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IMPACTO POTENCIAL DESTA PESQUISA

O impacto desta dissertacao esta na investigagado de mediadores imunolégicos
em infecgdes por babesiose e anaplasmose em bovinos, contribuindo para o
desenvolvimento de estratégias de controle de doengas transmitidas por carrapatos,
auxiliando na sanidade animal, na reducio de perdas econdmicas € na promog¢ao da

sustentabilidade da pecuaria.

POTENTIAL IMPACT OF THIS RESEARCH

The impact of this dissertation lies in the investigation of immunological
mediators in bovine babesiosis and anaplasmosis infections, contributing to the
development of strategies for controlling tick-borne diseases, supporting animal health,

reducing economic losses, and promoting sustainability in livestock production.
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PADROES DE EXPRESSAO DE MEDIADORES QUIMIOCINICOS E TLR10 EM
INFECCOES NATURAIS DE BABESIOSE E ANAPLASMOSE BOVINA

RESUMO - A Tristeza Parasitaria Bovina (TPB) € um complexo de
enfermidades causadas pelos hemoparasitas Babesia bovis, Babesia bigemina e
Anaplasma marginale, transmitidos principalmente pelo carrapato Rhipicephalus
microplus. Trata-se de um importante desafio sanitario e econdmico para a pecuaria
bovina, devido a elevada morbidade e mortalidade, a redugdo na produgao de carne
e leite, a ocorréncia de abortos e aos altos custos associados as medidas de controle.
A babesiose caracteriza-se, principalmente, pela hemdlise intravascular resultante da
multiplicagdo dos protozoarios no interior das hemacias, enquanto a anaplasmose
manifesta anemia severa decorrente da destruicdo de eritrécitos parasitados e da
resposta imune do hospedeiro. A apresentacado clinica e a gravidade da TPB sao
influenciadas por fatores ambientais, pela intensidade de infestacdo do vetor e, pela
composi¢cao genética dos animais. Bovinos zebuinos, apresentam maior resisténcia
as infecgbes, enquanto animais taurinos e seus cruzamentos, apesar do elevado
potencial produtivo, mostram-se mais susceptiveis aos agentes da TPB. Essas
diferengas reforcam a importancia da resposta imune do hospedeiro na evolugédo da
doenca e na capacidade de controle das infecgdes. No processo inflamatério,
citocinas e quimiocinas desempenham papel fundamental na regulacdo da
inflamacé&o, atuando no recrutamento e na ativagdo de células do sistema imune. Da
mesma forma, os receptores do tipo Toll (Toll-like receptors — TLRs) sdo essenciais
para o reconhecimento de padrbes moleculares associados aos patdgenos e para a
ativacado da imunidade inata. Entre eles, o TLR10 tem despertado interesse por seu
papel modulador da resposta inflamatéria. A interacdo entre quimiocinas, seus
receptores e os TLRs pode interferir na intensidade da resposta imune e,
consequentemente, na resisténcia dos animais as infecgdes. Dessa forma, o presente
estudo avaliou a expressao dos genes CCR3, CXCL12, CXCL8, CXCR1 e TLR10 em
bezerros Angus e Ultrablack naturalmente infectados por B. bovis, B. bigemina e A.
marginale, e a relagao entre a expressao desses mediadores imunoldgicos, a carga
parasitaria € o grupo genético dos animais. Os resultados indicaram diferentes
padroes de modulacéo da resposta imune na TPB, influenciados pela interagao entre
carga parasitaria e genética do hospedeiro, contribuindo para a compreensao dos
mecanismos envolvidos na resposta do hospedeiro.

Palavras-chave: Hemoparasitoses, quimiocinas, TLRs
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EXPRESSION PATTERNS OF CHEMOKINE MEDIATORS AND TLR10 IN
NATURAL BOVINE BABESIOSIS AND ANAPLASMOSIS INFECTIONS

ABSTRACT — Bovine Tick Fever (BTF) is a complex of diseases caused by the
hemoparasites Babesia bovis, Babesia bigemina, and Anaplasma marginale,
transmitted mainly by the tick Rhipicephalus microplus. It represents an important
sanitary and economic challenge to cattle production due to high morbidity and
mortality, reduced meat and milk yield, occurrence of abortions, and the high costs
associated with control measures. Babesiosis is mainly characterized by intravascular
hemolysis resulting from the multiplication of protozoa within erythrocytes, whereas
anaplasmosis presents with severe anemia resulting from the destruction of
parasitized erythrocytes and the host immune response. The clinical presentation and
severity of BTF are influenced by environmental factors, the intensity of vector
infestation, and the genetic composition of the animals. Zebu cattle generally show
greater resistance to infection, whereas taurine cattle and their crosses, despite their
high productive potential, are more susceptible to the agents of BTF. These differences
highlight the importance of the host immune response in disease progression and in
the control of hemoparasitic infections. During the inflammatory process, cytokines and
chemokines play a fundamental role in regulating inflammation by promoting the
recruitment and activation of immune cells. Likewise, Toll-like receptors (TLRs) are
essential for the recognition of pathogen-associated molecular patterns and for the
activation of innate immunity. Among these receptors, TLR10 has attracted interest
due to its potential modulatory role in the inflammatory response. The interaction
between chemokines, their receptors, and TLRs can influence the magnitude of the
immune response and, consequently, the resistance of animals to infection.
Accordingly, the present study evaluated the expression of the CCR3, CXCL12,
CXCL8, CXCR1, and TLR10 genes in Angus and Ultrablack calves naturally infected
with B. bovis, B. bigemina, and A. marginale, as well as the relationship between the
expression of these immune mediators, parasite load, and genetic group. The results
indicated distinct patterns of immune response modulation in BTF, influenced by the
interaction between parasite burden and host genetics, contributing to a better
understanding of the mechanisms involved in host response.

Keywords: Hemoparasitic diseases, chemokines, TLR10



CAPITULO 1 - Consideragées gerais

1. INTRODUGAO
A Tristeza Parasitaria Bovina (TPB) corresponde a um conjunto de

enfermidades causadas por diferentes agentes etiolégicos, mas que apresentam
manifestagdes clinicas, caracteristicas e aspectos epidemiolégicos semelhantes
(Kikugawa, 2009; Santos et al., 2017; Silva Junior et al., 2018).

Embora seja mais conhecida pela sua ocorréncia em bovinos, a TPB também
pode acometer outros animais domésticos e silvestres, incluindo ovinos, caprinos,
bubalinos, ruminantes silvestres, além de caninos, felinos, equinos, roedores e,
ocasionalmente, seres humanos (Santos, 2013; Herrera, 2019; Turruella et al., 2020).

No Brasil, o carrapato Rhipicephalus microplus € o principal vetor da babesiose
e da anaplasmose bovina. A tristeza parasitaria € considerada uma das doencgas
parasitarias mais importantes que afetam o gado, causando perdas econdmicas
substanciais na pecuaria brasileira. Essas infecgdes podem ocorrer de forma
assincrona ou se manifestar simultaneamente no mesmo animal.

A babesiose parasita os eritrécitos, causando anemia hemolitica intravascular,
o principal sinal clinico (Bock et al., 2004). Em contraste, a anaplasmose leva a
anemia e hemolise extensiva (Kocan et al., 2010; Tucker et al., 2016). Os impactos
econbmicos da babesiose e da anaplasmose bovina vao além da mortalidade e
incluem morbidade, abortos, redugdo na producido de carne e leite, aumento dos
custos veterinarios e restricbes ao comércio internacional de produtos bovinos (Kocan
et al.,, 2003; Bock et al., 2004). Ambas as doencas apresentam altas taxas de
morbidade e mortalidade, particularmente em areas de instabilidade enzodtica
(McCosker, 1981).

