente
responsavel pela tristeza parasitaria bovina (TPB), doenca causada por
riquétsias do género Anaplasma marginale (THEILER, 1910), protozoarios do
género Babesia bovis (BABES, 1888) e Babesia bigemina (SMITH & KILBORNE,
1893). Porém, a transmissao de alguns destes patégenos também pode ocorrer
por tabanideos (HORNOK et al., 2008), culicideos (EWING, 1981), transmisséo
transplacentaria (COSTA et al, 2016), transfusdes de sangue (AGUIRRE et al.,
1994; LOBO et al., 2013) e fomites contaminados (SHIELDS et al., 2015).

Resisténcia do bovino ao carrapato

A resisténcia e menor atratividade do bovino ao carrapato € influenciada
por inUmeros fatores epigenéticos os quais destacam-se: 1) o0 aumento da
histamina nos estagios iniciais da infestacdo (KEMP & BOURNE, 1980); 2) o tipo
e tamanho da pelagem (IBELI et al., 2012); 3) o comportamento de limpeza (DE
CASTRO et al.,1985); 4) o tipo de papila na lingua (VERISSIMO et al., 2015); 5)
0 aumento do numero de eosinofilos, basoéfilos e mastocitos (MORAES et al.,
1992; DE CASTRO & NEWSON, 1993); 6) a presenca de padrbes especificos
de imunoglobulinas (KASHINO et al., 2005) 7) e Células T (PIPER et al., 2010).



Pesquisas datadas da metade do século XIX descrevem o
comportamento de limpeza como extremamente importante para a diminuicao
do namero de larvas de R. microplus que se prendem ao hospedeiro, e associam
este fendbmeno a liberacdo de histamina pelos mastoécitos degranulados na area
em que a larva se fixa, sendo que a administracdo de anti-histaminicos em
taurinos e zebuinos aumenta a infestacdo de carrapatos (SNOWBALL, 1956;
KOUDSTAAL, 1978).

Andreotti et al. (2018) observaram comportamento semelhante em
bovinos da raca Nelore, muitas larvas de carrapato aderidas na pele dos animais,
porém estes estagios imaturos ndo se desenvolveram durante o periodo dos 18
dias observados, sugerindo que estes instares tentam se desenvolver, porém,
0os mecanismos de defesa do animal hospedeiro provavelmente inibem seu
desenvolvimento. Andreotti et al. (2018) também demonstram que animais de
origem europeia apresentam maior infestacdo de carrapatos, mesmo quando
criados junto com animais de origem zebuina.

Tabor et al. (2017) apontam alguns achados em comum a uma série de
estudos que procuravam identificar fatores de resisténcia e susceptibilidade em
taurinos e zebuinos como por exemplo a presenca de altas densidades de
células CD4+, CD25+ e yd T, que séo observadas consistentemente no gado
zebuino, a regulacdo positiva de IgGs pela maioria das pesquisas no gado
suscetivel ao carrapato, o complexo de histocompatibilidade Il (MHC II) e a
proteina de ligacdo ao calcio aparentam ter regulacdo positiva em racas
suscetiveis, sendo a Ultima associada a racas suscetiveis estudadas no Brasil.

Outros genes que sao consistentemente regulados positivamente em
bovinos incluem apolipoproteinas (transporte lipidico), lisoenzinmas
(antimicrobiano, encontrado em macréfagos e neutrofilos poli nucleares),
receptores Toll-like, fator nuclear kappa e seus ativadores ClQTNF7
(complemento C1q do fator de necrose tumoral relacionado com a proteina 7),
BCL10 (célula B CCL/ célula de linfoma) e alguns outros fatores complemento
(PIPER et al., 2008; FRANZIN et al., 2017). A IL-10 é considerada uma citocina
anti-inflamatéria apesar de ser induzida precocemente em bovinos suscetiveis,
porém, parece estar associada com a resisténcia de longo termo em bovinos Gir
no Brasil (FRANZIN et al., 2017).



A resisténcia adquirida a infestacdo de carrapatos ja foi relatada por
Trager (1939), que notou que, apos repetidas infestacbes de Dermacentor
variabilis em cobaias, o hospedeiro desenvolve resisténcia as infestacdes
consecutivas, mostrando um numero diminuido de larvas que obtiveram o
sucesso em se alimentar.

Também foi observado que o epitélio intestinal do carrapato se modifica
morfologicamente durante o processo de alimentacdo, especialmente durante a
re-infestacdo, devido a uma resposta imunolégica do hospedeiro que libera
anticorpos contra o parasita, que adquire resisténcia aos produtos secretados
pelo tubo digestivo e glandula salivar do carrapato (KEMP et al., 1986;
CAPERUCCI et al., 2009). Alguns relatos indicam que cerca de 60% das fémeas
de R. microplus ndo conseguem completar o processo de ingurgitamento devido
a mudancas no intestino e ndo conseguem ovipor, provavelmente em funcdo da
resposta imune do hospedeiro (KEMP et al., 1986; CAPERUCCI et al., 2009).
Estas mudancas no epitélio intestinal foram analisadas com infestacGes
sequenciais em um mesmo hospedeiro, revelando o desenvolvimento de
resisténcia ao carrapato (SHAPIRO et al., 1987; CAPERUCCI et al., 2009).

A imunidade adquirida a infestacdo de carrapatos se estabelece apés um
periodo de suscetibilidade a infestacao primaria (WAGLAND, 1978). Os perfis da
expressao génica em racas resistentes ao carrapato parecem coincidir com a
resposta mediada por células-T, enquanto os bovinos suscetiveis exibem uma
resposta inata e inflamatéria com altos niveis de IgG1 especificos do carrapato
(TABOR et al., 2017).

Um fato consistente é que o bovino resistente, mesmo ndo exposto ao
carrapato, parece estar preparado para uma resposta contra a primeira
infestacdo com presenca mais abundante de células y&T na pele, em
comparacao com bovinos suscetiveis (TABOR et al., 2017).

Piper et al. (2009) demonstraram que Bos inducus desenvolvem uma
resposta mediada por células T a infestag@o por carrapatos, evidenciando seu
perfil celular e leucocitario. J4 B. taurus apresenta uma expressao celular e
génica consistente com uma resposta inata, resposta inflamatoria a infestagéo,
além de altas titulacbes de IgG1 especificas ao carrapato, sugerindo que estes

animais também desenvolvem uma resposta por células-T a infestacéo.



O numero de mastocitos na pele varia de acordo com a raca segundo
Moraes et al. (1992), que analisaram bidpsias da area da virilha observando para
a raca Gir mais que o dobro do nimero de mastdcitos dérmicos em relagdo ao
gado Holandés. Enquanto que Lavielle et al. (1985) identificaram o dobro niumero
de mastocitos dérmicos na regido costal na raga Indubrasil quando comparados
com cruzados F1 (Holandés x Indubrasil).

Engracia et al. (2006) demonstraram que animais cruzados de segunda
geracdo (F2) adquiriram resisténcia contra R. microplus, provavelmente
associado ao numero de mastécitos dérmicos, concluindo que a infestagéo leva
a uma modificacdo ambiental na area parasitada pela migracdo massiva de
mastocitos para a area.

A raca zebuina tem se provado resistente as infeccées causadas por A.
marginali, B. bovis e B. bigemina, quando comparada com racas de origem
europeia (BOCK et al., 1997; 1999).

Anaplasmose

Segundo Raoult (1997) as riquétsias patogénicas multiplicam-se em
guase todos os fluidos e 6rgdos do carrapato, particularmente na glandula
salivar, permitindo a transmissao de organismos durante a alimentacdo e nos
ovarios, permitindo a infec¢cdo da prole. Algumas outras bactérias sdo capazes
de infectar os ovarios de carrapatos, porém nao infectam as glandulas salivares
gue por sua vez nao serdo transmitidas a hospedeiros vertebrados, onde
poderiam causar alguma doenca (BELL et al., 1963)

A anaplasmose é causada por bactérias Gram-negativas da familia
Anaplasmataceae na ordem das Rickettsiales que infectam persistentemente
(RISTIC & WATRACH, 1963) ruminantes causando morbidade, mortalidade e
diversas perdas econémicas (KOCAN et al., 2000). A infeccdo por Anaplasma
marginale (THEILER, 1910) é restrita a ruminantes, porém algumas outras
espécies como Anaplasma phagocytophilum, Anaplasma bovis, Anaplasma
centrale, Anaplasma platys e Anaplasma ovis podem causar doencas em ovinos,
bovinos, equinos, canideos e, até mesmo, em humanos.

De todos os exemplos, dois patbgenos em especial, A. marginale e A.
phagocytophilum, tém maior atencao devido a sua patogenicidade e persisténcia



no organismo do hospedeiro, pois invadem e replicam-se em células sanguineas
distintas (eritrocitos e neutrofilos respectivamente). Ambas desenvolveram
mecanismos de variagdo antigénica similares que resultam na evasao imune e
consequentemente na infeccdo persistente (DE LA FUENTE, et al.,, 2002,
BROWN & BARBET, 2016). Estas bactérias desenvolvem fungdes distintas para
causar disfuncdo imune, caracterizada pela exaustdo antigeno especifica CD4
em células T para A. marginale e uma imunossupressdo para A.
phagocytophilum (WOLDEHIWET, 2008).

Anaplasma marginale ndo provoca a ruptura da hemacia em sua saida e,
embora seja encontrada em varios tecidos do vetor, a transmisséo vertical no
carrapato € controversa. Além disso, A. marginale tem a capacidade de ser
transmitida mecanicamente por insetos hematéfagos (moscas, mosquitos,
tabanideos), por fomites contaminados (agulhas, aparelhos cirdrgicos), de forma
transplacentaria (COSTA et al., 2016) em alguns mamiferos ou transfuses com
sangue infectado (AUBRY & GEALE, 2011; SHIELDS et al., 2015).

Em cada fase de desenvolvimento, os carrapatos Ixodidae monéxenos se
alimentam somente uma vez e a bactéria, adquirida pelo carrapato do
hospedeiro durante a alimentacdo, s6 sera transmitida apdés a muda da sua
proxima fase de desenvolvimento (RAOULT, 1997). No hospedeiro invertebrado,
o ciclo bioldgico inicia com o repasto sanguineo, uma vez que 0 sangue contém
os eritrécitos infectados. As rickettsias ao chegarem no intestino do carrapato,
infectam as células intestinais onde se desenvolvem e migram para outros
tecidos do carrapato, incluindo as glandulas salivares, via esta utilizada para a
transmissdo da A. marginale para outros hospedeiros vertebrados (KOCAN et
al., 2010), porém, nem todo isolado de Anaplasma parece ser capaz de infetar o
carrapato (RUIZ et al., 2005).

As hemacias podem ficar aderidas as pecas bucais dos carraptos e
insetos ou instrumentos cirdrgicos, logo sendo inoculadas em outro animal,
causando problemas devido a grande capacidade de multiplicacdo de
Anaplasma (EWING, 1981). No hospedeiro vertebrado, o ciclo biologico da A.
marginale se inicia a partir da inoculacdo do patégeno no bovideo pelo vetor
invertebrado, que passa entdo a infectar as células sanguineas em poucos dias,

sendo que a multiplicacdo da rickettsia se da por fissdo binaria no citoplasma
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das células infectadas formando um vacuolo que pode conter de quatro a oito
corpusculos (KOCAN et al., 2003; 2010).

