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Kakimori, Monica Tiemi Aline. Mycoplasma ovis e patégenos transmitidos por
carrapatos em cavalos e carrapatos de um assentamento rural do sul do Brasil.
2022. 56 f. Dissertagao (Mestrado em Ciéncia Animal) — Universidade Estadual de
Londrina, Londrina, 2022.

RESUMO

Patogenos transmitidos por carrapatos (PTC) sdo um importante grupo de organismos
que podem afetar animais e seres humanos na América do Sul. Hemoplasmose em
cavalos pode ser considerada uma infeccao acidental ou incomum. Portanto, este
estudo teve como objetivo determinar a ocorréncia dos agentes como Theileria equi,
Babesia caballi e Ehrlichia sp., e hemoplasmas em equinos de um assentamento rural,
localizado no Sul do Brasil, identificar as espécies de carrapatos e determinar 0s
fatores associados a exposicao/infeccdo. Amostras de sangue de 22 cavalos foram
triadas para anti-T. equi e anti-Ehrlichia spp. anticorpos por ensaios de anticorpos
fluorescentes indiretos (IFA). As amostras também foram testadas por ensaios de
PCR visando o gene 18S rRNA de T. equi e B. caballi, e o gene 16S rRNA de
hemoplasmas. Além disso, ensaios de PCR direcionados ao gene 16S rRNA, proteina
formadora de ligacao dissulfeto (dsb) de Ehrlichia spp. também foram realizados.
Carrapatos foram coletados dos animais (inspecao) e do ambiente (arrasto de flanela
e armadilhas de gelo seco), estes foram identificados por meio de chave de
identificacdo. Adicionalmente 28 carrapatos adultos provenientes dos animais e 4
ninfas provenientes do ambiente, tiveram as glandulas salivares extraidas e triadas
para Ehrlichia spp. (dsb gene) e Mycoplasma spp. (16S gene). Anticorpos para T. equi
e Ehrlichia spp. foram detectados em 22/09 (40,91%; IC 95%: 23,26-61,27%) e 22/07
(31,81%; IC 95%: 16,36-52,68%) cavalos, respectivamente. DNA de T. equi, B. caballi
e Mycoplasma spp. foram encontrados em 13/22 (59,09%), 1/22 (4,55%) e 11/22
(50%) cavalos, respectivamente, e todos foram negativos para Ehrlichia spp. Todas
as sequéncias apresentaram 299% de identidade com multiplas sequéncias de T. equi
(18S rRNA), B. caballi (rap-1) e Mycoplasma ovis (16S rRNA) depositadas no
GenBank. Todos os carrapatos adultos foram identificados como Dermacentor nitens
44/47 (93,62%) e Rhipicephalus microplus 3/47 (6,38%). Todas as glandulas salivares
foram negativas para o gene dsb de Erhlichia spp. Dois de 28 (7,14%) glandulas
provenientes de adultos dos animais foram positivos por PCR convencional, 11/28
(39,29%) e duas de 4 ninfas (50%) provenientes do ambiente foram positivos por PCR
real time para o gene 16S rRNA para Mycoplasma spp. Este € o primeiro relato de
infeccdo por M. ovis em equinos no Brasil, utilizando técnicas moleculares.
Mycoplasma spp. foi detectada em glandulas salivares de D. nitens e R. microplus,
sendo necessarios mais estudos para esclarecer a acéo vetorial dessas espécies. Foi
possivel observar uma baixa ocorréncia de Ehrlichia spp. e auséncia de PCR positivo
em regido onde ndo foram encontrados carrapatos Amblyomma sculptum.

Palavras-chave: Babesia caballi; Mycoplasma hemotropico; Theileria equi;
Dermacentor nitens; Ehrlichia spp.
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ABSTRACT

Tick-borne pathogens (TBP) are an important group of organisms that can affect
animals and humans in South America. Hemoplasma in horses can be considered an
accidental or unusual infection. Therefore, this study aimed to determine the
occurrence of agents such as Theileria equi, Babesia caballi and Ehrlichia sp., and
hemoplasmas in horses from a rural settlement located in southern Brazil, identify the
tick species and determine the factors associated with exposure/infection. Blood
samples from 22 horses were screened for anti-T. equi and anti-Ehrlichia spp.
antibodies by indirect fluorescent antibody (IFA) assays. The samples were also tested
by PCR assays targeting the 18S rRNA gene from T. equi and B. caballi, and the 16S
rRNA gene from hemoplasmas. In addition, PCR assays targeting the 16S rRNA gene,
a disulfide bond forming protein (dsb) from Ehrlichia spp. were also carried out. Ticks
were collected from the animals (inspection) and from the environment (flannel trawling
and dry ice traps), and they were identified by means of an identification key.
Additionally, 28 adult ticks from the animals and 4 nymphs from the environment had
their salivary glands extracted and screened for Ehrlichia spp. (dsb gene) and
Mycoplasma spp. (16S gene). Antibodies to T. equi and Ehrlichia spp. were detected
in 09/22 (40.91%; 95% CI: 23.26-61.27%) and 07/22 (31.81%; 95% CI: 16.36-52.68%)
horses, respectively. DNA from T. equi, B. caballi and Mycoplasma spp. were found in
13/22 (59.09%), 1/22 (4.55%) and 11/22 (50%) horses, respectively, and all were
negative for Ehrlichia spp. All sequences showed 299% identity with multiple T. equi
(18S rRNA), B. caballi (rap-1) and Mycoplasma ovis (16S rRNA) sequences deposited
in GenBank. All adult ticks were identified as Dermacentor nitens 44/47 (93.62%) and
Rhipicephalus microplus 3/47 (6.38%). All salivary glands were negative for Erhlichia
spp. by dsb gene. Two of 28 (7.14%) glands from adult animals were positive by
conventional PCR, 11/28 (39.29%) and two of 4 nymphs (50%) from the environment
were positive by real time PCR for the gene 16S rRNA for Mycoplasma spp. This is
the first report of M. ovis infection in horses in Brazil, using molecular techniques.
Mycoplasma spp. was detected in salivary glands of D. nitens and R. microplus, and
further studies are needed to clarify the vectorial action of these species. It was
possible to observe a low occurrence of Ehrlichia spp. and absence of positive PCR in
region where Amblyomma sculptum ticks were not found.