Racas zebuinas sdo amplamente utilizadas em regides tropicais devido a sua
maior resisténcia a carrapatos e as doencgas transmitidas por esses vetores. No
entanto, o uso do cruzamento entre taurinos e zebuinos pode ser uma estratégia
voltada para aumentar a produtividade, despertando o interesse dos produtores
brasileiros que buscam melhorar a eficiéncia do rebanho (Ibelli et al., 2012). Contudo,

os ganhos produtivos advindos da introdug¢ao de ragas taurinas e seus cruzamentos
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nos sistemas de pecuaria de corte muitas vezes sao limitados pelas perdas causadas
por infeccdes hemoparasitarias e infestagdes por carrapatos (Oliveira et al., 2013).

Os zebuinos (Bos taurus indicus) apresentam maior resisténcia as infecgdes
por Babesia bovis, Babesia bigemina e Anaplasma marginale quando comparados a
bovinos europeus (Bos taurus) (Parker et al., 1990; Bock et al., 1997). Estudos mais
recentes demonstram que bovinos da raga Nelore apresentam maior resisténcia aos
carrapatos e que, mesmo quando criados juntamente com animais mais suscetiveis,
nao apresentam aumento no nivel de infestagdo nem prejuizos no ganho de peso,
contribuindo para a manutencao da estabilidade enzodtica (Andreotti et al., 2018 ).

As quimiocinas sao pequenas moléculas inicialmente descritas como citocinas
quimiotaticas (Luster,1998), e desempenham um papel fundamental tanto na
imunidade inata quanto na adaptativa. Essas proteinas regulam a ativagdo e o
recrutamento de leucdcitos e outros tipos celulares, guiando sua migragao durante
processos inflamatoérios e em condigdes basais (Foxman et al., 1997; Mantovani et al.,
2001; Bachelerie et al., 2014; Russo et al., 2014).

A babesiose grave também é considerada uma doenga imunomediada,
caracterizada por uma resposta inflamatoria excessiva, particularmente pela produgao
exacerbada de citocinas e quimiocinas pro-inflamatorias. As citocinas e quimiocinas
pré-inflamatérias, em especial fator de necrose tumoral alfa (TNF-a), interferon-gama
(IFN-y), proteina quimioatraente de mondcitos-1 (MCP-1, também conhecida como
CCL2), quimiocina derivada de queratinécitos (KC, ou CXCL1), proteina induzida por
interferon-gama 10 (IP-10, ou CXCL10), interleucina-6 (IL-6), IL-8 (CXCL8), IL-12, IL-
18, fator estimulador de colénias de granulécitos e macrofagos (GM-CSF, ou CSF-2)
e proteina de grupo de alta mobilidade 1 (HMGB-1), participam do desenvolvimento
dessas complicagdes (Zygner et al., 2023).

Além das quimiocinas, os receptores Toll-like (TLRs) desempenham um papel
crucial na resposta imune inata, pois reconhecem padrées moleculares associados a
patdogenos (PAMPs) e ativam o sinal de defesa subsequente (Takeda et al., 2003). Os
TLRs estao presentes em uma ampla variedade de organismos (Akira et al., 2006) e
funcionam como moléculas sinalizadoras de superficie celular essenciais para o inicio
da defesa contra infecgdes.

Dentre os TLRs, o TLR10 tem despertado interesse por seu possivel papel
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modulador da resposta inflamatéria. Esse receptor € expresso em 6rgdos como
linfonodos, bago, timo, pulmdes e em células do sistema imune, incluindo macréfagos
e neutrdfilos (Chuang e Ulevitch, 2001). O mRNA do TLR10 é detectavel durante o
desenvolvimento inicial de linfocitos B, sendo sua tradug&o observada principalmente
durante a diferenciagao (Bourke et al., 2003).

Portanto, investigar a expressao de genes relacionados a ativagéo imunologica
e a inflamagdo, como quimiocinas e TLRs, pode ajudar a identificar marcadores

genéticos associados a resisténcia a babesiose e a anaplasmose em bovinos.

2. REVISAO DE LITERATURA

2.1 Parasitismo por carrapatos
No Brasil, o carrapato Rhipicephalus microplus e as hemoparasitoses

representam grandes fontes de prejuizos para os pecuaristas. Os parasitas do género
Babesia sao transmitidos exclusivamente pelo carrapato bovino (Bock et al., 2004).
Portanto, a babesiose bovina é considerada endémica em regides onde a presenca
do carrapato € constante. Os fatores associados aos surtos de babesiose incluem o
desenvolvimento crescente da resisténcia aos pesticidas, a disseminacdo de
carrapatos infectados e o aumento da temperatura ambiental em areas anteriormente
livres desses hemoparasitas (Waal e Combrick, 2006).

Os carrapatos s&o os principais ectoparasitas que causam prejuizos a pecuaria
em todo o mundo, com perdas econdmicas significativas. No Brasil, em 2019, essas
infestacbes resultaram em perdas estimadas em cerca de 3,5 milhdes de délares na
producao bovina (Mendes, 2019).Além do carrapato, as babesioses estdo entre as
principais enfermidades que afetam os rebanhos bovinos taurinos e sdo responsaveis
por causar importantes perdas econdmicas na industria pecuaria de regides tropicais
e subtropicais do mundo (Barros et al., 2005, Rodriguez-Vivas et al.,2018).

Os impactos das hemoparasitoses incluem mortalidade, abortos, perda de
peso,queda na produtividade, custos de controle, impacto no comércio internacional
de bovinos, entre outros (Kocan et al., 2003; Bock et al., 2004; Barros et al., 2005). A
anemia acentuada causada pelas hemoparasitoses € o aspecto mais relevante da
patogenicidade destes parasitas podendo levar a alta porcentagem de mortalidade em

rebanhos ndo imunes (Mccosker, 1981; Kessler e Schenk, 1998; Kocan et al., 2003).



A B. bovis é considerada a mais patogénica das duas espécies, podendo causar
disfungdes ou falhas cerebrais, renais e pulmonares, sendo fatal em animais
suscetiveis (Wright e Goodger, 1988; Clark e Jacobson, 1998; Schetters e Eling, 1999;
Brown et al., 2006).

Do ponto de vista epidemioldgico, as regides onde a presencga do carrapato e,
consequentemente, das hemoparasitoses sdo constantes, sao classificadas como
areas de estabilidade endémica (Mahoney, 1962; Mahoney e Ross, 1972). Nessas
regides, os carrapatos inoculam constantemente as hemoparasitoses nos bovinos,
que desenvolvem imunidade. Contudo, em regides de instabilidade endémica, onde a
presenca do carrapato € sazonal ou manejo sanitario inadequado leva a redugao na
populacdo de carrapatos vetores, a estabilidade endémica pode ser convertida em
instabilidade, aumentando o impacto das hemoparasitoses nos rebanhos
(Guglielmone, 1995).

Segundo Waal e Combrick (2006), o controle dos carrapatos em areas
endémicas € mais dificil. Os autores afirmam que as doengas transmitidas por
carrapatos podem ser controladas pela sua erradicacdo ou manutencdo de baixos
niveis de infestacdo. No entanto, estudos recentes tém mostrado que a variacdo dos
niveis de infeccdo por hemoparasitas ndo depende diretamente dos niveis de

infestacado de carrapatos nos bovinos (Giglioti et al., 2016; 2018).

2.2 Babesiose e Anaplasmose
O ciclo de infeccdo da babesiose inicia-se quando os carrapatos inoculam a

fase de esporozoitos na corrente sanguinea do bovino. Esses esporozoitos invadem
as hemacias, transformando-se em trofozoitos, que se dividem em merozoitos. Esse
processo provoca a lise celular e a liberagdo de hemoglobina (Santos, 2013; Ferreira,
2019). No hospedeiro bovino, os merozoitos invadem novas hemacias, enquanto
alguns sao ingeridos pelo carrapato durante a alimentagao, chegando ao intestino do
vetor, onde se diferenciam em gametdcitos.