Na fase inicial da infec¢cdo, ocorre 0 aumento exponencial dos eritrocitos
infectados, mas esse aumento depende da suscetibilidade do hospedeiro, da
dose infectante e da patogenicidade da cepa de anaplasma (KOCAN et al., 2010;
AUBRY & GEALE, 2011). Quando a infeccéo é detectada pelo sistema imune do
hospedeiro vertebrado, os eritrécitos infectados sédo fagocitados por células do
sistema reticulo endotelial do animal, o que leva a ocorréncia da sintomatologia
clinica, tais como anemia e ictericia sem ocorréncia de hemoglobindria. Os
animais que sobrevivem a infeccdo tornam-se permanentemente infectados,
atuando como reservatorios (KOCAN et al., 2003). O periodo de incubacao da
infecgdo pode variar de 7 a 60 dias, dependendo da quantidade de vetores se
alimentando e da quantidade de bactérias inoculadas (KOCAN et al., 2003).

Tais animais apresentam baixa parasitemia e contribuem para a
manutencdo da endemicidade da doenca nos rebanhos (KOCAN et al., 2010),
associado ao uso indiscriminado da terapia farmacoldgica utilizando
tetraciclinas, antibiéticos de amplo espectro no tratamento e prevengao contra
uma gama de bactérias gram-negativas, gram-positivas, clamidia, micoplasma,
rickettsia e alguns protozoarios (MICHALOVA et al., 2004), pode levar ao
desenvolvimento de resisténcia a farmacos pelas anaplasmas devido a
mutacoes (COETZE et al., 2006).

Estudos recentes tentando eliminar o parasita de um hospedeiro crénico
nao tém obtido uma taxa satisfatéria na eliminacéo total do organismo, chegando
a um maximo de 50% utilizando farmacos de longa agéo (SARLI et al., 2021).
Além disso, a auséncia de uma vacina efetiva torna o desenvolvimento de
antibioticos efetivos essencial para o controle da anaplasmose, possibilitando a
remocao da infeccéo persistente dos rebanhos (SHAHABAZI et al., 2020).

Na maioria dos casos a doenca tem carater clinico subagudo
principalmente nos animais jovens, devido a intensa atividade do baco (GOFF et
al., 2001). A temperatura retal aumenta aos poucos e, ocasionalmente, excede
40,5 °C mantendo-se elevada ou flutuando em periodos irregulares de febre e
temperatura normal, mudando durante alguns dias ou durante até duas semanas

e a anorexia dificilmente é intensa.
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O animal pode vir a 6bito nesse periodo, porém muitos sobrevivem em
estado de caquexia e com prejuizo da fertilidade. As mucosas encontram-se
ictéricas e palidas, pois os parasitas infectam a série vermelha do sangue
(eritrdcitos), especialmente apos a fase aguda, ndo ocorrendo hemoglobinuria
(RADOSTITS, 2002). A auséncia de hemoglobinuria auxilia na identificacdo da
anaplasmose, diferenciando de outras doencas hemoliticas como babesiose,
theileriose, hemoglobindria bacilar, leptospirose e intoxicacdes (SMITH, 2006).

Estudos recentes utilizando técnicas moleculares identificaram diferencas
filogenéticas entre isolados de A. marginale obtidos de diferentes regides
geograficas (DE LA FUENTE, 2002), também demonstrando estas diferencas
podem se traduzir em mudancas na ecologia da doenca como a pressdo de
selecdo, manejo, tratamento e até mesmo constituicdo genética do hospedeiro
e de seus vetores artropodes (SHAHABAZI| et al., 2020; DALL'AGNOL et al.,
2021). Um exemplo € o isolado da Flérida que ndo era capaz de ser transmitido
pelo carrapato, enquanto que o isolado de Oklahoma era transmissivel (DE LA
FUENTE et al.,, 2002). Tal diferenca foi associada com mudancas no gene
MSP1a, sendo que essas observacdes poderiam ser extrapoladas para outras
diferencas filogenéticas que se traduziriam em susceptibilidade antimicrobiana.
Além disto, € possivel detectar-se infeccbes complexas, onde observa-se mais
de uma estirpe de A. marginale em um mesmo animal (KOKU et al., 2021), que
pode facilitar a sua persisténcia no hospedeiro (BROWN & BARBET, 2016).

A evasdao imune se da principalmente por uma das 6 proteinas
majoritarias de superficie (MSP’s) conhecidas, como a MSP5, MSP4 e MSP1
amplamente estudadas em diversas regides do mundo (DE LA FUENTE et al.,
2003a; DE LA FUENTE et al., 2003b; CABEZAS-CRUZ et al., 2013; MACHADO
et al., 2015; RAMOS et al., 2019). MSP1 é composta por dois peptideos ligados
nao covalentemente, MSPla e MSP1b (BARBET et al., 1987).

A MSP1la € uma proteina de 70-100 kDa (OBERLE et al., 1988) codificada
por um gene de coépia Unica e contém um variado niumero de nucleotideos de
repeticdo em tandem e cdpia Unica conservada durante a multiplicacédo no bovino
e no carrapato (BOWIE et al., 2002). Tal gene traduz uma adesina envolvida na
adesao de eritrécitos bovinos e células do carrapato e sdo amplamente utilizados
em estudos (KOCAN et al.,, 2003). Logo, sequéncias de MSPla tém sido
utilizadas para classificacdo de estirpes em determinadas populacdes devido a
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sua alta variabilidade e a MSP4 tem sido utilizadas como fator para definir
padrdes filogeograficos, por ser mais conservada (DELA FUENTE et al., 2004,
VIDOTTO et al., 2006)

Durante a fase aguda da doenca, o diagnostico é realizado pela
observacéo de A. marginale por esfregaco sanguineo (RIBEIRO & REIS, 1981),
porém, durante a fase cronica, este método ndo tem a sensibilidade necessaria
para detectar animais que portam niveis baixos de parasitemia (PALMER et al.,
1986, ECHAIDE et al., 1998). A detecc¢édo pode ser realizada também pelo ensaio
de imunoadsor¢ao enzimatica-ELISAs (RAMOS et al., 2010). No entanto, devido
ao grande numero de antigenos disponiveis atualmente, torna-se necessaria
uma avaliacao para definir quais antigenos apresentam um melhor desempenho
no diagndstico da anaplasmose. Conforme Garcia (2020), a soropositividade
indicada pelo ELISA utilizando antigeno total e a proteina de superficie MSP5
para A. marginale € baixa, apesar dos animais serem positivos nos ensaios de
gPCR, mostrando assim uma possivel evasdo apresentada pelo patégeno ou
imunossupressao causada pela presenca e atividade constante do patégeno.

Além disso, pode-se utilizar o método molecular que possibilita detectar a
presenca de DNA do patdgeno em amostras de DNA genémico extraidas a partir
do sangue de um animal e, dependendo dos primers utilizados, diferenciar a
presenca de algumas espécies anaplasma pelo método de PCR (ECHAIDE et
al, 1998) ou, até mesmo, detectar e quantificar o DNA do patégeno na amostra
pelo método do gPCR (RAMOS et al.,2010).

Babesiose

A investigacdo de Smith e Killborn (1883) realizada no sul dos Estados
Unidos, resultou na descoberta de uma misteriosa doenca que espalhava-se de
bovino para bovino por carrapatos servindo como vetor de transmissdo. Esta
doenca, mais tarde, ficou conhecida como babesiose, que & causada por
protozoarios da ordem Piroplasmida, do filo Apicomplexa, contendo as Babesias
e Theilerias, parasitas transmitidos por carrapatos de alta importancia em
animais domésticos e silvestres (ADL et al., 2012).

As quatro espécies principais, Babesia bovis (BABES, 1888), Babesia
bigemina (SMITH & KILBORN, 1893), Babesia divergens (M'FADYEAN &
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STOCKMAN 1911) e Babesia major, podem infectar os bovinos, sendo
transmitidas por um carrapato da familia Ixodidae, porém no Brasil, as de maior
predominancia e importancia sao B. bigemina e B. bovis. Apesar disso, existe a
identificacdo de espécies de Babesia infectando roedores, canideos, primatas,
equinos, cervideos (SCHNITTGER et al, 2012; SPRINGER et al.,, 2005;
ONYICHE et al.,, 2021). Babesia bigemina e B. bovis ndo parasitam outras
células de hospedeiros vertebrados além dos eritrocitos e a eficiéncia da
transmissao € atribuida pela saliva do carrapato, que provavelmente facilita a
infeccdo com sua atividade farmacoldgica antiinflamatoria/ imunossupressora
(KRAUSE et al., 2009).

Segundo o Center for Food Security and Public Health (SPIKLER, 2018),
B. bovis desenvolve-se em cerca de 2-3 semanas apds 0 carrapato anexar-se
ao hospedeiro. Na fase larval do carrapato existe um periodo de 2-3 dias para B.
bovis de 9 dias para B. bigemina se tornarem infectantes. Apos a infeccdo ha um
periodo de incubacdo de 10-12 dias para B. bovis, enquanto que, para B.
bigemina, um periodo de incubagé&o de 4-5 dias. Os sinais clinicos normalmente
aparecem cerca de 2-3 semanas apoés a picada.

Os sinais clinicos apresentados pelos animais acometidos pela babesiose
iniciam-se com um quadro de intensa apatia e prostracéo; as mucosas oculares
apresentam-se intensamente palidas ou amareladas, indicando anemia ou
ictericia, taquicardia, taquipinéia, edema, febre alta (acima de 40°C), pelos
arrepiados e asperos; urina com cor de chocolate (hemoglobindria) (WRIGHT et
al., 1989).

Nos casos de babesiose causada por B. bovis, os animais poderdo
apresentar sinais neuroldgicos, especialmente relacionados a locomocéo, como
andar cambaleante, incoordenacao, principalmente dos membros posteriores,
tremores musculares, agressividade e quedas com movimentos de pedalagem,
evoluindo para 6bito dentro de alguns dias. Tal morbidade ocorre devido a
eritrocitos infectados por B. bovis, diferente de B. bigemina, terem a capacidade
de aderir a células vasculares endoteliais e acumular em microvasos para evitar
a destruicao no baco (WRIGHT et al. 1989; ECHAIDE et al., 1998), fato que
reduz a microcirculacdo e leva o local a anoxia tecidual prejudicando 6rgaos
como os rins, pulmdes e cérebro (BROWN et al., 2006; SANTOS, 2013). Apesar
de B. bigemina ser considerada menos patogénica, é capaz de exceder de 10 a
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30% de eritrécitos parasitados, enquanto B. bovis, geralmente, ndo ultrapassa
1% (UILENBERG, 2006).

Animais jovens sao susceptiveis a infeccdo, porém seus sinais clinicos
sao brandos quando comparados a um animal mais velho infectado pela primeira
vez e animais com mais de trés anos de idade sem exposi¢do prévia a doenca
tem maior chance de desenvolver um grau superagudo e fatal da doenca
(RADOSTITS, 2002).

Quando um carrapato infectado se alimenta de um hospedeiro vertebrado,
esporozoitos presentes na glandula salivar migram para a corrente sanguinea
do hospedeiro em busca de eritrocitos (GOHIL et al.,, 2013). O esporozoito
penetra na membrana celular com o auxilio do complexo apical caracteristico
pelo processo de invaginagdo, formando um vacuolo parasitéforo (KAKOMA &
MELHLHORN, 1993), uma vez no interior da célula transforma-se em trofozoito
e desenvolve-se em dois merozoitos pelo processo de fissédo binaria (FRIEDOFF
et al., 1988; ANTUNES et al., 2017). Esta multiplicacdo é assincrona e
observam-se varios estadios de desenvolvimento na corrente sanguinea ao
mesmo tempo.