Keywords: Babesia caballi; hemotropic Mycoplasma; Theileria equi; Dermacentor
nitens; Ehrlichia spp.
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1 INTRODUCAO

As patogenos transmitidas por vetores (PTV), responsaveis por grandes
danos a saude humana e produtividade animal,) tem aumentado em todoo
mundo, principalmente em paises em desenvolvimento, tanto em animais
domésticos e silvestres, quanto em seres humanos (DANTAS-TORRES;
CHOMEL; OTRANTO, 2012; SALEEM et al., 2018). Devido a alteracbes
climaticas extremas, combinadas com mudancas socioecondmicas, 0S
carrapatos vem expandindo sua distribuicdo temporal, hospedeiros suscetiveis
e, por conseguinte, a transmisséo de patégenos (SUTHERST, 2004).

No Brasil, equinos executam funcdes importantes que os fazem estar mais
expostos a picada de carrapatos, além de doencas transmitidas por carrapatos,
como por exemplo: atividades de lazer, alimentagcédo, competicdo em eventos,
corridas equestres internacionais, transporte, equitacao terapéutica, e tracao
(HAUSBERGER et al., 2008; SALEEM et al., 2018). Além disso, o pais é
apontado como lider no pédio de producdo de equinos na América Latina com
aproximadamente 6 milhdes de cabec¢as e como o quarto maior produtor mundial
(FAO, 2017; IBGE, 2020).

Responséavel por regular diretrizes, recomendacfes internacionais e
medidas sanitarias em padrdes, a Organizacdo Mundial de Saude Animal (OIE)
€ responsavel pela circulacdo de animais vivos, seus produtos e
regulamentacdo do comércio seguro, incluindo equideos. Com o objetivo de
garantir a seguranca sanitaria do comércio internacional de animais terrestres
e seus produtos criou o Cddigo Sanitario dos Animais Terrestres (Terrestrial
Animal Health Code — TAHC). O guia determina parametros concernentes a
principal doenca transmitida por carrapatos que acomete equideos
(piroplasmose equina), como requisitos que precisam ser certificadas por
autoridades veterinarias de paises importadores e padrdes diagnosticos (OIE,
2014, 2017), visto que, se nao estiverem em conformidade, o transporte
internacional de animais pode ser restringido.

A principal doengca transmitida por carrapatos em equinos é a
piroplasmose equina, causada pelos agentes Theileria equi e Babesia caballi.
As prevaléncias altas caracterizam determinadas regiées como endémicas, em

gue varios animais podem apresentar-se como persistentemente infectados
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(SCOLES; UETI, 2015). Ademais, recentemente foi detectada no Brasil, por
métodos moleculares e sorolégicos, uma potencial nova espécie de Ehrlichia, e
com base na analise filogenética dos genes 16S rDNA, sodB e groEL, é
provavel que esta seja a mesma espeécie descrita recentemente na Nicaragua
(O’'NION et al., 2015; VIEIRA et al.,, 2016, 2018b). A falta de cuidados
veterinarios, ma nutricdo, manejo inadequado e trabalho excessivo , podem
agravar os impactos destas infec¢des sobre os animais (SCOLES; UETI, 2015).
Por conseguinte, equinos expostos a essas condicdes, como animais
provenientes de um assentamento rural, podem encontrar-se mais vulneraveis

a infeccao e apresentacao de sinais clinicos de tais patologias.
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2 REFERENCIAL TEORICO

2.1 CARRAPATOS DE IMPORTANCIA EM EQUINOS

Dermacentor nitens € a espécie de carrapatos mais comum parasitando
equinos e é extensamente distribuida no Brasil (LABRUNA et al., 2002). Embora
equinos sejam hospedeiros primarios dessa espécie, existem relatos de
infestacBes naturais em outros animais domeésticos e silvestres, como bovinos,
cées e onca-parda (BORGES; SILVA, 1994; FERREIRA; BEZERRA; AHID,
2010; MARTINS et al., 2015). Bovinos também podem ser considerados como
hospedeiros naturais D. nitens, porém o grau de infestacdo € baixo quando
comparado aos equinos, acreditando-se que o parasitismo em bovinos pode ser
acidental (BORGES; SILVA, 1994).