No carrapato, ocorre a fusao dos gametas, formando um zigoto que evolui para
um cineto mével. Esse cineto infecta as células intestinais do carrapato e migra para
as glandulas salivares, sendo liberado nos bovinos durante a alimentagao. O ciclo se
repete com a multiplicagéo dos parasitas (Santos, 2013; Ferreira, 2019).

A B. bovis é transmitida apenas pela fase de larvas, enquanto que a B. bigemina



5

pode ser transmitida por ninfas e adultos de R. Microplus (Trindade et el., 2011;
Santos, 2013).0 periodo de incubagao da babesiose varia de sete a vinte dias. Apds
a infeccédo, os protozoarios comegam a se multiplicar: Babesia bigemina prefere vasos
periféricos, enquanto Babesia bovis se concentra em vasos viscerais como o baco,
rins, figado, coracao, pulmdes, cérebro, cerebelo e meninges, com pouca afinidade
pela circulagdo periférica e essa multiplicagao resulta na destruicdo das hemacias,
causando os sinais clinicos da doenca (Ferreira, 2019).

Durante o pico da multiplicacdo, ha hemdlise que pode ser clinicamente
detectada, levando ao desenvolvimento de anemia severa, ictericia e hemoglobinuria,
com evolugao potencial para morte devido a anoxia e anemia (Kikugawa, 2009). Apés
a infeccéo eritrocitaria, ha um aumento no numero de hemacias parasitadas, que
passam a apresentar alteragbes na superficie, sendo fagocitadas por macrofagos e
células do sistema reticuloendotelial, principalmente no bago, o que resulta em anemia
(Kikugawa, 2009; Santos, 2013). Dessa forma, ocorre uma queda no hematdcrito e
aumento da temperatura corporal.

Esse processo esta associado a produgao de anticorpos das classes IgM e IgG,
que bloqueiam os sitios de ligacao e penetragdo dos parasitas nos eritrocitos,
promovendo a lise dos corpusculos iniciais e citotoxicidade celular (Kikugawa, 2009).
No entanto, a imunidade humoral ndo protege contra a reinfecgcédo, e a imunidade
celular especifica ndo age diretamente, uma vez que os eritrécitos dos bovinos nao
apresentam o complexo principal de histocompatibilidade de classe | (Kikugawa,
2009). Apods sobreviver a infecgao aguda, os animais infectados podem desenvolver
uma infecgao persistente devido a variagdes antigénicas (Kikugawa, 2009).

A anaplasmose bovina tem como agente causador a riquétsia Anaplasma
marginale (Kocan et al., 2010), que pode ser transmitida biologicamente por
carrapatos, mecanicamente por artropodes hematofagos (como moscas e mosquitos)
e por fbmites contaminados, além de também poder ser transmitida de forma
transplacentaria (Silva e Fonseca, 2014), sendo que no Brasil o principal transmissor
€ R. microplus (Araujo et al., 1998).

A anaplasmose € uma doenga endémica nas regides tropicais e subtropicais
(Kocan et al., 2010; Fernandes et al., 2019). Entre as espécies do género, Anaplasma

marginale (Familia Anaplasmataceae) € considerada a mais patogénica e de maior



importancia para os bovinos (Vidotto e Marana, 2001; Marana et al., 2009). A
transmissao desse agente pelos carrapatos pode ocorrer de diferentes formas. No
vetor, ha a transmissao transestadial, quando o carrapato adquire o patégeno em um
estagio de desenvolvimento (como larva ou ninfa) e o transmite no estagio seguinte
(ninfa ou adulto). Também pode ocorrer a transmissao transovariana, na qual a fémea
infectada transmite o agente para sua prole por meio dos ovos ( Browman, 2006).
Além disso, machos de carrapatos podem atuar como transmissores, adquirindo a
infeccdo em um animal portador e disseminando-a para outro hospedeiro suscetivel
durante o processo de alimentacao (Kessler, 2001).

A distribuicdo da anaplasmose bovina, assim como da babesiose, varia
conforme as condi¢gdes ambientais e a presenca de vetores. De acordo com Vidotto e
Marana (2001), podem ser identificadas trés situagdes epidemioldgicas: areas livres,
onde as condi¢bes climaticas ndo favorecem a sobrevivéncia e reprodugdo dos
vetores; areas de instabilidade enzodtica, nas quais 0 ambiente apresenta condi¢cdes
apenas parcialmente favoraveis ao desenvolvimento dos vetores, podendo ocorrer
surtos sazonais em determinados periodos do ano; e areas de estabilidade enzodtica,
caracterizadas por condi¢gbes climaticas adequadas a manutengdo dos vetores
durante todo o ano, permitindo a circulagao continua dos agentes entre os animais.

Nas areas de estabilidade enzodtica, a infeccao por Anaplasma marginale
ocorre geralmente nos primeiros dias de vida dos bezerros, pois os vetores estao
presentes de forma constante durante todo o ano. Nesses casos, 0s animais tendem
a desenvolver maior resisténcia a doenca devido a transferéncia de anticorpos
maternos por meio do colostro (Vidotto e Marana, 2001). A. marginale € uma riquétsia
intraeritrocitaria capaz de infectar uma grande proporg¢ao das hemacias dos bovinos,
podendo variar de 10% a 90% das células (Kieser et al., 1990). O periodo de
incubacao, ou fase pré-patente, apresenta ampla variagao, entre 7 e 60 dias, com
média de aproximadamente 28 dias. Apds a infecgdo das hemacias, observa-se um
aumento progressivo na quantidade de células parasitadas (Kocan et al., 2010),
podendo alcangar até 10° hemacias infectadas por mililitro de sangue (Scoles et al.,
2005). Essas hemacias parasitadas sdo posteriormente fagocitadas pelas células do
sistema reticuloendotelial, o que leva ao desenvolvimento de anemia e ictericia, sem

a presenca de hemoglobinemia ou hemoglobinuria (Kocan et al., 2010).



2.3Carrapato Rhipicephalus microplus
Rhipicephalus microplus possui ciclo de vida monoxeno, ou seja, desenvolve

todo o seu ciclo biolégico em um unico hospedeiro. Este carrapato possui dois ciclos
de vida, sendo que um ocorre no hospedeiro (ciclo de vida parasitario) e outro em vida
livre (ciclo de vida livre) (Gonzales, 1993; Pereira et al., 2008).

A fase parasitaria inicia-se com a fixagao da larva infestante ao animal, que
inicialmente alimentam-se de linfa, seu corpo se dilata, sofre uma muda metamoérfica
chamada de metalarva (octopode), e por ruptura de suas paredes do abdome, é
liberada a ninfa, em torno do oitavo dia apos a fixagdo. Neste estagio ja comecga a se
alimentar de sangue (Gonzales, 1993; Pereira et al., 2008).

A ninfa se alimenta, sofre outra muda e libera a metaninfa, e a partir desta fase,
os instares sofrem a diferenciagdo sexual. Os machos jovens sdao denominados
neandros e ao se tornarem adultos gonandros (15° dia apds a fixagao). Os machos
sdo menores que as fémeas, e percorrem o corpo do animal, alimentando-se de
sangue e fecundando varias fémeas (Gonzales, 1993; Pereira et al., 2008).

A fémea jovem é denominada nedgina e ao redor do 18° dia, denomina-se
partendgina, quando apresenta maturidade sexual. Apds a fecundacdo, a fémea
continua seu repasto sanguineo ingurgitando-se totalmente ao fim do periodo
parasitario, quando passa a ser denominada teledgina (ao redor do 21° dia, quando
se desprende do animal) (Gonzales, 1993; Pereira et al., 2008).