Apos este desenvolvimento ha o rompimento do eritrocito e cada
merozoito invade novas células. Alguns merozoitos dao origem a pré-
gametocitos (KARAKASHIAN et al., 1983) que, uma vez ingeridos pelo
carrapato, se desenvolvem em gametécitos e, apdés algumas, horas se
desenvolvem em corpos radiados. Estes gametas se fundem ao lumen do
intestino do carrapato originando uma célula (Zigoto) capaz de invadir as células
intestinais do carrapato, desenvolvendo a capacidade de mobilidade
denominada oocineto (MEHLHORN & PETERS, 1980; RUDZINSKA et al. 1979).

Posteriormente ha uma divisdo meiotica e a fuga das células do epitélio
intestinal, invadindo os demais tecidos do carrapato, inclusive nos ovarios,
resultando em ovos infectados. Uma subsequente multiplicacdo assexuada
ocorre, continuando o estadio de esporogbnio subsequente diferenciacdo em
esporocineto, e poderdao alcancar a glandula salivar do carrapato,
desenvolvendo o estadio final no carrapato conhecido como esporozoitos, sendo
capaz de infectar o hospedeiro vertebrado na préxima alimentacao do carrapato
(HOMER et al., 2000). Ao se alimentar novamente, o carrapato infecta-se ao

ingerir hemacias parasitadas, sendo que a infeccao da teledgina pode ocorrer
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nas ultimas 16-24h apds a ingestdo das hemacias parasitadas, que entdo sdo
digeridas, liberando merozoitos na luz intestinal da teledgina (CALLOW, 1968).

Babesia bovis é inoculada apenas por larvas do carrapato, sendo que 0
inicio do repasto sanguineo na larva e a temperatura corporal do bovino
estimulam a multiplicagdo dos estagios imaturos no carrapato. Babesias
multiplicam-se a partir de um esporozoito e posteriormente rompem as células
das glandulas salivares da larva, atingem o canal salivar e s&o inoculadas no
hospedeiro (MAHONEY & MIRRE, 1974).

O carrapato adulto é o principal vetor da B. bigemina para o bovino, sendo
gue as fémeas do carrapato apresentam risco de transmisséo transovariana e
um periodo de alimentacédo prolongado (FRIEDHOFF et al., 1988). Cada fémea
de R. microplus tem a capacidade de ovipor cerca de 2.000 ovos e foi proposto
por Mahoney e Mirre (1977) que os carrapatos teriam desenvolvido uma
estratégia de ovipor antes que os cinetos invadam o ovario e os embriées em
desenvolvimento, os primeiros ovos seriam colocados 72h apés a alimentacéo e
a primeira infeccdo de ovos apareceria apos 92h apdés alimentagéo e colocando
alguns ovos antes de serem infectados pelo parasita a fémea garantiria que a
progénie esteja livre de babesias.

E estabelecido que larvas de R. microplus ndo tém a capacidade de
transmitir B. bigemina para seu hospedeiro, porém esta é capaz de ser inoculada
nos bovinos de 8-10 dias apds o inicio da alimentacdo pelas ninfas e adultos
infectados devido presenca de esporozoitos (CALLOW E HOYTE, 1961; RIEK,
1964), enquanto que B. bovis é capaz de ser transmitida por larvas de 2-3 dias
apos o inicio da alimentacédo (CFSPH, 2008).

Larvas de R. microplus infectadas permitem afirmar que o periodo entre o
quinto e o 17° dia de incubacédo € o indicado para obtencdo das amostras de
hemolinfa e o diagndstico de B. bovis no carrapato vetor (BARREIRA et al.,
2005).

Imunidade inversa

Bezerros apresentam alta resisténcia a infec¢éo por babesias (TRUMAN
& BLIGHT 1978). Alguns autores afirmam que eles adquirem passivamente

imunidade do colostro por aproximadamente 2 semanas (MADRUGA et
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al.,1984), seguido de uma imunidade inata contra babesiose dos 3 aos 9 meses
de idade (GOFF et al., 2001).

Bezerros jovens também apresentam uma forte resposta inata
dependente do bacgo contra infecgdes iniciais de B. bovis envolvendo citocinas
reguladoras de tipo 1 como Interleucina-12 e interferon gama (IFN- y), que ativam
monadcitos em resposta a atividade microbiana (GOFF et al., 2003; 2006).

Alguns autores também atribuem esta resisténcia a idade, grande parte
parece relacionada a resposta imune inata devido a alta atividade eritropoiética
da medula, a diferengas nas respostas associadas a citocinas T-Helper 1 (Th1l)
e a liberacdo de oxido nitrico (NO) (BROWN et al., 2006). Porém, Brake et al.
(2012) analisaram a resposta de macréfagos frente a extratos de glandulas
salivares do carrapato e identificaram uma regulagdo negativa e dose
dependente de citocinas pro-inflamatdrias e promotoras de Thl e IL-12.

Em areas onde ha circulacdo de carrapatos e circulagcdo de doencas
transmitidas eles, ainda ha a necessidade de controlar a exposicdo de animais
jovens para manter a estabilidade enzootica. A resisténcia de populacfes de
carrapatos pode manter o balanco, particularmente quando os produtores
continuam a usar 0 mesmo acaricida apds a resisténcia ter sido identificada
(FOIL et al., 2004). Deve-se tomar cuidado pois o uso destes pesticidas para o
controle de outras pestes além do carrapato pode interferir na resisténcia e na
dispersédo de doencas associadas ao carrapato (FOIL et al., 2004).

Estudos utilizando extrato de glandula salivar e saliva de carrapatos
Dermacentor andersoni, Ixodes pacificus, I. ricinus, e R. sanguineus (HAJNICKA
et al., 2005) demonstram a capacidade de substancias com atividade anti-
citocinas de eliminar ou prevenir respostas do tipo Thl (MEJRI et al., 2001) tal
como o fator de necrose tumoral (TNFa), interferon gama (IFNy) e interleucina
1b(IL-1b), promovendo uma regulacdo positiva da interleucina-10 (IL-10) e
Interleucina-4 (IL-4), consideradas como resposta tipica de polarizacdo Th2
(BROWN et al., 1998).

A saliva do carrapato modula a resposta imune do hospedeiro para um
fendtipo Th2 (NUTTALL & LABUDA, 2004), que normalmente é associada a
moléculas como IL-4, 5 e 13 associadas a producdo de IgE e respostas
eosinofilicas podem beneficiar a transmissdo dos patdgenos transmitidos por R.

microplus como as babesias que seriam controladas facilmente por uma
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resposta do tipo Thl, que € associada a respostas pro-inflamatérias
responsaveis por eliminar parasitas intracelulares e perpetuar resposta imune
(BROWN et al., 1998; KAZIMIROVA & STIBRANIOVA, 2013).

Transmissdo ovariana de babesias ao carrapato e estabilidade enzodtica

De acordo com Mahoney e Mirre (1971) hd uma baixa porcentagem de
transmissao transovariana de Babesia, mesmo se infectam o animal durante a
fase aguda da doenca. As taxas de transmissdo sao de 20 a 40% para B.
bigemina e 0.5 a 14.5% para B. bovis, quando observado por microscopia.

Guerrero et al. (2007) relatam que fémeas de R. microplus ingurgitadas
em animais infectados produziram uma progénie com taxas de 12 a 48% de
larvas infectadas. Porém, larvas provenientes de fémeas repletas com baixos
niveis de infeccdo por cinetos demonstrados por microscopia e PCR
apresentaram infeccdo de 22 a 30% com capacidade de transmitir B. bovis
durante a alimentacdo. Ja para B. bigemina, Howell et al. (2007) também
observam 12 a 48% na progénie. Hussein et al. (2019) silenciaram a expresséo
do receptor de vitelogenina no ovario mediante RNA de interferéncia (iIRNA),
observaram a produc¢ao reduzida de ovos, menores taxas de desenvolvimento
embriolégico e menor eclodibilidade, além de interferir na transmissdo
transovariana de B. bovis, onde 0% das larvas injetadas com o iRNA estavam
infectadas e 12 e 17% dos grupos nao injetados apresentavam infec¢ao por B.
bovis.

Estudos utilizando a sorologia no Brasil apresentaram resultados
altamente variaveis dependendo da regido e do teste utilizado. No Mato Grosso
do Sul observa-se uma prevaléncia sorolégica de 23% para B. bigemina
(KESSLER et al.,, 1987). Alta incidéncia de B. bigemina € observada em
municipios da regido do Pantanal 87.7-98.9% em gado predominantemente
Nelore (MADRUGA et al., 2001).

Brito et al. (2013) e Silva et al. (2014) observaram alta incidéncia na regiao
amazonica para B bovis (Rondbnia 95.1, Acre 96.1% e Paré para B. bigemina e
B. bovis 97%) e atribuem estes altos indices as oOtimas condicbes para a
reproducéo de R. microplus. Vieira et al. (2019) observam 16 e 29% para B.

bigemina e B. bovis respectivamente no estado do Parana que atribuem a
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soroprevaléncia estar associada com o0 manejo individual das propriedades
rurais e as variacbes climaticas que interferem diretamente com o
desenvolvimento dos vetores.

Porém existem relatos de reacdo cruzada em testes de ELISA entre B.
bigemina e B. bovis utilizando o extrato total ou, até mesmo, diversos antigenos
recombinantes, devido ao polimorfismo antigénico apresentado por algumas
espécies de Babesia (FUJINAGA et al.,, 1980; MCELWAIN et al., 1988;
MACHADO et al., 1997, BOONCHIT et al.,, 2004), como por exemplo, a
observacgéo de antigenos comuns entre B. divergens europeia e B. bigemina e
B. bovis mexicana por Figueroa et al. (2006).

Segundo Mahoney e Ross (1972), a estabilidade enzootica € estabelecida
guando os limiares de soroprevaléncia entre 12 e 75% seriam suficientes para
proteger os bezerros de surtos de babesiose antes que a resisténcia inata para
a doenca clinica desapareca entre 6 e 9 meses de idade, isto asseguraria que a
maior parte dos animais estaria infectada e imune antes de alcancar uma idade
onde seriam susceptiveis a doenca

Entretanto, Jonsson et al. (2012) criticam este conceito de estabilidade
enzodtica e ndo recomendam a aplicacdo dele para modelos de estudo
hospedeiro-carrapato-patdgeno com carrapatos que ndo sejam R. microplus,
racas zebuinas e ndo estude doencas que ndo apresentam imunidade inversa
(A. marginale, B. bigemina, B. bovis). Estes autores ainda propdem que para
esta interacdo carrapato-hospedeiro-patégeno seriam necessarios dados
relacionando as taxas de infeccdo dos proprios carrapatos (GIGLIOTI et al.,
2018), a infestacao do gado com carrapato (GIGLIOTI et al., 2016; 2018), a soro
prevaléncia periddica e a incidéncia da doenca nos diversos genétipos animais.

Outro fator que pode prejudicar a aplicacéo é a limitagcdo na inabilidade de
garantir exposicao suficiente aos bezerros/gado pelo periodo (devido ao manejo,
clima e outras variaveis ambientais) € dependente do conhecimento da
propor¢cao do rebanho que esta imune, tal proporcao seria dificil de determinar
devido ao declinio da sensibilidade de testes sorol6gicos apds a exposicao,
necessitando acompanhamento anual, tornando 0 processo inviavel
economicamente (JONSSON et al., 2012).