O carrapato D. nitens € monodxeno e possui predilecdo por infestar
areas como orelhas, regido perineal, crina e diverticulo nasal de equinos
(BORGES; LEITE, 1993; LABRUNA et al., 2002). Infestacbes massivas sao
capazes de ocasionar lesfes, ou até mesmo danos permanentes a cartilagem
nas orelhas; lesdes essas que podem propiciar o surgimento de infeccdes
secundérias e de miiases. (LABRUNA; AMAKU, 2006). D. nitens apresenta 3-4
geracdes por ano, na regiao sudeste do Brasil, sendo que 0os maiores picos de
infestacdo ocorrem no primeiro semestre do ano e nos meses de setembro e
outubro (BORGES; OLIVEIRA; RIBEIRO, 2000; LABRUNA et al., 2002). Essa
espécie ocorre em propriedades com pasto com supercrescimento misto e
pastagens limpas, que fazem ou nédo corte de pastagem anualmente, sendo
bem adaptada a diferentes variacdes ambientais (LABRUNA et al., 2001). A
técnica de rotacdo de pastagens com descanso durante o verao ndo elimina a

ocorréncia, poréem pode diminuir a infestacdo (LABRUNA et al., 2001).

Conhecido popularmente como “carrapato estrela”, o Amblyomma
cajennense sensu latum é vastamente disseminado nas Ameéricas (COOLEY;
KOHLS, 1944). No Brasil, esta distribuido em todo o territério nacional, sobre
tudo na regido sudeste (VIEIRA et al.,, 2002). A espécie é responsavel por
provocar perdas econOmicas por alto custo com acaricidas e reducdo de
produtividade dos animais (CUNHA et al., 2007; OLIVEIRA, 2004; PRATA;
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ALONSO; SANAVRIA; 1996). Equinos sao tidos como os principais hospedeiros
domésticos desse artropode (LABRUNA et al., 2002), no entanto, em virtude de
sua baixa especificidade parasitaria, ele é capaz de infestar diferentes espécies
de animais domésticos, silvestres e seres humanos (ARAGAO; FONSECA,
1961; PAROLA; RAOULT, 2001). Além disso, esse carrapato possui a
capacidade de transmisséo de varios patdégenos, entre eles o agente etiolégico
da Febre Maculosa Brasileira, a bactéria Rickettsia rickettsii, uma das principais
doencas vetoriais de interesse em saude Unica em diversas regides do Brasil
(PAROLA et al., 2013). A. Cajennense s.l. ainda é responsavel por transmitir T.
equi, outro patdgeno de transmissao vetorial (SCOLES; UETI, 2013). Seu ciclo
de vida é trioxeno e alguns fatores sdo capazes de beneficiar a sua disseminacéo
em equinos, como 0 uso pastagens altas, presenca de ervas e arbustos, além
do uso indiscriminado de tratamentos acaricidas quimicos, propiciando a
manutencao de formas resistentes de carrapatos no ambiente (LABRUNA et al.,
2001).

Rhipicephalus microplus, popularmente conhecido como carrapato
bovino, é responsavel por causar severos prejuizos econémicos na producao
animal, em areas tropicais e subtropicais. Os impactos econdémicos da
infestacdo estdo relacionados as perdas como diminuicdo no ganho de peso,
aumento na taxa de mortalidade, menor rendimento na carcaga, menor
producdo de carne, leite, risco de miiase e transmissao de doencas, além dos
gastos com medicamentos (RECK et al., 2014; ROCHA et al., 2011). Ainda que
tenha como hospedeiros preferencialmente bovinos, relatos de parasitismo em
outras espécies domésticas e silvestres tém sido documentados (DA SILVA et
al., 2018; SZABO et al., 2003). R. microplus foi descrito pela primeira vez em
1909 (ROHR, 1909) e de acordo com relatos de varios autores ao longo dos
anos, observa-se que a ocorréncia de R. microplus em equinos, de diferentes
regides do pais, pode ser frequente (BARBOSA etal., 1995;BATTSETSEG et al.,
2002; HEUCHERT et al., 1999; KERBER et al., 2009; LABRUNA et al., 2001,
NOGUEIRA et al., 2017; VIEIRA et al., 2013b). Além de ser responsavel pela
transmissao de T. equi (UETI et al., 2005), desmonstrando assim, a grande

importancia dessa espécie na sanidade equina.
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2.2 DOENGAS TRANSMITIDAS POR CARRAPATOS (DTCS) EM EQUINOS
2.2.1 PIROPLASMOSE

A mais importante doenca parasitaria que afeta equinos no mundo todo é
a piroplasmose equina (PE), uma doenca transmitida por carrapatos, que (WISE
et al., 2013; ZOBBA et al., 2008). Causada por T. equi (anteriormente B. equi)
e B.caballi, hemoprotozoarios pertencentes a ordem Piroplasmida. Muitos dos
protozoarios dessa ordem foram classificados de acordo com a morfologia do
parasito e células hospedeiras, nas quais se observa a esquizogonia em
eritrécitos associado a manifestacdo da doenca e especificidade do hospedeiro
(MANS; PIENAAR; LATIF, 2015). O género Theileria sediferencia por causar
primeiro uma infeccéo de leucdcitos por esporozoitos, depois ocorrea maturacao
de esquizontes em merozoitos e, apenas posterioemente, infectam eritrocitos
(UILENBERG, 2006). Por isso, algumas espécies do género Babesia foram
reclassificadas, como T. equi (MEHLHORN; SCHEIN, 1998).