A teledgina cai no solo para iniciar a postura. A fase de vida livre inicia-se
quando a teledgina se desprende do hospedeiro e cai ao solo, e em seguida, procuram
areas protegidas dos raios solares diretos, com temperatura e umidade favoraveis,
para iniciar a postura (Gonzales, 1993; Pereira et al., 2008).

No solo, inicia-se o periodo de pré-postura, que dura entre 2 e 3 dias. Ao final
deste periodo, inicia-se o periodo de postura, dura cerca de 15 dias, sendo que o 5°
dia é aquele onde ocorre a maior producao de ovos. A eclosao das larvas (hexapode)
inicia- se ao redor do 7° dia apods o final do periodo de postura e se completa em mais
sete dias quando se tornam infestantes, aptas a se fixarem nos bovinos e iniciarem
novamente o ciclo de vida parasitario (Gonzales, 1993; Pereira et al., 2008).

A fase de vida livre do carrapato pode variar, podendo ser mais curta ou mais

longa, dependendo da temperatura e umidade do ambiente. No periodo de outubro a
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margo, meses considerados mais quentes e chuvosos, o desenvolvimento dos ovos €
mais rapido, quando comparado aos meses de abril a setembro, cujas temperaturas
sao mais secas e frias. Aproximadamente 95% da populacdo de carrapatos esta
presente no ambiente (na fase de vida livre), seja como larvas infestantes e ovos, ou

fémeas em periodo de pré-postura e postura (Kohek Junior, 2015).

2.4 As racas Angus e Ultrablack
A raca Aberdeen Angus se destaca por sua elevada fertilidade, baixo peso ao

nascer, baixa mortalidade de terneiros, precocidade de puberdade, facilidade de parto,
habilidade materna e excelente qualidade de carne e carcaga ( ABA, 2020, Fraser,
1959; Williams, 1967; Santiago, 1975).

Originaria de um grupo relacionado as ragas mochas locais do nordeste e
centro da Escocia, a Aberdeen Angus desenvolveu-se em condigdes climaticas
rigorosas, 0 que favoreceu sua rusticidade e vigor produtivo (Fraser, 1959; Willians,
1967; Felius, 1985).

Apesar de ser adaptada principalmente a regides de clima temperado, em
ambientes tropicais sua utilizagdo ocorre predominantemente por meio de
cruzamentos com ragas zebuinas, buscando maior adaptacdo ambiental sem
comprometer o desempenho produtivo e a qualidade da carne (Santiago, 1975). A
raca também apresenta forte prepoténcia em cruzamentos, garantindo transmissao
consistente de caracteristicas desejaveis a progénie (ABA, 2020).

A raga Ultrablack apresenta elevada propor¢do de genética Angus
(aproximadamente 80%), conforme estabelecido nos regulamentos de registro
genealdgico da Associacao Brasileira de Angus (ABA, 2020). Originaria da Australia,
trata-se de uma raga sintética resultante do cruzamento entre animais da raga Angus
e zebuinos, mantendo no minimo essa propor¢ao de sangue Angus (ABA, 2020). Os
exemplares apresentam aptiddo para corte, sendo caracterizados por serem mochos,
de pelagem lisa, preta ou vermelha, além de apresentarem temperamento ddcil, boa
habilidade materna e baixo peso ao nascer.

Essa composicdo genética combina caracteristicas produtivas e reprodutivas
desejaveis de racas taurinas com a adaptabilidade dos zebuinos, resultando em
animais com bom desempenho produtivo e reprodutivo. De acordo com a International

Brangus Breeders Association (IBBA), a raga Ultrablack associa a adaptabilidade
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ambiental e a exceléncia materna do Brangus ao elevado marmoreio, facilidade de
parto e reconhecimento da ragca Angus.

O vigor hibrido em bovinos de corte esta relacionado a melhorias no
desempenho produtivo e reprodutivo, incluindo maior taxa de prenhez, melhor
desempenho ao desmame, maior capacidade de servigo dos touros, aumento do
perimetro escrotal e maior produgao espermatica, além de ganhos em crescimento e
qualidade de carcaca, especialmente em sistemas de cruzamento entre racas taurinas

e compostas (Battistelli et al., 2013).

2.5 Resposta imune inata e adaptativa de bovinos

A resisténcia dos bovinos as infec¢des por Babesia bovis, Babesia bigemina e
Anaplasma marginale resulta da interacdo entre mecanismos da imunidade inata e
adaptativa, bem como da influenciada idade, de fatores genéticos e fisiolégicos. A
imunidade inata atua como primeira linha de defesa, desencadeando respostas
rapidas mediadas por macréfagos, neutréfilos e células NK, que produzem citocinas
pré-inflamatérias, como IFN-y e TNF-a, e metabdlitos tdéxicos, incluindo os
intermediarios reativos de nitrogénio (RNI) e oxigénio (ROI), fundamentais para limitar
a replicacgao inicial dos hemoparasitas (Bock et al., 2004; Brown et al., 2006).

Nos casos de infec¢ao por Babesia spp., macrofagos esplénicos ativados por
IFN-y desempenham papel central na destruicdo de eritrécitos parasitados por meio
da liberagao de 6xido nitrico (NO), cuja acéo é dose-dependente e inibitoria sobre B.
bovis (Shoda et al., 2000; Goff et al., 2002). Em bezerros jovens, essa resposta ocorre
de forma precoce, com rapida expressao de IL-12, IL-18, IFN-y e NO, explicando sua
maior resisténcia clinica a babesiose severa. Em contraste, bovinos adultos
apresentam resposta tardia e modulada por IL-10, o que favorece quadros clinicos
mais graves (Brown et al., 1996; Shoda et al., 2000).

A imunidade adaptativa também contribui significativamente para a resisténcia
frente as babesioses. A ativagao de linfécitos T CD4+ induz perfis Th1, com produgao
de IFN-y, TNF-a e IL-2, que promovem ativagdo de macréfagos e diferenciacéo de
linfécitos B em plasmdécitos. Os anticorpos produzidos atuam como opsoninas,
favorecendo a fagocitose e auxiliando na resolugdo da parasitemia (Mahoney et al.,

1979). A manutencéo de infecgao persistente, com baixa parasitemia nao clinica,
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caracteriza a imunidade concomitante, responsavel por conferir protecao duradoura
contra manifestagdes clinicas mesmo na presencga de infecgao continua (Brown et al.,
2006).

Do ponto de vista genético, ha evidéncias consistentes de que bovinos Bos
taurus indicus apresentam maior resisténcia as babesioses que bovinos Bos taurus
taurus (Johnston e Sinclair, 1980; Bock et al., 1997, 1999). Zebuinos apresentam
menor parasitemia, menor gravidade clinica e melhor capacidade de controlar o
parasita, enquanto animais europeus ou mesticos demonstram maior suscetibilidade,
resultando em maior necessidade de vacinagao e manejo preventivo (Jonsson et al.,
2008).

Nos estudos realizados por Giglioti et al. (2018) foram observadas
repetibilidades das infec¢des por B. bovis, B. bigemina e A. marginale de 0,35; 0,32 e
0,48, respectivamente, sugerindo que ha variabilidade individual na resisténcia e que
esta pode ser utilizada como critério de selegdo dentro de programas de
melhoramento genético.