Mecanismo de variacdo antigénica
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Além da capacidade de transmissao transovariana, B. bigemina e B. bovis
sdo alguns dos hemoparasitas capazes de estabelecer infeccbes crbonicas de
longa duracdo. Mesmo que seu hospedeiro bovino consiga estabelecer uma
resposta imune que controle a infeccdo, o parasita continua a proliferar na
corrente sanguinea em niveis de parasitemia que estdo abaixo da deteccao por
microscopia (O'CONNOR et al.,, 2000). Tal evento ocorre pela modificacdo
morfol6gica na forma de pequenas cristas na superficie de eritrécitos infectados
e diferentes modificagOes antigénicas ao longo da infeccdo como observado por
Curnow (1973).

Possivelmente esta capacidade de entrar em equilibrio seja explicada
pela capacidade de variar os antigenos contra a imunidade do hospedeiro, via
modificagdes sequenciais dos antigenos de superficie derivados (Variant
erythrocyte surface antigen - VESA) do parasita expressados na superficie de
células vermelhas infectadas (JACKSON et al., 2014), tornando seu hospedeiro

um portador permanente.

Controle da TPB utilizando farmacos

Dipropionato de Imidocarb e o aceturato de diminazeno sdo as Unicas
drogas anti-babesia autorizadas no mercado internacional que fornecem
protecdo de sinais clinicos por 3-6 semanas e oferecem uma imunidade estéril
no tratamento de bovinos (ZINTL, et al., 2003). O dipropionato de imidocarb é
uma diamidina aromatica com varios mecanismos de acdo (MCHARDY et al.,
1983; 1986) que interfere na producdo de poliaminas por parasitas, como por
exemplo Trypanosoma brucei (BACCHI et al., 1981). O Imidocarb é excretado
via figado e rim, sendo eliminado na urina e nas fezes, gerando um periodo de
caréncia de 30-241 dias dependendo do produto e dose utilizada.

Um nivel suficiente de parasitemia pode ser desenvolvido em animais
tratados com imidocarb para permitir o desenvolvimento da doencga subclinica
(RIZK, et al., 2019). Além disso, alguns animais com babesiose aguda néo
responderam ao tratamento com imidocarb e a resisténcia pode ser
desenvolvida (MOSQUEDA et al., 2012).

Para o tratamento da anaplasmose geralmente sdo utilizadas as
Tetraciclinas, antibiéticos bacteriostaticos que inibem a sintese de proteina se

ligando a subunidade ribossomal 30S de organismos susceptiveis (PLUMB,
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2002). A Oxitetraciclina, um derivado da Tetraciclina é uma das mais utilizadas,
porém a dose recomendada (STEWART et al., 1979) e nem repetidas aplicacdes
intramusculares de Oxitetraciclina de longa duracéo sao eficazes em eliminar a
anaplasmose de portadores crénicos (COETZE et al.,, 2005). Parasitemias
persistentes por um longo periodo de tempo podem ser consideradas uma
desvantagem, pois os parasitas podem tornar a se desenvolver sob condicdes
favoraveis, fazendo do individuo um reservatério da doenca, e parasitas

sobreviventes ao tratamento podem adquirir resisténcia (ZINTL et al., 2003).

Diagnostico molecular

Técnicas de biologia molecular foram desenvolvidas com o intuito de
detectar certas moléculas, desde aminoacidos a proteinas e complexas
interacdes entre células e organismos. Na medicina veterinaria tais técnicas séo
corrigueiramente utilizadas para o diagnostico de doencas infecciosas e
parasitarias, producdo de proteinas e vacinas terapéuticas, terapias génicas,
genotipagem, deteccdo de resisténcia em patdégenos e perfil genético de
individuos e a sua associacdo com doencgas.

Quanto a aplicacdo das técnicas da biologia molecular, a reacdo em
cadeia da polimerase (PCR) desenvolvido por Kary B. Mullis na década de 80
culminando na publicacdo de 1986 “Specific Enzymatic Amplification of DNA In
Vitro: The Polymerase Chain Reaction” € uma das mais difundidas. A partir dessa
técnica que consiste na amplificacdo de uma sequéncia especifica de DNA pelo
do uso de enzimas, diversas variacdes foram desenvolvidas, dentre elas a PCR
guantitativa em tempo real (qQPCR) desenvolvida por Higuchi et al. (1992,1993)
gue poderia monitorar a PCR pela adicdo de marcacdes fluorescentes que se
ligavam ao produto de PCR acumulado, logo aumentando o sinal da
fluorescéncia concomitantemente ao nimero de produtos de PCR.

Isto conferiu a técnica a capacidade de detectar e quantificar pequenas
guantidades de material genético sendo amplificado em uma gama de amostras
e fontes. Esta ideia foi aprimorada e atualmente ha duas maneiras dominantes
de detectar fluorocromos: pela inclusado de corantes fluorescentes que se ligam
ao DNA ou probes de nucleotideos. Corantes fluorescentes que se ligam ao DNA
como o SYBR Green, quando livres na solugdo, emitem 0 excesso e energia

como vibracional, porém, quando a amplificacdo do alvo da PCR ocorre, essa
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molécula se liga ao DNA e assume uma nhova conformacdo, emitindo
fluorescéncia.

A outra maneira é monitorar a reacao incluindo uma sequéncia de
oligonucleotideos marcada ou para maior especificidade uma terceira sequéncia
de oligonucleotideos associada a um fluorocromo que se encaixa entre a
sequéncia de par de primers, como por exemplo as sondas Tagman. A partir de
seu desenvolvimento, foram geradas técnicas para a quantificacdo de
microrganismos, determinagédo de dosagem génica, identificacdo de transgenia,
uso forense e deteccao de cancer.

Entre estas técnicas, o limite de deteccdo (a menor quantidade de analito
mensuravel em uma amostra que pode ser detectada, entretanto nao
guantifichAvel com valor exato) e posteriormente o limite de quantificacdo (a
menor quantidade mensuravel em uma amostra que pode ser quantitativamente
determinada com precisdo aceitavel sob condicbes experimentais) foi
aumentando com o desenvolvimento de novas plataformas dependendo do tipo
de amostra (FOROOTAN et al., 2017).

Tais diferencas podem ser detectadas, por exemplo, em momentos de
baixa parasitemia de animais portadores dos agentes da TPB, onde ndo €&
possivel a deteccdo pelo método de esfregaco ou, até mesmo, quando a
titulagcdo de iELISA encontra-se baixa devido a evasdo do sistema imune do
hospedeiro por parte dos parasitas. E neste momento que as técnicas de PCR e
gPCR se destacam, detectando pequenas quantidades nas amostras de DNA

gendmico (gDNA) extraido do sangue.

Objetivo

Este estudo teve como objetivo correlacionar o nimero de carrapatos com a
estimativa de infeccao resultante da quantificacdo dos agentes da TPB utilizando
areacao em cadeia da polimerase quantitativa (QPCR) pela deteccéo dos genes
msp5 (A. marginale), cbisg (B. bigemina) e cbosg (B. bovis) em bovinos da raca
Brangus e Nelore sem o uso de tratamento acaricida no Cerrado brasileiro

durante o periodo de um ano.
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Abstract

The tick Rhipicephalus microplus is responsible for the transmission of Anaplasma marginale, which
causes hemolytic anemia, abortion, decreased production, and mortality in cattle in Brazil. However, A.
marginale can also persist in cattle herds without any clinical signs. This study aimed to correlate the
number of ticks with quantitative polymerase chain reaction (PCR) targeting the msp5 gene in Brangus and
Nellore cattle in the Brazilian Cerrado. All animals tested PCR positive for A. marginale, although Brangus
cattle carried a higher A. marginale infection load than Nellore cattle. Moreover, both breeds showed
similar weight gain and a similar serological pattern throughout the year. None of the animals showed any
clinical signs of anaplasmosis during the experimental period, indicating that a low level of tick infestation

may be sufficient to maintain a stable enzootic situation.
Keywords: tick; anaplasmosis; gPCR; iIELISA

1. Introduction

The Brazilian Cerrado biome is rich in diversity, although over the past decades, it has been
fragmented by the rapid expansion of agribusiness (reviewed by Ratter et al. 1997), thereby generating
billions of dollars for Brazil. In the year 2016, according to the Brazilian Institute of Geography and
Statistics (IBGE 2017), 216 million cattle were raised across the country, with the mid-western states
accounting for 74 million of this total.

Despite this large volume, Grisi et al. (2014) estimate an annual economic loss of $13.96 billion
when considering the various parasites that affect the cattle production chain, with the tick R. microplus, a

vector of many diseases, accounting for $3.24 billion of these losses.
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One of those diseases is anaplasmosis, which is caused by the gram-negative bacterium A.
marginale, an organism of the order Rickettsiales and family Anaplasmatacea (Dumler et al. 2001), an
obligate intracellular parasite that chronically infects cattle and wild animals. A. marginale spreads through
the bites of infected ticks, flies, and mosquitoes, as well as through needles and surgical instruments (Aubry
and Geale 2011). In addition, A. marginale is part of the cattle tick fever, together with Babesia bigemina
and Babesia bovis, which exert an economic impact through direct costs related to mortality and morbidity
and indirect costs related to disease treatment and prevention (Madruga et al. 1986).

The ability of A. marginale to evade the immune system allows for a subsequent reinvasion of the
host erythrocytes, which in turn allows the infection of new vectors; according to Futse et al. (2003), the
rate of infection of R. microplus by A. marginale may reach 92% because they feed on the chronic carriers
of the disease (Kocan et al. 1992).

However, an equilibrium can be maintained in persistently infected animals that show no clinical
signs of the disease. This concept is known as enzootic stability and was proposed by Mahoney and Ross
(1972) for Babesiosis. The enzootic stabilities of A. marginale, B. bovis, and B. bigemina have been studied
in the following in several regions of Brazil (Almeida et al. 2006; Costa et al. 2018), where most of the
populations show enzootic stability for at least one of the three etiological agents of cattle tick fever.
However, a similar estimate to that of Smith et al. (2010) does not yet exist for R. microplus in crossbred
animals (Brangus) that are infected with A. marginale in the Cerrado.

The objective of this study was to estimate A. marginale infection levels and the relationship
between the number of ticks and the number of circulating copies of Brangus and Nellore breeds in the
growing phase in the Cerrado.

2. Methodology
2.1 Area and climate

The study was conducted at the farm of the Agropecuéaria Sanyo group, which is located in the
municipality of Agua Clara, Mato Grosso do Sul, Brazil (20° 46°24”’ S latitude, 52° 32’24’ W longitude,
altitude of 309 m). The pasture was cultivated with Urochloa (Brachiaria) decumbens in sandy soil. The
state of Mato Grosso do Sul has a climate that is characterized as humid tropical; the dry season lasts one
to three months and has an average temperature above 18°C throughout the year. Agua Clara is located in
the Bolséo region of Mato Grosso do Sul. According to Flumigan et al. (2015), its climate is characterized
as having a rainy season from December to February, with rainfall decreasing between March and May,
after which the dry season starts; the dry season ends in August as the rainy season gradually begins, which
progresses until the month of December, when it officially starts. The meteorological data were obtained
from the Centro de Monitoramento do Tempo e do Clima de Mato Grosso do Sul (Weather and Climate
Monitoring Center of Mato Grosso do Sul, CEMET/MS) from June 2016 to June 2017.