A piroplasmose equina é endémica na Asia, e em grande parte da Europa,
Africa e Américas central e do Sul (OIE, 2014). E listada pela Organizacio
Mundial de Saude Animal (OIE) como uma doenga notificavel, responsavel pela
restricdo internacional do trafego dos animais infectados (OIE, 2017). A
ocorréncia da doenca é frequente em regibes tropicais, subtropicais e
temperadas, e a manutencao nas populagdes de equinos ocorre quando se tem
vetores artrépodes competentes (PASOLINI et al., 2018). O Brasil € endémico
para T.equi, sendo que a prevaléncia € dependente de varios fatores como por
exemplo o tipo de criacdo dos animais e espécies de carrapatos existentes na
regido estudada (HEIM et al.,2007).

A transmissao ocorre por meio carrapatos infectados da familia Ixodidae,
dos géneros Amblyomma, Dermacentor, Rhipicephalus,Hyalomma e Ixodes,
onde ocorre a transmisséao intraestadial (IE), transestadial (TE) e transovariana
(TO) (SCOLES; UETI, 2015). No Brasil, por R. microplus (IE, TE) e D. nitens
(IE, TE e TO) séo os principais vetores para 0s agentes T. equi e B. caballi,
respectivamente (GUIMARAES; LIMA; RIBEIRO, 1998; ROBY et al., 1964;
SCOLES; UETI, 2015). J4 o carrapato A. Cajennense s.l., é considerado como

vetor competente de T. equi, porém somente a transmisséo intraestadial foi
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comprovada (RIBEIRO; DA SILVEIRA; BASTOS, 2011; SCOLES; UETI, 2013).
Além da transmisséo vetorial, também ocorrem as transmissdes iatrogénica e
vertical, podendo levar a abortamentos, infecgdes congénitas em potros e morte
neonatal (WISE et al., 2013).

Equinos adultos podem manifestar as formas aguda ou crbnica. A forma
aguda nesses animais € associada a hemalise acentuada, apresentando sinais
clinicos e laboratoriais como hipertermia, taquipneia e taquicardia, constipacao
seguida por diarreia, anorexia trombocitopenia, esplenomegalia, e anemia
hemolitica com consequente ictericia e hemoglobindria, principalmente com alta
parasitemia (DE WAAL; VAN HEERDEN, 2004; WISE et al., 2013). Ainda,
infeccbes por B. caballi ou T. equi ou podem ser inespecificas com animais
apresentando anorexia, perda depeso, letargia e mau desempenho, ou também
problemas locomotores como miopatia inflamatéria (WISE et al., 2013).
Animais subclinicos/crénicos podem nao apresentar anemia nem sinais
clinicos, mas atuam como reservatérios para transmissao iatrogénica ou vetorial
(ROTHSCHILD, 2013). Além disso, uma vez que ndo existe imunidade cruzada
entre T. equi e B. caballi, os animais podem apresentar infec¢cdo por ambos os
patdogenos ao mesmo tempo (PASOLINI et al., 2018)

O diagnostico, na fase aguda, pode ser realizado por meio de esfregaco
sanguineo, que se trata de uma técnica rapida e simples, que permite observar
a forma de merozoitos nas hemacias, porém essa técnica possui baixa
sensibilidade em casos de parasitemia baixa e necessita de pessoal treinado a
identificar as formas parasitarias (OIE, 2014).

Os testes soroldgicos por sua vez sédo o padrdo ouro da OIE, sobretudo
em cavalos destinados a importacdo para paises em que a presenca de vetores
competentes. As principais técnicas de diagndéstico soroldgico utilizadas séo
teste de imunofluorescéncia indireta (RIFI), oensaio imunoenzimatico (ELISA)
e teste de fixacdo de complemento (TCF). Existem ainda um teste
imunocromatografico que pode ser utilizado para T. equi e B. caballi que pode
ser usado para triagem plantéis (HUANG et al., 2006). Existem ainda testes que
avangam positivamente com o uso de antigenos recombinantes e variagcdes do
ELISA em avaliacdo, o entanto os testes mais apropriados para diagnostico e

certificagcdo de equinos sao RIFI e ELISA de competicdo (OIE, 2014).
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2.2.2 ERLIQUIOSE E ANAPLASMOSE