Quanto a anaplasmose bovina, embora os mecanismos imunolégicos sejam
menos elucidados, sabe-se que animais infectados podem controlar a fase aguda,
porém desenvolvem infeccbes persistentes associadas a variagdo antigénica de
proteinas de superficie (MSP-1, MSP-2 e MSP-3), o que dificulta a completa
eliminacao do patdgeno (French et al., 1998; 1999). A resposta adaptativa nesse caso
depende de células T CD4+ de memodria, que reconhecem epitopos conservados
dessas proteinas e produzem IFN-y e TNF-q, contribuindo para o controle parcial da
infeccao (Brown et al., 1998a; 1998b).
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CHAPTER 2 - Expression patterns of chemokine mediators and TLR10 in
natural bovine babesiosis and anaplasmosis infections '

ABSTRACT- Cattle tick fever, caused by the protozoa Babesia bovis and B.
bigemina and the rickettsial bacterium Anaplasma marginale, represents a significant
constraint to livestock productivity worldwide. Taurine cattle are considered more
susceptible to these hemoparasites than zebuine breeds. Chemokines and Toll-like
Receptors (TLRs) play key roles in immune processes such as chemotaxis and
inflammation, primarily through interactions with respective receptors. This study
assessed the relationship between the expression of four chemokine-related genes
(ccr3, cxcl12, cxcl8, and cxcr1) and one TLR (tir10) with the infection levels of B. bovis,
B. bigemina, and A. marginale in 24 naturally infected calves from two genetic groups
(Angus [n = 13; 100% taurine] and Ultrablack [n = 11; 82% Angus, 18% zebuine]).
Blood samples were collected every 30 days over six time points (Nov 2021-Apr 2022).
DNA was used to quantify hemoparasite loads by qPCR (log DNA copy number,
CNlog), while RNA was used for RT-gPCR-based gene expression analysis. A mixed
model was used to assess associations between gene expression and infection levels,
controlling for evaluation, sex, genetic group, and their interactions. All genes,
except cxcl12, showed significant associations with at least one hemoparasite.
Higher B. bovis and B. bigemina CNlog values were linked to reduced expression of
most genes, whereas A. marginale infection was associated with increased gene
expression. These findings highlight distinct immune modulation strategies by
hemoparasites and underscore the need for species-specific interventions. Further
studies are required to explore the mechanisms by which these mediators influence
susceptibility or resistance in cattle.

Key-words: Chemokines, TLRs, tick fever, immune modulation, gene expression.

1. INTRODUCTION
Cattle tick fever is a disease complex involving infections by the protozoa

Babesia bovis and/or B. bigemina, as well as the rickettsial bacterium Anaplasma
marginale (Guglielmone and Robbins, 2023). In Brazil, the tick Rhipicephalus

microplus is the primary vector of bovine babesiosis and anaplasmosis. Tick fever is

" Este capitulo corresponde ao artigo cientifico publicado na revista Ticks and Tick-borne Diseases, V.
16, n. 6, p. 102546, 2025.
https://doi.org/10.1016/j.ttbdis.2025.102546
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considered one of the most significant parasitic diseases affecting cattle, causing
substantial economic losses in the Brazilian livestock industry. According to Grisi et al.
(2014), parasitic infestations in cattle result in annual economic losses of
approximately US$13.96 billion in Brazil, with R. microplus alone responsible for about
US$3.24 billion.

These infections may occur asynchronously or manifest simultaneously in the
same animal. Babesiosis parasitizes erythrocytes, causing intravascular hemolytic
anemia, which is the primary clinical sign (Bock et al., 2004). In contrast, anaplasmosis
leads to anemia and extensive hemolysis (Kocan et al., 2010; Tucker et al., 2016). The
economic impacts of babesiosis and bovine anaplasmosis extend beyond mortality
and include morbidity, abortions, reduced meat and milk production, increased
veterinary costs, and restrictions on international trade of cattle products (Kocan et al.,
2003; Bock et al., 2004). Both diseases have high morbidity and mortality rates,
particularly in areas of enzootic instability (McCosker, 1981).

Zebu breeds are widely used in tropical regions due to their greater resistance
to ticks and tick-borne diseases. Crossbreeding taurine and zebu breeds is a strategy
aimed at increasing productivity and has attracted interest among Brazilian producers
seeking to improve herd efficiency (Ibelli et al., 2012). However, productivity gains from
the introduction of taurine breeds and their crosses into beef cattle systems are often
limited by losses caused by hemoparasite infections and tick infestations (Oliveira et
al., 2013). It has been observed that Zebu cattle (Bos taurus indicus) show greater
resistance to B. bovis, B. bigemina, and A. marginale infections than European cattle
(Bos taurus) (Parker et al., 1990; Bock et al., 1997).

Chemokines are small molecules initially described as chemotactic cytokines
(Luster, 1998), playing a fundamental role in both innate and adaptive immunity. These
proteins regulate the activation and recruit ment of leukocytes and other cell types,
guiding their migration during inflammation and under basal conditions (Bachelerie et
al., 2014; Fox man et al., 1997; Mantovani et al., 2001; Russo et al., 2014). Severe
babesiosis is also considered an immune-mediated disease, characterized by an
excessive inflammatory response, particularly the over production of pro-inflammatory
cytokines and chemokines.

Pro-inflammatory cytokines and chemokines, particularly tumor necrosis factor-
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alpha (TNF a ), interferon-gamma (IFN-y), monocyte chemoattractant protein-1 (MCP-
1, also known as CCL2), keratinocyte- derived chemokine (KC, or CXCL1), interferon
gamma-induced protein 10 (IP-10, or CXCL10), interleukin-6 (IL-6), IL-8 (CXCLS8), IL-
12, IL-18, granulocyte-macrophage colony-stimulating factor (GM-CSF, or CSF-2), and
high-mobility group box 1 protein (HMGB-1), play roles in the development of these
complications (Zygner et al., 2023).

Galan et al. (2018) evaluated immune response mediators in dogs infected with
Babesia canis and found negative correlations between IL-8 and packed cell volume,
suggesting that increased IL-8 concentrations occur in parallel with hemolysis. In a
five-year follow-up of a human patient infected with Babesia venatorum, Zhao et al.
(2020) observed that serum cytokine and chemokine concentrations correlated with
symptom severity. Additionally, transcriptome analysis and extensive protein profiling
revealed previously unreported cytokines involved in the course of babesiosis,
including IL-13, IL-15, IL-17A, CCL2, CCL5, CCL20, CXCL1, CXCL8, CXCL2, CXCL3,
and GM-CSF.

Genes encoding Toll-like receptors (TLRs) play a crucial role in the innate
immune response, recognizing pathogen-associated molecular patterns (PAMPs) and
activate downstream immune signaling (Takeda et al., 2003). TLRs are found in a wide
range of organisms (Akira et al., 2006) and function as cell surface signaling molecules
essential for initiating defense against infections. TLR10 is expressed in organs such
as the lymph nodes, spleen, thymus, and lungs, and in immune cells including
macrophages and neutrophils (Chuang and Ulevitch, 2001). The mRNA of tIr10 is
detectable during early B cell development, with translation occurring mainly during
differentiation (Bourke et al., 2003).

Therefore, investigating the expression of genes related to immune activation
and inflammation, such as chemokines and TLRs, may help identify genetic markers

associated with resistance to babesiosis and anaplasmosis in cattle.

2. MATERIALS AND METHODS

2.1 Experimental animals and blood collections
One hundred RNA samples were obtained from 24 calves. The calves

originated from the municipality of José Bonifacio (S&o Paulo, Brazil; coordinates 21 2
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'23"S,49-41'28 " W) and belonged to two breeds: Angus (n = 13; 10 females and
3 males) and Ultrablack (n = 11; 5 females and 6 males). At the beginning of the
experiment, the average ages of the calves from the Angus and Ultrablack genetic
groups were 2.8 £ 1.6 months and 2.1 + 1.3 months, respectively. For the Angus group,
ages ranged from 13 to 150 days, while for the Ultrablack group, ages ranged from 13
to 137 days. According to breeder records, the Ultrablack breed was produced by
crossing Brangus cattle (3/8 Zebu and 5/8 Angus), resulting in a zebuine genetic
composition of approximately 18%, which corresponds to half the zebuine proportion
present in the Brangus parent breed. Six sampling events were conducted at average
intervals of 30 days between 10 November 2021 and 19 April 2022 (1st to 6th: 24-Nov-
21, 21-Dec-21, 19-Jan-22, 15-Feb-22, 16-Mar-22, 19-Apr-22). This resulted in a total
of 100 observations, considering that each animal was present in at least three
evaluations. Some evaluations did not allow for the collection of samples suitable for
obtaining RNA of acceptable integrity.