2.2 Animals and collections

All of the procedures with the animals were performed according to the standards that have been
published by the Conselho Nacional de Controle de Experimentacdo Animal (National Council for the
Control of Animal Experimentation, CONCEA), and the project was approved by the Comisséo de Etica
no Uso de Animais (Ethics Committee on Animal Use, CEUA) of Embrapa Beef Cattle, Protocols 01/2016
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and 08/2014. A total of 23 animals were used (11 Brangus and 12 Nellore), with an age of approximately
eight to 10 months (at the beginning of the growing phase); the animals were naturally infested and were
kept at a density of 0.6 animal units per hectare; no acaricides and prophylactic treatment (for anaplasmosis
and babesiosis) were performed. The collections occurred from June 2016 to June 2017 at intervals of 18
days for tick count and 36 days for blood collection. The blood was collected from the caudal vein using 4
ml Vacutainer® (BD Biociences, Sdo Paulo, Brazil) tubes with or without ethylenediaminetetraacetic acid

(EDTA). The samples were stored at 4°C and then sent to the laboratory for processing and analysis.

2.3 Tick count

The tick count was performed according to Wharton and Utech (1970), where ticks of 4.5 to 8 mm
were counted along the entire body on both sides of each animal. Subsequently, the counts from both sides
of the animals were summed and divided into two homogeneous groups. Every 18 days, the number of ticks
on each side was counted, and the animals were weighed on a digital scale (Coimma®, Dracena - SP) from

the modal day until the end of the experiment.
2.4 gDNA extraction

Genomic DNA was extracted based on Di Pietro et al. (2011) with modifications. Briefly, 300 pl
of bovine blood was used, to which 2 pl of proteinase K (20 mg/ml) and 500 pl of 20% sodium dodecyl
sulfate (SDS) were added in a 2 ml tube. The samples were incubated for one hour in a water bath at 65°C.
After the incubation period, 800 pl of chloroform were added, and the samples were vigorously vortexed
for homogenization. Then, 350 pl of protein precipitation solution were added (6 ml of potassium acetate,
1.1 ml of glacial acetic acid and 2.9 ml of water), and the samples were centrifuged for 10 min at 18,000 x
g. The aqueous phase was transferred to a new tube, 1 ml of 100% ethanol at 4°C was added, and the
samples were stored overnight in a freezer at -20°C for DNA precipitation. After this period, the samples
were centrifuged at 13,000 rpm for 5 min, after which the supernatant was discarded, and 1 ml of 70%
ethanol was added, and the samples were centrifuged again at 13,000 rpm for 2 min. Then, the pellet was
dried in a digital dry bath (D130XX series, Labnet International, Inc) at 37°C, and the DNA was
resuspended in 50 pl ultrapure water and eluted in a water bath for 30 min at 65°C.

The samples were quantified by spectrophotometry in a NanoDrop™ (Thermo Fisher Scientific,
Waltham, Massachusetts, USA). Only samples with A260 values above 1.8 and A280 values between 2.0

and 2.2 were used for the final dilution to 100 ng/ul and were stored in a freezer at -80°C.

25PCR

The samples were screened for A. marginale with quantitative polymerase chain reaction (PCR)
according the technique of Echaide et al. (1998) for the msp5 gene. The following primers were used for
the msp 5 gene: forward, 5-GCATAGCCTCCCCCTCTTTC-3' - msp5 position 254 to 273 and reverse, 5'-
TCCTCGCCTTGCCCCTCAGA-3' - msp5 position 710 to 692. The reaction mixture consisted of 2.5 ul of
10x buffer (1x), 0.75 pl of MgCl12 (50 mM), 0.5 pl of ANTPs (2.5 mM/Invitrogen by Life Technologies™),
0.5 ul of forward and reverse primers (10 picomoles), 0.3 pl of Taq (Ludwig Biotec), 1 pl of DNA (100

ng/pl) and ultrapure water that was added to a final volume of 25 pl. The reaction followed the following
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parameters: 95°C/3 min, followed by 40 cycles of 95°C/30 sec, 65°C/1 min, 72°C/45 sec, and a final
extension step of 72°C/10 min. The PCR product was visualized on a 1.5% agarose gel and was stained
with ethidium bromide (EtBr) using a 100 bp marker (Bio-Rad, Hercules, California, USA).

2.6 gPCR

The gPCR analysis was performed as previously reported (Carelli et al. 2007). Species-specific
fluorescent primers and probes for the msplb gene of A. marginale were designed in primer3 software
(forward 5-TTGGCAAGGCAGCAGCTT-3, Probe 5'-/56-
FAM/TCGGTCTAA/ZEN/CATCTCCAGGCTTTCAT and reverse 5-TTCCGCGAGCATGTGCAT-3)
and were produced by Integrated DNA Technologies (Coralville, lowa, USA). A 10 ul aliquot of the
reaction mixture was loaded into each well (5 pl of iTaq, 0.5 pl of F primer, 0.5 pl of R primer, 3 pl of H,O
and 1 pl of diluted sample for a final concentration of 100 ng/ul of DNA) in duplicate. Negative controls
contained ultrapure water or mix instead of the sample. The calibration curve was calculated using
gBlocks® gene fragments (IDT, Coralville, lowa, USA) that had the same size as the target fragment (95-
bp sequence of the msplb gene of A. marginale), which was diluted following manufacturer’s
recommendations, and the standard curve was optimal from 10 to 10*° ng/ul. After a preliminary test,
concentrations of 10 to 10°° were used in triplicate as internal controls in each 98-well plate. Samples
were analyzed using the StepOne Plus™ Real Time PCR System (Thermo Fisher Scientific, Waltham,
Massachusetts, USA) using an activation cycle of iTaqg DNA polymerase at 95°C for 10 min, followed by
45 cycles of denaturation at 95°C for 45 sec and an annealing/extension cycle at 60°C for 1 min. The
reaction signal was recorded during the extension step, and the data were analyzed using the StepOne
software v2.3.

2.7 IELISA

For antigen detection of IgG class anti-A. marginale, the indirect ELISA (iELISA) technique was
used, following the protocol described by Machado et al. (1997) for B. bovis and modified for A. marginale
by Andrade et al. (2004). Total antigen from A. marginale, produced by Laboratdrio de Imunoparasitologia
da FCAV/UNESP Jaboticabal, in an optimal concentration of 10 upg/mL was diluted in
carbonate/bicarbonate buffer 0.5 M and pH 9.6. After 12 h incubation at 4°C, the plate block was created
with PBS Tween 20 (pH 7.2), adding 6% powdered skim milk (Molico®, Nestlé, Brazil). The 96-well
plates (Maxisorp®; Nunc, Thermo Scientific, Brazil) were incubated for 90 min at 37°C within a moist
chamber. After three washes with PBS Tween 20 buffer, the positive, negative, and reference sera were
added (all diluted 1:400 in PBS Tween + 5% rabbit normal sera). The plates were then incubated at 37°C
for 90 min in a moist chamber. After three washes with PBS Tween 20, the bovine anti-IgG conjugated
linked to alkaline phosphatase (Sigma®, St. Louis, EUA) and diluted 1:30000 in PBS Tween + normal 5%
rabbit sera were added to the plates and washed again. Then, the alkaline phosphatase substract p-
nitrophenil phosphate (Sigma®, St. Louis, MO, EUA) was diluted in 1 mg/mL diethanolamine pH 9.8
buffer. The plates were sealed in aluminum foil and incubated for 30 min at room temperature. The plates

were then read at 405 nm wavelength on a micro-ELISA reader (B.T.-100; Embrabio, Sao Paulo, Brazil).

2.8 Copy number calculation
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Using the qPCR results, the number of target DNA molecules in each reaction was calculated
according to the following formula  described by Ke et al. (2006):
NC (L) = [(6.022 x 1023 (copies/mol) x concentration (g/mol)) / molecular mass (g/L)], where 6.022 x
102% is Avogadro's number, and the molecular mass is the average molecular weight of double-stranded
DNA (330 x 2) multiplied by the size of the cloned fragment.

2.9 Statistics

The R Project for Statistical Computing software (R version 3.6.1) was used for statistical analysis.
A Kolmogorov-Smirnov test was performed to check data normality, and then a Mann-Whitney U test was
used to compare the weight, number of ticks and copy humber of A. marginale msp1f for both breeds since
the data did not present normal distribution. The frequencies of positive animals obtained in the iIELISA
and qPCR for both breeds were analyzed using a chi-square test (X2). For all tests, p values < 0.05 were
considered statistically significant.

3 Results

3.1 Field data

Only R. microplus ticks were observed in both breeds throughout the year, and the Brangus group
(45.51 £ 20.91) had an average tick count of 4.5 more than the Nellore group (10.08 + 2) (Fig. 2a) (p <
0.01). The Brangus animals had a mean weight of 231 kg (sd + 18.06) at the beginning and 381 kg (sd +
29.628) at the end of the experimental period (Fig. 1). The Nellore animals had a mean weight of 208 kg
(sd £ 23.35) at the beginning and 389 kg (sd * 38.44) at the end of the experimental period (Fig. 1). No
statistical significance was observed for weight between breeds (p > 0.05). The Brangus animals had a
mean monthly weight gain of 13.69 kg (sd £ 8.14), while for Nellore animals weight gain was 16.46 kg (sd
+8.7).

The mean temperature was 24.95°C (sd * 2.77), the humidity was 66.86% (sd *+ 4.53), and the
rainfall was 33.41 mm (sd + 18.60) during the sampling period (Fig. 1).

mm Rainfall —— Temperature mean === Mean of ticks in Brangus
=== ean of ticks in Nellore ==@==Mean weight of Nellore === Mean weight of Brangus

Y

N

o
Il

Y
jry
o

Y
o
o

w
o

80

70

60

Means of temperature, tick number

50

4

30

June July August September October December January February March April May June

Fig. 1 Mean temperature, rainfall and number of ticks (axis and left) and mean weight of Brangus
(triangle and diamond) and Nellore (square and circle) animals from June 2016 to June 2017

39

450

400

- - ~ N w w

=) @ =1 o S o

[=] [=] o o o o
Mean weight, rainfall

w
o

o



3.2 PCR, gPCR and ELISA

The screening of PCR samples from all animals and collections showed the presence of the msp5

gene of A. marginale in the growing phase. Of the 276 gPCR samples, 275 tested positive for A. marginale,

and the Brangus group (2758.86 + 1205.22) had six-fold more mean copies when compared to the Nellore

group (431.12 + 425.85) (p < 0.01) (Table 1 and Fig. 2b).

iELISA tests for IgG were performed through 12 points in 12 months for both breeds and presented

a mean optical density of 0.191 for Brangus and 0.201 for Nellore cattle. Of the 276 samples, 23.16%

(11.36% Brangus and 11.80% Nellore) tested positive, but did not represent a statistically significant

difference between the groups.
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Table 1: Parameters for gPCR analysis of A. marginale msp! § gene obtained from gDNA extracted from
Brangus (n=132) and Nelore (n=144) cattle in the period ranging from June 2016 to June 2017 in the
Cerrado-MS.

Cq SQ
E R? Slope y-Intercept Nellore Brangus Nellore Brangus
Max 105.82 0.995 -3.491 41.891 36.20 38.89 1.75x10*  2.10x10*
Min 934 934 -3.19 33.285 20.84 0.00 2.18x10t  0.00 x10°
Mean 98.75 98,75 -3.374 38.032 26.87 26.12 5.45x10>  2.87x10°

E: efficiency of the amplification; R? determination coefficient; Cq: quantification cycle; SQ (Starting
Quantity — Starting DNA quantity: copies of a 95pb fragment from A. marginale mspl S gene per A.
marginale msp!  of DNA).