Ehrlichia sp. € uma bactéria, gram-negativa e pleomorfica, , intracelular
obrigatéria, capaz de infectar uma variedade de espécies mamiferas, incluindo
humanos, mundialmente e pertencente a ordem Rickettsiales, familia
Anaplasmataceae. Baseado em caracteristicas fenotipicas, este género foi
inicialmente composto de 10 espécies classificadas em diferentes grupos de
acordo com a célula hospedeira que infecta em: monocitica (E. canis, E. risticii
e E. sennetsu), granulocitica (E. ewingii, E. equi, E. phagocytophilum, agente
da Erliqguiose Monocitica Humana [EGH]), e trombocitica (E. platys). Baseada
no sequenciamento do gene 16S rRNA e outros genes (groESL operon e genes
de proteinas de superficie), o género Ehrlichia foi reorganizado e atualmente
consiste em seis espécies: E. canis, E. chaffeensis, E. ewingii, E. muris, E.
ruminantium e E. minasensis (CABEZAS-CRUZ et al., 2016; DUMLER et al.,
2001).

A erliquiose monocitica equina (EME), causada pela Neorickettsia risticii
(anteriormente E. risticii), e a anaplasmose granulocitica equina (AGE) causada
por Anaplasma phagocytophilum (anteriormente E. equi), sdo duas doencas
causadas por agentes erliquiais (Dumler et al., 2001). Os carrapatos nunca foram
implicados na transmisséo de N. risticii (Dumler et al., 2001), e sim a ingestéo de
trematddeos de vida livre (agua ou vegetacdo) ou presentes em hospedeiros
intermediarios, entretanto carrapatos pertencentes ao género Ixodes sdo vetores
de A. phagocytophilum (Woldehiwet, 2010). No Brasil, apesar de ser considerada
uma doenca emergente, pouco se sabe sobre a epidemiologia, patologia e
transmissdo, uma vez que o carrapato Ixodesricinus, principal vetor fora do pais,
nao ocorre no Brasil (STUEN, 2007).

Recentemente, foi descrito a confirmacdo molecular de infeccdo por uma
possivel nova espécie de Ehrlichia em equinos no Brasil. Detectada
anteriormente em equinos da Nicaragua (O’NION et al., 2015), baseada em
analises filogenéticas de fragmentos dos genes 16S rRNA, sodB e groEL
(VIEIRA etal., 2018b). Embora seja a primeira comprovacao molecular, no Brasil,
estudos tem relatado soropositividade dos equinos por meio de RIFI e ELISA
comercial (VIEIRA et al., 20132).
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2.3 MICOPLASMOSE HEMOTROPICA

Hemoplasmas séo bactérias gram-negativas pleomorficas, pequenas e
sem parede celular, pertencentes a familia Mycoplasmataceae, que aderem a
superficie dos eritrécitos de varios hospedeiros animais domeésticos, silvestres e
humanos (MESSICK, 2004; NEIMARK et al., 2001; 2002). Micoplasmose é
considerada uma uma doenca zoonoética emergente, sobretudo em
imunocomprometidos (HIV/AIDS, lapus, neoplasias ou coinfectados). Existem
relatos de infeccbes em humanos por espécies de hemoplasmas como M.
haemofelis e M. haemocanis (KALLICK, 2007; STEER et al., 2011), M. suis
(YUAN et al., 2009) e M. ovis (SYKES et al.,2010).

A transmissao até o momento ainda nao foi completamente elucidada,
uma vez que os hemoplasmas nunca foram possiveis de serem cultivados in
vitro. No entanto, um experimento sugeriu que o carrapato R. sanguineus
poderia estar envolvido na transmissdo de hemoplasmas em céaes
(SENEVIRATNA; WEERASINGHE; ARIYADASA, 1973). Além disso, em
estudo recente, também foi possivel detectar molecularmente a presenca do
agente Mycoplasma sp. Em glandulas salivares de carrapatos do género
Amblyomma, reforcando a hipétese desses artrépodes podem atuar como
vetores da bactéria (VIEIRA et al., 2021)

O diagnéstico, pode ser realizado por meio de esfregaco sanguineo para
a visualizacdo da bactéria nos eritrécitos, porém essa técnica possui baixa
especificidade e sensibilidade, necessitando de avaliador treinado. Além disso o
anticoagulante EDTA, muito utilizado na rotina clinica, causa desprendimento da
bactéria da superficie celular, resultando assim resultados falsos negativos
(TASKER, 2006). Sendo assim, a técnica preconizada como método definitivo
capaz de diagnosticar e identificar o agente é a PCR (SYKES, 2010).