Previous studies have shown that the region under study is endemic for R.
microplus infestations, which also favors the occurrence of babesiosis and
anaplasmosis (Giglioti et al., 2016; Frabetti et al., 2023; Azevedo et al., 2024). During
the experimental period, the animals were constantly exposed to natural infestation by
the tick vector R. microplus. At all evaluations, the animals had a tick infestation score
= 1 (mean of 1.82 £ 0.19, corresponding to approximately 60 ticks) (Frabetti et al.,
2023). The calves were kept in rotated paddocks comprising coast-cross grass
(Cynodon dactylon (L.) Pers). Tick controls were performed every 21 days by applying
of fipronil pour-on (Topline®). Hemoparasite controls were performed when animals
showed clinical signs. Throughout the study, all animals were closely monitored and
showed no clinical signs of other diseases.

Blood samples from each animal at each evaluation were collected using

vacuum tubes with EDTA anticoagulant and submitted for RNA and DNA extraction.

2.2 DNA extraction and qPCR
Blood samples containing EDTA were processed for DNA extraction using the

Wizard® Genomic DNA Purification Kit, following the man ufacturer’s protocol for
isolating genomic DNA from 300 uL of whole blood (Promega®, Madison, USA). The

purity and concentration of the extracted DNA were assessed using a BioDrop
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spectrophotometer (Bio Drop uLITE, Biochrom Ltd., UK). The DNA was then diluted in
TE buffer (Tris-EDTA, pH 7.8) to a concentration of 20 ng/uL and stored at 20 until
further analysis.

Absolute quantification of copy numbers of B. bovis (CNi,g*°) and B. bigemina
(CNig'9) was performed by quantitative PCR (qQPCR) as described by Okino et al.
(2018), using primers and probes targeting the mitochondrial cytochrome b (mt-cyB)
gene, generating 98 bp amplicons. gPCR assays for quantifying A. marginale (CNig®")
infection levels were performed according to Giglioti et al. (2019), using primers and
probes targeting a 119-nucleotide fragment of the major surface protein 1b (msp1b)
gene.

The PCR assays were carried out using the CFX™ Real-Time PCR Detection
System (Bio-Rad, CA, USA), with a total reaction volume of 10 pyL. Each reaction
contained 2 uL of 5 x HOT FIREPol Probe Universal gPCR Mix (Solis BioDyne, Tartu,
Estonia), 0.5 pL of each primer (10 uM), 0.5 pL of probe (2.5 uM), 4.0 uL of nuclease-
free water, and 2.0 pL of DNA template. The thermal cycling protocol included an initial
step of 10 min at 95° C, followed by 40 cycles of denaturation at 95° and
annealing/extension at 60° C for 15 s C for 1 min. All samples were analyzed in
duplicate, alongside positive and negative controls. For each hemoparasite, a
calibration curve was generated using synthetic gBlocks® gene fragments (IDT, IA,
USA). These gBlocks® fragments, representing the target sequences of B. bovis, B.
bigemina and A. marginale, were serially diluted 10-fold to establish the standard

curve.

2.3 RNA extraction and cDNA synthesis
RNA was extracted from whole blood samples from each animal following the

methodology described by Giglioti et al. (2022). The extraction was performed within
24 h after blood collection. RNA concentration and purity were measured using a
BioDrop spectrophotom eter (BioDrop). RNA integrity was assessed by
electrophoresis on a 1.5% agarose gel. The RNA samples were then treated with RQ1
RNase-Free DNase (Promega) following the manufacturer's instructions. cDNA
synthesis was performed using the High-Capacity cDNA Reverse Transcription Kit with
RNase inhibitor (Applied Biosystems, CA, USA), following the manufacturer’s protocol
and using Oligo(dT) primers (IDT). To ensure the reliability of the qPCR results, RNA
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integrity was confirmed by gel electrophoresis (Supplementary information 1).

2.4 Relative gene expression
Primers for the target genes were designed using PrimerQuest software (IDT).

Their specificity and quality were evaluated using Net Primer, OligoAnalyzer (IDT),
NCBI BLAST, and Primer-BLAST. Details of the primer sets for the target genes are
provided in Table 1. RT-qPCR reactions were performed using a CFX96 system (Bio-
Rad) in a final volume of 10 uL, containing 2 yL of 5 xHOT FIREPol EvaGreen qPCR
Mix Plus (Solis Biodyne), 0.3 pyL (10 pM) of each primer, 2.4 pL of ultrapure water
(Sigma-Aldrich), and 2 pyL of cDNA (approximately 50 ng). One initial cycle of
enzymatic activation at 95°C for 12 min was followed by 35 cycles of denaturation at
95°C for 15 s, annealing at 63°C for 30 s, and extension at 72°C for 30 s. After
amplification, melting curve analysis was performed by increasing the temperature
from 60°C to 95°C in 0.5°C increments, with a 5-second hold at each step.

The reference genes used for normalization were those previously described by
Giglioti et al. (2022): beta-actin (actb), beta-2-microglobulin (b2m), glyceraldehyde 3-
phosphate dehydroge nase (gapdh), peptidylprolyl isomerase A (ppia), and tyrosine 3-
monoox ygenase/tryptophan 5-monooxygenase activation protein zeta (ywhaz). The
algorithms used to identify the most stable genes were geNorm (Vandesompele et al.,
2002), NormFinder (Andersen et al., 2004), and BestKeeper (Pfaffl et al., 2004).
Additionally, a final ranking of the most stable genes was obtained using the
RankAggregated tool, which applies a Monte Carlo cross-entropy algorithm (Pihur et
al., 2007).

Relative gene expression was calculated using the 2 AACt method (Livak and
Schmittgen, 2001). The b2m and ppia genes were identified as the most stable and
were used to normalize the quantification cycle (Cq) values (Supplementary
information 2). The Cq values were normalized using the geometric mean of ppia and
b2m, and fold changes in gene expression were calculated using the 2 AACt method.
Fold change values for each target gene, along with DNA copy number (CNiog), were
used as covariates in the mixed model regression. Melting peaks were examined to
assess amplification specificity, confirming the presence of a single product for each
reaction (Supplementary information 3).

Table 1. Sequences of oligonucleotides used in the RT-qPCR assays. Primer
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sequences (forward [F] and reverse [R]) for amplifying target genes, along with their
corresponding GenBank accession IDs, gene symbols, amplicon sizes (base pairs,

bp), and 5'—3' nucleotide sequences.

GenBank ID Gene Sequence 5' - 3' Size (pb)
s F- CCAACATCTACCTGCTCAAC o
GU936961.1 R: CCACTCGTTCCACCTAACA
F: GCCGATTCTTTGAGAGCCA
NM_ 0011131741 X912 R GCACACTTGCCTATTGTTGTTC 119
F: GCTGGCTGTTGCTCTCTT
KX013247.1 oxcl8 R GGTGGAAAGGTGTGGAATGT 125
F: GCTGTTCTGCTACGGATTCA
JQ410019.1 oxert R: CGAGCACGACAGCAAAGAT 9
1o F: GCCCAAGGATAGGCGTAAAT .
AM086210.1 R: CAGAACCTCCAAACCCTTCAT

2.5 Statistical analyses

Statistical analyses were conducted using SAS PROC MIXED in SAS 9.4 (SAS
Institute Inc., Cary, NC, USA), employing the Restricted Maximum Likelihood (REML)
method to estimate variance components.