4 Discussion

This study observed the development of Brangus and Nellore animals during a one-year period in
the growing phase in the Brazilian Cerrado and determined the presence of the agent A. marginale, the
number of circulating copies, the host’s immune response, and the relationship of these factors to the

number of ticks.
4.1 Climate and ticks

The distribution of many invertebrates is known to be regulated by temperature and rainfall, and
ticks are no exception (Estrada-Pefia et al. 2005; Korotkov et al. 2015).

In particular, the tick Rhipicephalus microplus, which has a monoxenous cycle, is distributed
between 32°N and 32°S, with some sporadic outbreaks in the 35° parallel. These regions have a tropical
climate, and Brazil is characterized as an endemic region for the tick R. microplus and the diseases that are
transmitted by their feeding habits. The mean temperature and humidity throughout the period were 25°C
and 66%, respectively. In the Cerrado region annually, three to four tick generations are observed, three of
them in the rainy season, which occurs from October to April, months in which greater infestations occur
(Gomes et al. 1989). However, we also observed in our study high tick infestations in Brangus animals
within a period that coincides with the onset of the growing phase and associated stress factors (Bianchin
et al. 2007), along with the dry season (Flumigan et al. 2015), possibly contributing to sufficient

maintenance of the tick population during the most challenging months for its survival.
4.2 Weaning, age of animals in the growing phase and the Cerrado conditions

In areas of enzootic stability where cows are constantly infected, calves are presumed to have a
greater resistance to developing TBDs because they have acquired enough antibodies through the colostrum
to fight it (Madruga et al. 1987), they have greater cellular immunity and the presence of serum resistance
factors (Madruga et al. 1985), and transplacental transmission could also occur (Costa et al. 2016).

Although the Mato Grosso do Sul region is characterized as an area of enzootic stability, critical periods of
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low humoral resistance may occur (Madruga et al. 1983). Moreover, it is possible that clinical cases of
babesiosis can occur, which is a condition that is associated with anaplasmosis in the TBD complex.
However, the weaning period can generate stressful conditions that may result in immune
suppression in calves (Hulbert et al. 2011). In addition, the early growing phase, which is often
accompanied by animal transport stress (Trunkfield and Broom 1990; Broom, 2003), is concomitant with
the beginning of the dry season in the Cerrado, especially in the state of Mato Grosso do Sul, where pasture
availability is of low quality due to degradation (Andreotti et al. 2018); this factor may cause nutritional
stress to the animal, suppressing its immune system even further (Carroll and Forsberg 2007). In addition
to the breed of the animals, these factors that are associated with the early phase were evaluated when there
is a higher occurrence of ticks, and this choice may have contributed to the large number and infestation of
animals of the Brangus group. Thus, previous evaluation of tick resistance to insecticides (Drummond et
al. 1973), followed by a proper method of application and product choice (Higa et al. 2019), should be
considered for strategic treatment in 21-day intervals during the dry period in the Cerrado region (June to
August), as suggested by Bonatte-Junior et al. (2019), to ease such effects for these animals during the

growing phase.
4.3 Detection by PCR, quantification by gPCR and serology

Antibody levels detected for each animal and sample every 36 days in a one-year period showed
a low percentage of positive samples and did not reflect the results obtained by PCR and gPCR analysis.

All animals of both breeds had A. marginale detected by the PCR technique as well as by the gPCR
technique, which proved to be extremely sensitive for the detection of A. marginale, in a result similar to
that of Carelli et al. (2007) and Giglioti et al. (2018). The mean number of circulating A. marginale copies
was six-fold higher in the Brangus than in Nellore individuals; one possible explanation for the difference
in the tick count in each breed could be if the Nellore animals had a rapid response against the ticks and
were thus exposed to fewer A. marginale, whereas the Brangus animals may have had a higher tick load
and consequently showed greater inoculation of Rickettsial agents.

However, similar to the results observed by Giglioti et al. (2016), it was possible to observe
substantial fluctuation in the number of copies of A. marginale in the blood of these animals over time when
comparing the tick infestations between blood collections (36 days). Previous studies have shown that there
is no association between the number of ticks and the circulating number of copies (Giglioti et al. 2016;
Giglioti et al. 2017), indicating that this factor cannot be attributed as a cause of variation. A. marginale
infects the epithelial cells of the tick gut, then migrates through the hemolymph and colonizes the salivary
glands (Kocan et al. 1992). After the primary infection and an incubation period of seven to 60 days in the
host (Kocan et al. 2003; Kocan et al. 2004), a replication cycle occurs in the erythrocytes, and the infected
erythrocytes are removed through the mononuclear phagocyte system. In cattle, acute infection is
characterized by increasing bacteremia in infected erythrocytes, peaking at two to six weeks after infection
and reaching < 10° bacteria per ml of blood (Eriks et al. 1993; de la Fuente et al. 2002). Those fluctuations
could be attributed to A. marginale antigenic variation responsible for immune evasion (Graca et al. 2015)
and different strains (Quiroz-Castafieda et al. 2016) within the herd and/or animal (Silva et al. 2015; Ramos
et al. 20019). However, the persistent infection in hosts throughout their lifespans can be kept in circulation

within the herd by other well-known agents such as tabanid horse flies (Hornok et al. 2008) and mosquitoes
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(Ristic 1977) as mechanical vectors. A. marginale transmission by flies such as Stomys calcitrans cannot
be discarded since they were observed during the experimental period but not collected; however, their
ability to transmit this infection mechanically is questionable (Scoles et al. 2005).

The role of tick as a vector of A. marginale is unquestionable, but there remains a gap in the cycle,
since transtadial and interstadial transmissions have been reported (Aguirre et al. 1994) but not transovarial
transmission (Raoult and Roux 1997), and newborn larvae of R. microplus are not infected with this
Rickettsia. Moreover, when larvae feed, they rarely change hosts; typically, such change behavior is
performed by adult males (Kessler 2001), making the tick a multiplier of A. marginale through feeding on
persistently infected hosts in zones of enzootic stability.

Ticks are known to promote immunosuppression at the site of their bites through secreting
substances in their saliva (Perner et al. 2018) (reviewed by Kazimirova and Stibraniova 2013) and by
stimulating animals’ inappetence; these factors are potentiated by the number of ticks during infestation.

Few animals had specific antibodies against A. marginale. This fact can be attributed to the
antigenic variation of A. marginale (Graga et al., 2015) that makes it capable of evading the immune system
and chronically infecting its hosts, making them a reservoir for other vectors.

According to Eriks et al. (1993), who studied A. marginale in Dermacentor andersoni, persistently
infected animals had fluctuating Rickettsia levels during the fifth week of a 24-week period, with between
< 10* and 107 infected erythrocytes per ml of blood, and levels < 10* were maintained for four to eight days
in each 5-week cycle. This fact may also be related to the highly fluctuating number of copies that were
observed in this study.

Despite showing natural resistance against tick infestations, the Nellore animals presented similar
rates as the Brangus animals in the ELISA test (11%), thus requiring a smaller number of ticks to generate
a response similar to a Brangus individual with a mean 4.5-fold higher number of ticks.

Frisch (1999) attributed this difference to the fact that certain cattle species have already shared
their environment with ticks for a long time and have consequently developed a large number of genes with
smaller effects. In addition, such differences can also be explained by the long historical association
between Bos indicus and ticks (Sutherst and Utech, 1981), self-grooming behavior (Snowhball, 1956), and
morphological differences (Verissimo et al. 2015).

Piper et al. (2009) showed that Bos inducus developed a stable T-cell-mediated response to
infestation by ticks and reported its cell and leukocyte profile. B. taurus animals showed cellular and gene
expression patterns that were consistent with an innate response, inflammatory response to infestation, and
high tick-specific 1gG1 titers, suggesting that these animals also develop a T-cell response to infestation.
The immune responses of frequently infected animals that are exposed to antigen inoculants are sufficient
to keep blood parasites at low levels without eliminating them completely from the organism (Giglioti et
al. 2017). Despite the natural resistance exhibited by the Nellore animals, the present study also found

variation in individuals of the same breed, as observed by Piper et al. (2009) and Andreotti et al. (2018).
4.4 Enzootic stability and breeds reared in the Cerrado

Integrated pest management can be used to achieve enzootic stability because it combines
strategies of environmental manipulation and chemical and biological control and can reduce arthropod

populations that are in disequilibrium (Zucchi 1990). Some strategies, such as immersion baths, do not
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disturb the enzootic equilibrium (Smith et al. 2000); however, their misuse can cause a decline in the tick
population for a prolonged period that is sufficient to reduce the inoculation rate necessary to maintain
enzootic stability but not enough to eliminate the TBDs parasites.

According to the observations by Gomes et al. (1989), an ideal number of ticks to achieve enzootic
stability in purebred Nellore animals would be an annual population of 3-4 engorged females/day. Our
study observed an average of 10 engorged females/day. In turn, crossbred animals (4/8 Nellore and 4/38
European) were expected to have mean annual populations of 20-25 engorged females/day, while Ibagé
animals (3/8 Nellore x 5/8 Angus) exhibited populations of 60 engorged females/day under the same
conditions. The Brangus animals (3/8 Nellore and 5/8 Angus) in our study had an average of 45 engorged
females/day. According to Madruga et al. (1987), crossbred animals (50% Nellore) exhibited worrying
levels of weight loss, since the presence of 25 engorged females/day could result in a loss of 5.5 kg per year
(Sutherst and Utech 1981). At the end of the study period, no severe weight loss was observed, and both
breeds had similar weight averages (381 kg for Brangus and 389 kg for Nellore). In addition, location and
climatic variation can greatly affect enzootic stability, as demonstrated by previous researchers (Smith et
al. 2000) who observed that sites with fewer generations of ticks per year may present moments of
instability because there are periods when the tick population is relatively small, and thus, there is no
minimum level of parasite inoculation.

Andreotti et al. (2018) showed that crossbred animals (Brangus) have higher rates of infestation
by ticks, even when they are reared with Zebu animals. Throughout the year, the infection rate by A.
marginale remains constant, as corroborated by data presented by Giglioti et al. (2018); thus, maintaining
tick infestation at low levels may be advantageous for the herd when the animals are exposed at early ages,
as this is the period when the immune system is maturing and responds more efficiently (Madruga et al.
1983). However, in situations of stress such as unfavorable environmental conditions, the weaning phase,
and poor nutrition due to poor quality pastures, this strategy may have the reverse effect and lead to the

development of anaplasmosis and other diseases.
5 Conclusion

Despite the higher number of ticks, no relation of a standard number of circulating copies of A.

marginale per tick could be achieved due to interactions of the host and bacteria evasion mechanisms.

No relation between the number of ticks and number of copies in naturally infested and untreated
Brangus animals in the growing phase in the Cerrado were found. There were no clinical signs of disease
and no apparent losses in population weight gain throughout the year.