O primeiro relato de hemoplasmas de organismos Haembartonella-like
em cavalos foi realizado por microscopia de luz em esfregacos de sangue
corados com Giemsa na Nigéria (Gretilat, 1978). No entanto, a primeira
evidéncia molecular s6 foi realizada na Alemanha em 2010, com cavalos
infectados por hemoplasmas intimamente relacionados a M. haemofelis e

‘Candidatus Mycoplasma haematobos’ (Dieckmann et al., 2010). Eles relataram
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gue cavalos positivos para PCR com menos de um ano de idade apresentavam
anemia, portanto a infec¢cdo clinica foi mais relevante nesses animais
(Dieckmann et al., 2012). Além disso, microoganismos M. ovis-like foram
detectados em cavalos do Ird (Kalantari et al., 2020) e Nigéria (Happi; Oluniyi,
2020), e apenas na Nigéria foi relatada infestacdo por poucos carrapatos nao
identificados nos animais. No Brasil, aproximadamente 400 equinos foram
triados quanto a presenca de hemoplasmas (FERREIRA et al., 2016; VIEIRA et
al., 2015a; 2015b; VALENTE et al.,, 2019), no entanto ainda nao foram

detectados equinos infectados.
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4 OBJETIVO GERAL

Avaliar a prevaléncia de agentes transmitidos por carrapatos (Theileria
equi, Babesia caballi e Ehrlichia spp.) e hemoplasmas em equinos
provenientes de um assentamento rural localizado em Alvorada do Sul,

Parana, Brasil.

4.1 OBJETIVOS ESPECIFICOS

Determinar a prevaléncia de anticorpos anti-T. equi e anti-Ehrlichia spp.
em equinos de um assentamento rural localizado em Alvorada do Sul,
Parana

Determinar a prevaléncia de Ehrlichia spp., T. equi, B. caballi e
Mycoplasma sp.

Caracterizar geneticamente as sequencias obtidas;

Identificar morfologicamente as espécies de carrapatos presentes nos
equinos;

Verificar fatores correlacionados a exposigcao/infeccdo para o0(S)

agente(s) identificado(s).
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5 ARTIGO: Mycoplasma ovis and tick-borne pathogens in horses and

salivary glands of ticks from rural settlement from Southern Brazil
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Highlights (3-5)

- First report of Mycoplasma ovis infection in horses from South America;

- Mycoplasma sp. was detected in D. nitens and R. microplus salivary glands;
- Co-infection between T. equi and M. ovis was found in 59,09% horses.
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Abstract

Tick-borne pathogens (TBP) are an important group of organisms that can affect
animals and humans in South America. Hemoplasma in horses can be considered an
accidental or unusual infection. Therefore, this study aimed to determine the
occurrence of agents such as Theileria equi, Babesia caballi and Ehrlichia sp., and
hemoplasmas in horses from a rural settlement located in southern Brazil, identify the
tick species and determine the factors associated with exposure/infection. Blood
samples from 22 horses were screened for anti-T. equi and anti-Ehrlichia spp.
antibodies by indirect fluorescent antibody (IFA) assays. The samples were also tested
by PCR assays targeting the 18S rRNA gene from T. equi and B. caballi, and the 16S
rRNA gene from hemoplasmas. In addition, PCR assays targeting the 16S rRNA gene,
a disulfide bond forming protein (dsb) from Ehrlichia spp. were also carried out. Ticks
were collected from the animals (inspection) and from the environment (flannel
trawling and dry ice traps), and they were identified by means of an identification key.
Additionally, 28 adult ticks from the animals and 4 nymphs from the environment had
their salivary glands extracted and screened for Ehrlichia spp. (dsb gene) and
Mycoplasma spp. (16S gene). Antibodies to T. equi and Ehrlichia spp. were detected
in 09/22 (40.91%; 95% CI: 23.26-61.27%) and 07/22 (31.81%; 95% CI: 16.36-52.68%)
horses, respectively. DNA from T. equi, B. caballi and Mycoplasma spp. were found
in 13/22 (59.09%), 1/22 (4.55%) and 11/22 (50%) horses, respectively, and all were
negative for Ehrlichia spp. All sequences showed >99% identity with multiple T. equi
(18SrRNA), B. caballi (rap-1) and Mycoplasma ovis (16S rRNA) sequences deposited
in GenBank. All adult ticks were identified as Dermacentor nitens 44/47 (93.62%) and
Rhipicephalus microplus 3/47 (6.38%). All salivary glands were negative for Erhlichia
spp. by dsb gene. Two of 28 (7.14%) glands from adult animals were positive by
conventional PCR, 11/28 (39.29%) and two of 4 nymphs (50%) from the environment
were positive by real time PCR for the gene 16S rRNA for Mycoplasma spp. This is
the first report of M. ovis infection in horses in Brazil, using molecular techniques. Was
detected in salivary glands of D. nitens and R. microplus, and further studies are needed
to clarify the vectorial action of these species. It was possible to observe a low
occurrence of Ehrlichia spp. and absence of positive PCR in region where Amblyomma

sculptum ticks were not found.
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Keywords: Babesia caballi, hemotropic Mycoplasma, Theileria equi, Dermacentor

nitens, Ehrlichia spp

1. Introduction

Tick-borne pathogens (TBP) pathogens are an important group of organisms that
may affect animals (Baneth, 2014; Vieira et al., 2013) and human beings in South
America (Labrunaetal., 2014; Valente et al., 2020). In horses, equine piroplasmosis (EP),
caused by Theileria equi and Babesia caballi, has a significant impact on the horse
industry and is the most important TBP (Friedhoff et al., 1990). Additionally to the equine
granulocytic anaplasmosis (EGA), caused by Anaplasma phagocytophilum (formerly
Ehrlichia equi) (Dumler et al., 2001), a potentially novel Ehrlichia species has been found
infecting horses from Nicaragua and Brazil (O'Nion etal., 2015; Vieiraetal., 2016; 2018),
although clinical signs and its vector remains unknown.