Prior to the main analyses, all evaluated variables were pre-corrected for the
animals age effect at each evaluation, using a model that included the fixed effects of
genetic group and sex. For each analysis, a dependent variable (fold change values
ccr3, cxcl12, cxcl8, cxcrl, or tlr10 genes) was used in the model. This model included
fixed effects for the factors: evaluation, sex, and genetic group, as well as the
interactions between sex and genetic group and between genetic group and
evaluation. The covariates CNigb'9, CNiog?°, and CNiog?” were included in the model with
regression coefficients that quantified their influence on the response variable
(expression of each target gene). The animal effect was included as a random factor,
and repeated measures from the same animal were used. The assumed covariance
matrix model was a first-order autore gressive (AR(1)) structure. The significance of
effects was assessed using the F-test (a =0.05). The model equation is described

below:

Yikm = + Ai + Bj + Cx + B. Cix + C.Aki + B1D1 + B2Em + Gp + €jjkim
where:

Yijkim dependent variable (target genes - ccr3, cxcl12, cxcl8, cxcri, or tir10)
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U mean

AiFixed effect of evaluation

B; Fixed effect of sex

Ck Fixed effect of genetic group

B.Cjk Fixed interaction effect between sex and genetic group
C.Ax Interaction between genetic group and evaluation

B1D, Effect of the CNlog bi covariate

B2Em Effect of the CNlog bo covariate

BsFn Effect of the CNlog an covariate

Gp~N (0, 0%c) Random effect of the animal

ejiim~N(0,02) Residual error.

3. RESULTS
The mean values of untransformed DNA copy numbers (copies/uL), followed by

the frequencies of positives for infections with B. bovis, B. bigemina, and A. marginale,
were 35.0 (log = 1.54; 88.0%, n = 88), 791.0 (log = 2.90; 98.0%, n = 98), and 20,326
(log = 4.33; 100%, n = 100), respectively (Supplementary information 4).

Data analysis revealed no significant effects (p > 0.05) of the studied genes
regarding genetic group, sex, or their interactions. Only the evaluation effect was
significant (p < 0.05). Furthermore, gene expression levels varied across the six
evaluations, corresponding to fluctuations in the DNA copy number of hemoparasites
(Fig. 1).

Except for cxcl12, all genes showed significant associations (positive or
negative) with at least two hemoparasite species (Table 2). This association indicates
that for each unit increase in CNiog, there is a decrease (when negative) or an increase
(when positive) in the estimated gene expression value. For example, the estimated
value for the relationship between ccr3 and CNiogP's shows that, for each unit of CNiogblg,
there is a decrease of 0.43 in ccr3 gene expression (Table 2). Similarly, the positive
estimated value between tIr10 and CNiogshows that, for each unit of CNloga", there is an
increase of 0.60 in tIr10 gene expression (Table 2).

All estimated values for each target gene associated with the CNiog of each

hemoparasite species are shown in Fig. 1. It was observed that for all significant CNiog
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values of B. bovis and B. bigemina, gene expression decreased, whereas for A.

marginale, the relationship was inverse (Fig. 1).
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Fig. 1. Relationship between DNA copy number (CNlog, copies/uL) and estimated gene expression (fold change) levels. Bars
represent the regression estimates (solution for fixed effects) for the genes ccr3, cxcl8, cxcr1, and tir10 across six evaluations.
The genes ccr3, cxcl8, and cxcr1 are chemokines, while tIr10 is a Toll-like receptor. Panels A, D, F, and H show CNlog for B.
bigemina; panels B, E, and G show CNlog for B. bovis; and panels C and | show CNlog for A. marginale. Arrows indicate the
relationship between CNIlog and gene expression: arrows in opposite directions (cyan and beige bars) suggest an inverse
relationship (i.e., increased CNiog associated with decreased gene expression), while arrows in the same direction (beige bars)

indicate a positive relationship (i.e., both CNiog and gene expression increase). Evaluations: 1st to 6th (24-Nov-21, 21-Dec-21,
19-Jan-22, 15-Feb-22, 16-Mar-22, 19-Apr-22).
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Table 2 Estimated effects of the association between DNA copy number (CNiog) and
gene expression levels. Negative effect values indicate an inverse relationship, where
increased CNiog is associated with decreased gene expression. Positive values
indicate a direct relationship, where both CNiog and gene expression increase. CNiog P9
= CNlog B. bigemina; CNiog *°¥ = CNlog B. bovis; CNiog 2" = CNlog A. Marginale.

Expression gene levels

DNAIog
copy ccr3 cxcl8 cxcl12 cxeri tir10
number

effect P effect A effect a effect a effect A

value value value value value

CNiggPe  -0.43 0.006** -0.40 0.046** . ns -0.88 0.009** -049 0.015
CNiog®¥  -0.24 0.037** -0.35 0.073* . ns . ns -0.37 0.056*
CNiog2™@  0.38 0.003** . ns . ns - ns 0.60 0.004
4. DISCUSSION

The results of this study demonstrate distinct patterns of gene expression in
response to different hemoparasite infections in cattle. The observed downregulation
of chemokine genes (ccr3, cxcl8, and cxcr1) during Babesia bovis and B. bigemina
infections suggests a potential mechanism of immune modulation or suppression by
these protozoan parasites. This finding aligns with previous reports that Babesia
species interfere with host immune responses to establish persistent infections. Goff
et al. (1998) provided evidence that B. bovis infection induces the production of
interleukin-10 (IL-10), which can downregulate the expression of pro-inflammatory
cytokines and nitric oxide, thereby aiding parasite persistence. According to Brown et
al. (2006), B. bovis typically induces severe, potentially lethal infections in mature
cattle. Following recovery, animals develop persistent infections without clinical signs.
These persistently infected cattle acquire resistance to subsequent infections by
similar parasite strains, a phenomenon known as concomitant immunity.

This immunosuppressive profile is further supported by the functional roles of
the downregulated chemokines. The receptor CXCR1 (also known as IL-8RA, IL-8R-I,
or IL-8R) interacts with chemokines such as CXCL2, CXCL3, CXCL5, CXCL6, CXCL7,
and CXCLS8, and is expressed in polymorphonuclear granulocytes, monocytes,

astrocytes, endothelial cells, and mast cells. Meanwhile, the CCR3 receptor (also
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known as CKR3, CC CKR3, EotR, or CMKBR3) binds to CCL5, CCL7, CCL8, CCL11,
CCL13, CCL14, CCL15, CCL24, and CCL26, acting on eosinophils, basophils, T cells
(Th2 >Th1), dendritic cells, platelets, and mast cells. Additionally, CXCL8 (IL-8/NAP-
1), an inflammatory chemokine, primarily induces chemotaxis in neutrophils, but also
in T cells, basophils, and endothelial cells (Le et al., 2004; Palomino and Marti, 2015).
The suppression of these pathways during Babesia infection may therefore reflect a
parasite strategy to dampen inflammatory and adaptive immune responses, facilitating
chronicity.

The negative correlation between parasite load and chemokine expression
suggests an evolutionary adaptation of parasites to evade host defenses through the
suppression of inflammatory responses. In contrast, the positive correlation between
A. marginale infection levels and the upregulation of ccr3 and tir10 suggests a distinct
immune strategy against this rickettsial pathogen. Elevated expression of ccr3, which,
as previously mentioned, interacts with chemokines and play crucial roles in immune
signaling, could enhance chemokine production and the recruitment of immune cells.
This response may be directly influenced by the increasing parasitic burden of A.
marginale. The upregulation of these genes could indicate an active inflammatory
response, as TLR10 has been implicated in recognizing bacterial components and
initiating innate immune defenses (Hasan et al., 2005). Extensive studies on TLR2
have demonstrated that its association with TLR1 and TLR6 is essential for efficient
ligand binding, enabling the discrimination between triacylated and diacylated bacterial
lipopeptides (Takeda et al., 2002). Thus, according to Hasan et al. (2005), TLR10 may
potentially act as a coreceptor for these TLRs and therefore recognize similar ligands.
This differential response between protozoan and bacterial infections highlights the
complexity of host—pathogen interactions in co-infection scenarios.