Therefore, the maintenance of enzootic stability by maintaining a low number of ticks in contact
with the bovine population and combining this stability with the strategic control of the TBDs vectors could
help maintain enzootic equilibrium, preventing moments of enzootic instability and the emergence of
clinical signs of TBDs. Although the literature data about certain vectors (primarily mosquitoes and flies)
and A. marginale transmission has long existed, new studies should be conducted due to changes in habitat

(such as degradation), climate, and vector population dynamics.
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Seasonal fluctuations in Babesia bigemina and Rhipicephalus microplus

in Brangus and Nellore cattle reared in the Cerrado biome, Brazil

Abstract

Background: Rhipicephalus microplus (Ixodida: Ixodidae, Canestrini, 1888) is a tick that causes
great economic and health losses related to the cattle industry and is the main vector of Babesia
bigemina (Piroplasmidae: Babesidae, Smith & Kilborne, 1893). B. bigemina is responsible for a
tick-borne disease known as babesiosis that can cause hemolytic anemia, fever, and death. This
study investigated the relationship between the number of ticks per animal and the number of B.
bigemina chisg gene copies in the blood of Brangus and Nellore cattle reared without acaricidal

treatment in the Brazilian Cerrado over a one-year period.

Methods: The ticks on 19 animals (9 Brangus and 10 Nellore cattle) were counted every 18 days,
and blood was collected every 36 days for 12 months. Serological samples were analyzed with
IELISA. Genomic DNA (gDNA) was analyzed by PCR and qPCR. The PCR products were

sequenced by the Sanger method.

Results: These two breeds showed similar weight development and no clinical signs of
babesiosis. Statistically significant differences (p< 0.05) were observed in the number of ticks and

the number of B. bigemina cbisg gene copies between the breeds.

Conclusion: No babesiosis clinical signs were observed, and no correlation between the number

of ticks and the number of circulating copies of chisg was observed.

Keywords: Apicomplexa; babesiosis; beef cattle; bovine; tick-borne diseases.

Introduction
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Babesia bigemina is a bovine hemoparasite mainly present in tropical and
subtropical regions that can cause clinical signs such as hemolytic anemia, fever,
occasional hemoglobinuria and death [1]. Babesiosis is transmitted by ticks [2].
Rhipicephalus microplus is responsible for its transmission in the Brazilian Cerrado,
presenting a strong preference for cattle and causing large economic losses related to the
cattle industry [3].

Bos indicus cattle present fewer engorged ticks than other types of cattle and are
known as a breed resistant to tick infestation [4, 5]. They also exhibit lower Babesia spp.
parasitemia [6] than other taurine breeds and their crosses; however, the degree of
parasitism may vary with animal age and breeding system [7]. Crossbreeding with taurine
cattle is used to increase the genetic propensity for weight gain and precocity in beef
cattle, and Brazil’s Cerrado region has increased its use of the Brangus crossbreed at the
cost of lower resistance to tick infestation [8].

Moreover, the absence of a well-defined, effective and well-deployed vaccine
against babesiosis [9], tick resistance to chemical control [10], the capacity for
transovarial Babesia spp. transmission in ticks [11] and the endemism of babesiosis in
Brazil render monitoring and control difficult.

This study sought to investigate the number of ticks and assess the B. bigemina
parasitary intensityin naturally infested Brangus and Nellore cattle reared in the growth

phase without any acaricide intervention in the Brazilian Cerrado.

Material and methods

The study was conducted in the municipality of Agua Clara, Mato Grosso do Sul
State, Brazil (20° 46'24"'S 52° 32'24"'"W). Nineteen animals (9 Brangus and 10 Nellore
cattle) in the growth phase aged eight to 10 months and with a mean weight of 219.5 kg

were studied. These animals were naturally infested and kept together at a density of 0.6
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animals per hectare. Acaricides were not used, and prophylactic control of tick-borne
diseases (TBDs) was not performed.

Data collection was performed from June 2016 to June 2017, with intervals of 18
days between tick counts according to the method of Wharton and Utech [12]. Ticks with
lengths greater than 4.5-8 mm on both sides of each animal were counted. Tick taxonomic
classification was performed following the system of Pereira et al. [13]. Additionally,
every 36 days, the animals were weighed on a digital scale (Coimma®, Dracena - SP) to
assess animal welfare [14], and blood was harvested from the caudal vein using
Vacutainer® tubes. In total, 228 samples were collected; these samples were kept at 4°C
and transported to the laboratory for serum and gDNA extraction.

Genomic DNA (gDNA) was extracted from whole blood as described by
Rodrigues et al. [15] using the phenol/chloroform method. The quantity and purity of
each sample were estimated by spectrophotometry with a NanoDrop™ (Thermo Fisher
Scientific, Waltham, Massachusetts, USA) according to the absorbance readings at 260
nm and the 260/280 nm absorbance ratios, respectively. Then, the 228 samples
corresponding to each animal and collection time point were stored at -80°C until further
use.

These gDNA samples were analyzed by PCR in duplicate following the
methodology of Guerrero et al. [16] using the primers KB-18 (5’-GAT-GTA-CAA-CCT-
CAC-CAG-AGT-ACC-3’ forward) and KB-19 (5’-CAA-CAA-AAT-AGA-ACC-AAG-
GTC-CTA-C-3’ reverse), which produce a PCR product of 262 bp. Two negative controls
(a blood sample extracted from a bovine healthy donor and water) and one positive
control (a sample obtained from a bovine blood smear positive for B. bigemina) were

tested.
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The final product was visualized on a 1.5% agarose gel stained with ethidium
bromide (EtBr). Twelve samples yielding the expected PCR product size for B. bigemina
were purified using a PureLink quick gel extraction kit (Invitrogen, Carlsbad, CA, USA).
These DNA samples were sequenced at the Human Genome and Stem-Cell Research
Center (Universidade de S&o Paulo — USP, Brazil) in an automatic sequencer (ABI 3730
DNA Analyzer, Applied Biosystems, USA) with a 48-capillary DNA analysis system.
The sequenced PCR products were analyzed with MEGA X software [17], and the
consensus sequences of the analyzed samples were deposited in GenBank under
accession number MZ542450.1.

gDNA samples were diluted to a concentration of 100 ng/ul and subjected to
gPCR analysis to quantify the circulating copies of the chisg gene. Absolute
quantification was performed using primers (PrimeTime® Std qPCR Assay-IDT-
Integrated DNA Technologies®) based on the B. bigemina LK054939.1 sequence in
GenBank and designed using the PrimerQuest Tool (IDT Technologies, Coralville, lowa,
USA), which generated an 88-bp product of the cbisg gene (forward primer
5S’CGAAGTGCCCAACCATATTA-3’, probe 5’-/56-
FAMQCGAGTGTGT/Zen/ TATCAGAGTATTAACTGAGGT/3IABKFQ/-3°, and
reverse primer 5’"TGTTCCAGGAGATGTTGATTCTT-3").

Primer-dimer formation was tested with the OligoAnalyzer tool

(https://www.idtdna.com/pages/tools/oligoanalyzer).

Specificity in silico was tested using the NCBI BLAST platform

(https://blast.ncbi.nim.nih.gov/Blast.cqi?PAGE_TYPE=BlastSearch). The organisms

searched were limited to “bovine”, “human’ and “babesia”.
The efficiency and reproducibility (Additional Files 1, 2 and 3) of the reaction

were calculated as stated by Okino et al. [18]. Serial dilutions (1:10) from 10% to 10*°
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were used to construct a standard curve with different concentrations of synthetic DNA
gBlocks® Gene Fragments (IDT, Coralville, 1A, USA) containing the sequence of B.
bigemina (5°-
TGACCTTTTATTATGTTCCAGGAGATGTTGATTCTTTCGAGTGTGTTATCAGA

GTATTAACTGAGGTTAATATGGGTTGGGCACTTCGTTATTTCCATGCTCAAT

GTGTTTCTTTTTGCTTTTTCTTTATGATGTTACATATGTTAAAAGGTTTATG-3’
- also constructed based on the sequence under accession number LK054939.1). Positive
controls and duplicate negative template and negative control samples were added to each
gPCR run.

The reaction volume was 10 pL per well and consisted of 5 pL of Tagman™
Universal PCR Master Mix (Thermo Fisher Scientific), 0.5 pL of each primer (10 uM),
3 pL of Milli-Q H20 and 1 pL of 100 ng/uL gDNA. The reactions were run in duplicate.
Ultrapure water was used instead of gDNA as a negative control.

A five-point standard curve (concentrations of 10° to 10*° gBlocks®) was used in
triplicate as an internal control in each 98-well plate. The samples were analyzed using a
StepOnePlus™ Real-Time PCR System using a hydrolase probe activation cycle of 95°C
for 10 min followed by 45 cycles of denaturation at 95°C for 45 s and annealing/extension
at 60°C for 1 min.

The reaction signal was recorded during the extension step, and the data were
analyzed using StepOne v2.3. The Minimum Information for Publication of Quantitative
Real-Time PCR Experiments (MIQE) guidelines were followed [19].

Using the gPCR results, the number of target DNA molecules in each reaction
(copy number — CN) was calculated according to the method of Ke et al. [20], as follows:
CN (L) = [(6.022 x 107 (copies/mol) x concentration (g/mol))/molecular mass (g/L)],

where 6.022 x 10?2 is Avogadro's number and the molecular mass is the average
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molecular weight of double-stranded DNA (330 x 2) multiplied by the size of the cloned
fragment.

For antigen detection of anti-B. bigemina immunoglobulin G (1gG), the indirect
ELISA (iELISA) technique was used following a protocol based on that of Machado et
al. [21].

Total antigen from B. bigemina (produced by the Immunoparasitology Laboratory
of the Faculty of Agricultural and Veterinary Sciences [FCAV]/S& Paulo State
University [UNESP] Jaboticabal) was diluted to an optimal concentration of 10 ug/mL in
0.5 M carbonate/bicarbonate buffer (pH 9.6). After 12 h of incubation at 4°C, blocking
was performed with PBS Tween 20 (pH 7.2) and 6% powdered skim milk (Molico®,
Nestlé, Brazil). The ninety-six-well plates (Maxisorp®; Nunc, Thermo Scientific, Brazil)
were incubated for 90 min at 37°C within a moist chamber.

After three washes with PBS Tween 20 buffer, the positive, negative, and
reference sera were added (all diluted 1:400 in PBS Tween + 5% rabbit normal serum).
The plates were then incubated at 37°C for 90 min in a moist chamber. After three washes
with PBS Tween 20, alkaline phosphatase-conjugated bovine anti-lIgG (Sigma®, St.
Louis, USA) diluted 1:30000 in PBS Tween + normal 5% rabbit serum was added, and
the plates were washed again.

Then, the alkaline phosphatase substrate p-nitrophenyl phosphate (Sigma®, St.
Louis, MO, USA) was diluted in 1 mg/mL diethanolamine buffer (pH 9.8). The plates
were sealed in aluminum foil and incubated for 30 min at room temperature. The plates
were then read at a wavelength of 405 nm on a micro-ELISA reader (B.T.-100; Embrabio,
Séo Paulo, Brazil).

The R Project for Statistical Computing (R version 3.6.3) [22] and RStudio (8.15

build 180091) [23] were used for statistical analysis.

57



The Kolmogorov—Smirnov test was performed to check data normality, and then
the Mann-Whitney U test was used to compare the weight, number of ticks and B.
bigemina cbisg gene CN between the breeds because the data did not present a normal
distribution.

The CNs and numbers of ticks were logio(n+1)-transformed and then analyzed by
Spearman’s rho statistic to estimate a rank-based measure of association among the
weight, 10g10(CN) and logio(ticks).

Results

During the sampling period, the mean environmental temperature was 24.95 +
2.77°C, the humidity was 66.86+ 4.53%, and the rainfall was 33.41+ 18.60 mm (Fig. 1).
The Brangus cattle had a mean monthly weight gain of 13.69+ 8.1 kg; for Nellore cattle,
the weight gain was 16.46x 8.7 kg (Fig. 1). No significant difference was observed
comparing the weight mean at the start (227.22 £ 17.26 for Brangus and 209.8 *+ 24.36
for Nellore) and at the end of the experiment (378.88 + 31.59 for Brangus and 395 +40
for Nellore) (p> 0.05).