A recent study has suggested that hemotropic Mycoplasma spp. (hemoplasmas)
infection in horses may be considered accidental or an uncommon infection (Valente et
al., 2019). To date, molecular detection of hemoplasmas has only been described in horses
from Germany (Dieckmann et al., 2010, 2012), Iran (Kalantari et al., 2020), and Nigeria
(Happi and Oluniyi, 2020). However, clinical signs associated with hemotropic
Mycoplasma spp. infection in horses have not yet been established, and the vectorial
transmission of this pathogen remains unknown.

In Brazil, horses are of great socioeconomic importance, being used for work as
draft horses, sports competitions, leisure, development of medical supplies, and meat
production for exportation (Hausberger et al., 2008). Due to their close contact with
humans, horses may be used as sentinels for public health (Valente et al., 2019).
Therefore, the aims of the present study were i) to determine the prevalence of the TBP
pathogens (T. equi, B. caballi, and Ehrlichia spp.), and hemoplasmas in horses and ticks,
and ii) to identify the tick species parasitizing the animals and those collected from the
environment in a rural settlement in Alvorada do Sul County, Parana State, southern

Brazil.

2. Materials and methods
2.1. Ethics committee
This study was approved by the Ethics Committee in Animal Experimentation and

Animal Welfare at the Universidade Federal do Parand (UFPR) (protocol number
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046/2016), Universidade Estadual de Londrina (protocol number no. 97/2020) and was
conducted according to the ethical principles of animal experimentation, adopted by the
Brazilian College of Animal Experimentation.

2.2. Study area

The study was carried out on a rural settlement in Alvorada do Sul County (22°
54> 34.4” S 51° 13° 49.1” W), Parana State, southern Brazil, from august to september
2020. The area presents a temperate climate (Cfa Képpen: Cfa) with rainfall throughout
the year especially in the summer months, and an average temperature of 25° -C. The rural
settlement was selected based on data from previous studies that detected a potentially
novel Ehrlichia sp. (Vieira et al., 2013; 2016) but failed in detecting hemoplasmas in
horses during a blood sampling performed in 2011 (Vieira et al., 2015).

2.3. Sampling

A non-probabilistic convenience sampling was performed in the collection of
horses. An epidemiological questionnaire was given to each owner addressing age, sex,
history of previous tick exposure, chemical control for ticks, and presence of ticks at the
time of sampling. The age of the horses was stratified into groups <5 yrs and >5 yrs.

Animals were physically restrained, and blood samples (5 mL) were collected by
venipuncture of the jugular vein using vacuum tubes containing EDTA (BD Vacutainer®,
Franklin Lakes, NJ, EUA) for PCR analysis and kept at —80 °C until testing. In addition,
blood samples (up to 5 mL) were collected using vacuum tubes containing a serum
separator gel (BD Vacutainer® Franklin Lakes, NJ, EUA) and kept at room temperature
(25 °C) until visible clot formation. The samples were then centrifuged at 1500xg for 5
min, serum separated, and kept at —20 °C for serological testing.

The animals were submitted to a visual inspection for the presence of ticks,
beginning at the head and neck and proceeding systematically down the mane until the
tail was reached. Thereafter, the tail, perianal region, foreleg, axillary region, ventral
region, hindlegs, inguinal region, and external ears were also examined (Duell et al.,
2013). Ticks infesting horses were removed using a commercial Hook (O'TOM®/Tick
Twister®, Lavancia, FRA) and kept in absolute ethanol labeled tubes for taxonomic
identification (Barros-Battesti et al., 2006; Martins et al., 2010).

2.4. Tick sampling
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Visual search and flannel dragging were used for tick sampling as previously
described (Suzin et al., 2020), with modifications. During one hour of active search, five
researchers walked for 10 min and one for 20 min, each one dragging a white flannel (1
m wide and 1.8 m long), in 13 properties where horses were raised. During the sampling,
the flannel was inspected for ticks every 10-15 m of dragging. Additionally, 65 CO, traps
were installed with a 10 m distance in each area for one hour (Barbieri et al., 2019). The
collected ticks were kept in absolute ethanol labeled tubes for identification according to
morphological taxonomic keys (Barros-Battesti et al., 2006; Martins et al., 2010; Nava et
al., 2017).

2.5. Detection of anti-Theileria equi, anti-Babesia caballi and anti-Ehrlichia spp.
antibodies by indirect immunofluorescent antibody assay (IFA) and ELISA test

Anti-T. equi antibodies in horse serum samples were evaluated by IFA and ELISA
test, as previously described (Vieira et al., 2015; Baldani et al., 2007). IFA antigen was
prepared from the blood of an experimentally infected horse. Samples were considered

positive when reacting with dilution > 1:80 (Baldani et al., 2010). Titers were determined

to the highest dilution in which fluorescence was visualized around the parasite (endpoint
titers). For ELISA, the cut-off point was calculated based on the average optical density
of the negative controls multiplied by 2.5 (constant — correction factor). Samples that had
the optical density (O.D.) value greater than or equal to the cut-off point (= 0.347 ) were
considered positive.