The lack of significant differences in chemokine and TLR10 gene expression
between Angus (100% taurine) and Ultrablack (82% taurine/ 18% zebuine) cattle
aligns with Azevedo et al. (2024), who studied the same herd and found that the low
percentage of zebu ancestry in Ultrablack animals did not confer measurable
resistance to Babesia spp. According to these authors, due to Mendelian segregation
and crossing-over processes, the estimated proportion of zebu genetics resulting from

Ultrablack mating may differ from the actual proportion (~18%).
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Temporal variations in gene expression across the six sampling periods
underscore the dynamic nature of host-parasite interactions. The significant effect of
evaluation time on gene expression levels, independent of genetic group or sex,
suggests that environmental factors or infection progression may play a substantial
role in modulating immune responses. This variability may reflect natural fluctuations
in parasite load or the cyclical activation of the immune system during persistent
infections (Bock et al., 2004), emphasizing the importance of longitudinal studies for
understanding the immunology of hemoparasitic diseases. As noted by Brown et al.
(2001, 2006), evolutionary pressure favors parasites that establish persistent infections
through immune modulation rather than causing host mortality, with parasitemia often
cycling unnoticed in infected but otherwise clinically healthy animals. This typically
involves the induction of host responses that limit pathogen proliferation without
achieving complete clearance (Brown et al., 2006). Therefore, the use of repeated
measures and mixed models in this study effectively captured these temporal
dynamics, providing a robust analysis of the complex relationship between parasite
load and gene expression.

The contrasting relationships between gene expression and different parasite
species have important implications for understanding disease pathogenesis and
developing control strategies. The negative associations between Babesia infections
and chemokine expression suggest that these parasites may actively suppress host
immune responses, potentially contributing to their ability to establish chronic
infections. This finding is consistent with studies showing that Babesia can modulate
host cytokine production (Zygner et al., 2023). According to Zygner et al. (2023), the
immune response to the infection by B. canis is driven by pro-inflammatory cytokines
and chemokines, especially IFN-y, TNF a, IL-6, and IL-8. Their findings further indicate
that disease pathogenesis, including the development of anemia, results from a
disrupted equilibrium between pro-inflammatory and anti-inflammatory cytokine
networks.

In contrast, the positive association between A. marginale infection and
immune gene expression suggests that the host mounts a more pronounced
inflammatory response to this bacterial pathogen. This immune profile differs from that

observed in babesiosis and may help explain variations in clinical manifestations and
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disease outcomes between the two infections. Under the conditions of the present
study, these findings indicate that therapeutic or preventive strategies may need to be
tailored accordingly. Currently, there are no specific studies directly investigate the
ccr3 and tlr10 genes in cattle infected with A. marginale. Ahlawat et al. (2023)
demonstrated that A. marginale infection significantly alters the expression of multiple
cytokines and chemokines, including CXCL2 and CXCL8, which signal through
CXCR1. However, in our study, a significant association between cxcr1 gene
expression and A. marginale infection was not observed. Muller et al. (2021)
investigated the immune response of murine neutrophils to Anaplasma
phagocytophilum infection and noted that TLR7, TLR9, and the TRIF pathway play
significant roles in the production of pro-inflammatory cytokines such as MIP-1 a, TNF,
and IL-6. Although TLR10 was not directly studied, these findings highlight the
importance of Toll-like receptors in the immune response to Anaplasma infections. Our
results reinforce the hypothesis of an active inflammatory response during A.
marginale infection and provide insight into the mechanisms by which this pathogen
interacts with the bovine immune system. Consequently, immunomodulatory strategies
that harness or regulate this response could enhance disease control.

While our study did not find statistically significant associations between
hemoparasite species and cxcl12 gene expression, CXCL12 plays a crucial and
multifaceted biological role in immune regulation, cellular trafficking, and even general
cell proliferation. Known as SDF- 1 CXCL12 and its receptor CXCR4 are fundamental
for leukocyte trafficking and the retention and mobilization of hematopoietic cells,
including neutrophils, within the bone marrow (Pello et al., 2006; Siberski-Cooper et
al., 2024). Beyond immunity, CXCL12 also influences broader cellular dynamics,
including cell growth and proliferation (Zhang et al., 2019). Given its role in general cell
proliferation (Zhang et al., 2019) and the dynamic host-pathogen interactions in
persistent infections, the lack of statistical significance here does not preclude CXCL12
from playing a crucial, albeit indirect, role in the host response or parasite persistence
mechanisms. In the context of persistent infections, which are hallmarks of A.
marginale that evade clearance through mechanisms such as antigenic variation
despite antimicrobial treatment (Curtis et al., 2021; Mauri Pablo et al., 2025), our

findings of ccr3 and tir10 upregulation suggest a sustained inflammatory response,
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contrasting with the immunosuppression observed in Babesia.

These findings provide an additional foundation for future research aimed at
clarifying the specific mechanisms through which hemoparasites influence host gene
expression. Further studies will be essential to advance our understanding of host-

pathogen interactions and to support the development of targeted control strategies.

5. CONCLUSION

Our study elucidates the roles of chemokines and Toll-like receptors in bovine
immune responses to infections with Babesia bovis, B. bigemina, and Anaplasma
marginale. The observed downregulation of ccr3, cxcl8, and cxcr1 in response to
Babesia spp. suggests a parasite-driven immune evasion strategy that may contribute
to chronic infection. Conversely, the upregulation of ccr3 and tIr10 during A. marginale
infection indicates a more pronounced pro-inflammatory response, which may
contribute to the elimination or reduction of the infection. The absence of significant
differences between Angus and Ultrablack cattle underscores the complexity of genetic
resistance, suggesting that a higher proportion of zebuine ancestry may be necessary
to produce detectable phenotypic effects. Our findings contribute to a better
understanding of host- pathogen dynamics in tick-borne diseases and emphasize the

importance of species-specific immunomodulatory approaches.
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Supplementary information 1. Evaluation of the RNA integrity was performed by gel

electrophoresis. All the individual results were presented below (n= 100).
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Supplementary information 2. Gene classification based on the stability values and
ranking of the three algorithms used and the general rank obtained by RankAggreg.

BestKeeper .
Gene (power of the geNorm (M- Norm-Finder (S- RankAgree
value) value)
gene)

PPIA 0.41 (1) 0.39 (1) 0.45 (2) 2

B2M 0.41(2) 0.39 (1) 0.42 (1) 1
GAPDH 0.61 (3) 0.97 (4) 0.91 (5) 4
YWHAZ 0.89 (4) 0.75(2) 0.78 (3) 3
ACTB 0.92 (5) 0.89 (3) 0.83 (4) 5
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Supplementary information 3. Melting curves for the target genes (ccr3, cxcl12,
cxcl8, cxcr1, and tIr10) obtained by real-time PCR. Each peak represents the specific
dissociation temperature (T,,) of the amplified product, demonstrating amplification
specificity. The x-axis indicates temperature (°C) while the y-axis shows the negative
derivative of fluorescence (-dF/dT).
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Supplementary information 4. Mean DNAlog copy number (lines, left y-axis) and
frequency of positives (bars, right y-axis) for Babesia bovis, Babesia bigemina, and
Anaplasma marginale across six consecutive evaluations (1st to 6th: 24-Nov-21, 21-
Dec-21, 19-dan-22, 15-Feb-22, 16-Mar-22, 19-Apr-22). Lines represent mean DNAIlog
copy numbers for each hemoparasite, while bars indicate the corresponding
percentage of positive.
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