Brangus cattle had a higher tick count (45.5 + 20.9) than did Nellore cattle (10.08
+2) (p<0.01) (Fig. 2B). All PCR and gPCR samples detected the presence of B. bigemina,
none were positive for B. bovis. When the circulating B. bigemina cbisg gene CNs were
analyzed (Fig 2A) using gPCR, the Nellore breed presented a higher mean CN (3.25 +
0.18) than the Brangus breed (2.5 + 0.15) (p= 0.005) (Table 1).

Serological samples from each time point were analyzed by iELISA with a cutoff
of 0.277. Brangus animals had 13% (15/108) positive samples, while Nellore animals had
15% (18/120) positive samples.

The Brangus breed presented a Spearman correlation of rs= -0.23 between weight

and CN (p=0.01), a Spearman correlation of rs= -0.47 between weight and tick count (p=
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0.00), and a Spearman correlation of rs= 0.25 between tick count and CN (p= 0.01). The
Nellore breed presented a Spearman correlation of rs=-0.11 between weight and CN (p=
0.22), a Spearman correlation of rs= -0.42 between weight and tick count (p= 0.00), and

a Spearman correlation of rs= 0.12 between tick count and CN (p= 0.16).

Discussion

Brazil is an endemic region for cattle tick fever. Beef cattle breeders in the Cerrado
region have introduced other taurine breeds into the genetic lines of their herds to increase
the production of beef cattle per hectare and to meet the demand from the consumer
market for higher-quality meat [24]; however, this strategy has increased the sensitivity
of the animals to ticks and increased the risk for TBD outbreaks.

The Agua Clara region is characterized by 3—4 tick cycles per year, three of which
occur in the rainy season from October to April, when most infestations occur [25]. Our
data suggest that the high tick infestation rates in Brangus cattle in the initial month of
the experiment may have been related to the stress generated at the end of the weaning
period and the beginning of the growth phase combined with the lower pasture quality at
this time of the year in the Cerrado [8] and subsequent nutritional stress, which suppressed
the immune system of the cattle [26].

No significant difference in weight was detected between the two breeds during
the experimental period, but a weak negative correlation was observed between the
number of ticks and body weight. As reviewed by Jonsson [27], this effect of ticks on
cattle weight gain is expected and may cause economic loss over time [28].

During the experiment, larvae and nymphs were observed at the same infestation
proportions in both breeds but were not quantified. Nellore animals showed few engorged
tick females, which led to the end of the parasitic phase. The resistance in cattle like

Nellore cattle could be associated with increased numbers of mast cells, eosinophils, and
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basophils in the skin, while recruitment of neutrophils is potentially associated with tick
susceptibility [4]. The increased numbers of mast cells, eosinophils, and basophils cause
the release of histamines from these cells, inhibiting tick attachment and leading to
itching, increased grooming and tick removal [4].

Poor correlations between Babesia spp. CNs and tick counts have also been
observed in recent studies, suggesting that there is no correlation between these factors at
the time of data collection [29, 30]. However, Giglioti et al. [31] have suggested that a
high positive correlation coefficient in bovine parasitemia may be dependent on or
determine the parasitemia burden for ticks.

Our results contradict previous data reported by Bilhassi et al. [32] for Babesia
spp. indicating that pure Zebu animals should be expected to have a low number of ticks,
resulting in relatively low levels of parasitemia. However, one might question the
methodology proposed by Wharton and Utech [12], as only the number of engorged
parasites is taken into account; nymphs also have the ability to transmit Babesia spp. [33]
but are not counted in the methodology of Wharton and Utech [12].

Babesia bigemina can establish long-lasting chronic infections that are often
accompanied by Anaplasma marginale and B. bovis, causing the TBD complex. Even if
abovine host is able to establish an immune response that controls the disease, the parasite
continues to proliferate in the bloodstream at levels that may be below detection by
microscopy [34]. Although no clinical signs of babesiosis were observed during the study,
subclinical cases cannot be discarded.

Agua Clara is a region known to be endemic for the TBD complex, and the farm
on which the experiment was carried out employs an extensive production system with

nursing, weaning and rearing phases.
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Some studies have observed serological prevalence rates of 23% for B. bigemina
in the State of Mato Grosso do Sul [35], 87.7-98.9% in the Pantanal region [36] and 97%
in Para State [37]. In this study, we observed low iELISA responses (13% for Brangus
and 15% for Nellore cattle) that did not reflect the PCR and qPCR results. This finding
could be attributed to a state of equilibrium between B. bigemina and the host immune
system (the cattle in this study were considered to be in good nutritional condition based
on the weight gain curves) due to the ability to vary the antigens expressed on the surfaces
of infected red cells, thus making the host a chronic carrier [38].

Enzootic stability of babesiosis in a herd occurs when the inoculation rate from
ticks is sufficient to infect most calves before innate resistance to clinical disease
disappears somewhere between six and nine months of age, ensuring that most cattle are
infected and immune before they reach an age at which they are susceptible to clinical
disease [39]. However, Jonsson et al. [40] criticized the concept of enzootic stability and
did not recommend its application to Bos taurus indicus or diseases that have inverse
immunity because the Mahoney and Ross [39] experiments did not test these breeds and
ticks, nor did they perform serological assays. Thus, the degree of suppression of the host
immune response in the field could not be evaluated as a function of infestation in the

present study.
Conclusions

This work analyzed field data from growth-phase animals in a extensive breeding
system without acaricide treatment in an endemic environment, the Cerrado region. The
system might not have been the ideal system for these observations; however, the
information gained contributes to comprehension of the seasonal dynamics of B.
bigemina and may help lead to future identification and classification of strains that are

less pathogenic to herds throughout this period.
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In conclusion, Nellore cattle presented lower tick counts and higher CNs of the B.
bigemina chisg gene than Brangus cattle. Despite the low IELISA results, the pathogen
was observed to be present throughout the entire period by molecular methods. On the
other hand, the two breeds showed similar weight development and no symptoms of
babesiosis throughout the study period. This was the first study performed on two cattle
breeds in the rearing phase in the Cerrado region to quantify tick counts and circulating

B. bigemina CNs.
Abbreviations
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Tables

Table 1: gPCR results for detection of the B. bigemina chisg gene.

Cq Quantitative

(log10[DNA copies])

E R? Slope y-Intercept Nellore Brangus Nellore Brangus
Max. 103.18 1 3.349 41.89 38.10 37.27 4.91x10°  1.04x103
Mean 99.0 0.990 3.345 38.14 32.72 34.10 2.23x10?  7.45x10?
Min. 96.14 0.987 3.291 33.28 28.65 24.7 9.01x10"  0x10°

E: efficiency of amplification; R%: coefficient of determination; Cq: quantification cycle

Figure legends

Figure 1: Mean rainfall (gray background); mean temperature (gray column); Nellore cattle mean weight

(gray line and gray circles); and Brangus cattle mean weight (black line and black diamonds).

Figure 2: Mean Babesia bigemina cbigs gene copy numbers (logio[n+1]-transformed) for Brangus (dashed
gray line and gray diamonds) and Nellore (black line and black triangles) cattle (A); variations across 12
months in the mean Rhipicephalus microplus tick counts for Brangus (dashed gray line and gray diamonds)

and Nellore (black line and black triangles) cattle (B).

68



Tables

Table 1: gPCR results for the detection of the B. bigemina chisg gene.

Cq Quantitative (Log10
DNA copies)
E R? Slope y-Intercept Nellore Brangus Nellore Brangus
Max 103.18 1 3.349 41.89 38.10 37.27 4.91x10°  1.04x103
Mean 99.0 0.990 3.345 38.14 32.72 34.10 2.23x10?  7.45x10?
Min 96.14 0.987 3.291 33.28 28.65 24.7 9.01x10"  0x10°

E: efficiency of amplification; R%: determination coefficient; Cq: quantification cycle;

Figures and legends
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Figure 1: Mean rainfall (gray background); mean temperature (gray column); Nellore cattle mean weight

(gray line and gray circle); Brangus cattle mean weight (black line and black diamond).
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Figure 2: Mean Babesia bigemina chigs gene copy number (data transformed to Log 10+1) for Brangus

(dashed gray line and gray diamond) and Nellore (black line and black triangle) cattle (A); Variation across
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12 months for mean Rhipicephalus microplus tick count for Brangus (dashed gray line and gray diamond)

and Nellore (black line and black triangle) (B).

Table S1: Mean quantifiying cycle and copy number obtained from each sample period for
each breed

Nellore Brangus
Mean copy log +
Sample month Cq mean + SE Mean copy log + SE SE
June 30,30+1,89 1,86 £0,46 1,39+0,47
July 33,12+ 0,69 1,72+0,41 1,46 £ 0,39
August 34,03 £0,98 1,79 £ 0,53 1,16 £ 0,46
September 33,70+ 1,00 2,0+0,62 1,11 +0,26
October 34,68 £0,79 0,67 £0,30 1,18 £ 0,25
December 33,95+0,70 1,06 £ 0,35 0,66 +0,22
January 31,80+ 0,87 3,17 £0,52 1,67 +0,47
February 33,86 £0,75 1,96 +0,48 0,60 +£0,27
March 33,59+ 0,64 1,78 £ 0,50 0,93+0,30
April 34,13+0,73 1,16 £ 0,30 0,95 +0,38
May 34,55 10,65 1,09+0,31 0,41+0,14
June 34,28 + 0,67 1,09 £ 0,33 0,58 £ 0,27
B. bigemina cBisg gPCR assays
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Figure S1: Current cicle (CT) vs. cBisg double strand gBlock quantity
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6. CONSIDERACOES

A datécnica de PCR e gPCR possibilitou detectar a presenca e quantificar
os agentes da TPB no rebanho analisado, apesar disto nao foi possivel atribuir
correlacdo entre o nimero de copias de cada agente e o nimero de carrapatos
presente em cada animal.

Possivelmente a coleta e a extracdo de gDNA diretamente dos diversos
estagios de desenvolvimento do carrapato também possibilitariam a
guantificacdo, e uma correlagdo entre o hospedeiro aos moldes do estudo
realizado por Gigliotti et al (2018). Além disto ainda é possivel utilizar o material
armazenado para caracterizar possiveis estirpes de A. marginale circulantes na
regido de Agua Clara.

Os diagndésticos mais comumente utilizados, o esfregagco sanguineo ou o
microhematécrito (ALVES et al., 1986), podem nao ser suficientes para detectar
a presenca dos agentes da TPB durante suas fases cronicas. Pode-se, entéo,
utilizar de técnicas mais robustas e bem estabelecidas como o ELISA ou o
diagnoéstico molecular que apresenta uma alta precisdo quanto a presenca do
patdégeno, que ja é o suficiente para tomar acdes de remediacdo contra a acédo

do carrapato e seus patégenos.

7. IMPACTO ECONOMICO, SOCIAL, TECNOLOGICO E/OU
INOVACAO

Este trabalho pode contribuir para o entendimento do comportamento dos
agentes da tristeza parasitéria bovina no bioma Cerrado, possibilitando uma
prevencéo de surtos da doencga, em que manter um grupo animal minimamente
infestado pode se tornar a maneira mais viavel de lidar com tais surtos, mantendo

a situacao de estabilidade enzodtica.
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