Anti-B. caballi antibodies in horse serum samples were evaluated by ELISA, as
previously described (Baldani et al., 2004). The cut-off point was calculated based on the
average optical density of the negative controls X 2.5 (constant — correction factor).
Samples that had the optical density (O.D.) value greater than or equal to the cut-off point
(=0.317) were considered positive.

Anti-Ehrlichia spp. antibodies in horse serum samples were tested by IFA using

E. canis (S&o Paulo strain) as antigens, with samples considered positive when reacting
at a dilution >1:40 (Aguiar et al., 2007). Crude antigens were produced by culturing
Ehrlichia in DH82 cells, as previously described (Aguiar et al., 2007; Souza et al., 2010).

Endpoint titers were determined to the highest dilution in which fluorescence was

visualized around the bacteria.
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2.6. DNA extraction

DNA was extracted from blood samples using a commercial kit (Illustra™ blood
genomicPrep Mini Spin Kit, GE Healthcare, Chalfont, St. Giles, UK) according to the
manufacturer's instructions. Ultra-pure water was used in parallel to monitor cross-
contamination in each batch of all samples.

Additionally, adult ticks (n = 28) from horses and nymphs (n = 4) from the
environment were randomly selected, dissected for withdrawal of salivary glands samples
(Edwards et al., 2009), and DNA was extracted using a commercial kit (Q1Aamp®DNA

Micro Kit, Qiagen, Hilden, Germany) according to the manufacturer's instructions.

2.7. Molecular detection of Theileria equi, Babesia caballi, Ehrlichia spp., and
hemoplasmas

Conventional PCR (cPCR) assays for the horse housekeeping gene
glyceraldehyde-3-phosphate dehydrogenase (gapdh) (Birkenheuer et al., 2003) on horse
DNA samples and the mitochondrial 16S rRNA gene of ticks (Fukunaga et al., 2001) on
DNA of ticks’ salivary glands were performed to monitor DNA extraction.

Horse DNA samples were evaluated using cPCR with previously described
species-specific primers targeting a portion of the 18S rRNA gene of T. equi (392 bp)
(Alhassan et al., 2005) and rap-1 gene of B. caballi (530 bp) (Diaz-Séanchez et al., 2018).
Horse samples known to be infected with T. equi and B. caballi, and nuclease-free water
were used as positive and negative controls, respectively.

Horse and ticks’ salivary glands DNA samples were also screened by a genus-
specific cPCR assay targeting a fragment (349 bp) of the dsb gene of
Ehrlichia/Anaplasma spp. (Almeida et al., 2011). Dog samples known to be infected with
E. canis and nuclease-free water were used as a positive and negative control,
respectively.

Additionally, horse and tick DNA samples were also screened for hemoplasmas
using a universal hemoplasma SYBR green real-time PCR (qPCR) assay, as previously
described (Willi et al., 2009). Synthesized gBlock™ (Integrated DNA Technologies
IDT™, Coralville, IA, USA) comprising the amplification target of the 16S rRNA gene of
hemoplasmas was used as the positive control. Horse and ticks’ salivary glands DNA
samples that tested positive in the hemoplasma SYBR green gPCR assay were subjected
to genus-specific cPCR assays targeting fragments of the 16S rRNA (~900 bp) (Hoelzle
et al., 2011, Machado et al., 2016) and the 23S rRNA (~800 pb) gene (Mongruel et al.,
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2020) of hemoplasmas. Dog samples known to be infected with Mycoplasma haemocanis

and nuclease-free water were used as a positive and negative control, respectively.

2.8. Cloning of amplicons and plasmid DNA extraction

The cloning of hemotropic Mycoplasma spp. 16S rRNA gene fragments amplified
were performed with a commercial Kit (0GEM-T® Easy Vector System, Promega,
Madison, Wisconsin, USA), according to the manufacturer's instructions. DNA and
vector concentrations used in the binding reaction were determined to obtain an
insert:vector ratio of 1:1. The plasmid DNA extraction was performed using a commercial
kit (Pure Yeld Plasmid Miniprep System, Promega, USA) and the plasmid DNA samples
were then submitted to sequencing.

2.9. Sequencing, phylogenetic and genotype analysis

Amplicons obtained from one B. caballi positive sample (~530 bp) were
sequenced in both directions by Sanger method, with the nucleotide sequence of the rap-
1 gene of B. caballi submitted to GenBank® database.

Also, the amplicon (841 bp) obtained from one cloning of hemotropic
Mycoplasma sp.-positive sample was sequenced in both directions by Sanger method,
with nucleotide sequence of the 16S rRNA gene of hemoplasmas submitted to GenBank®
database.

The sequence of the rap-1 gene of B. caballi obtained herein was aligned with
other sequences of B. caballi group available in GenBank® database using MAFFT 7.110
(Katoh & Standley, 2013) on the Guidance 2 server (Sela, Ashkenazy, Katoh, & Pupko,
2015). Phylogenetic analysis was performed based on Bayesian Inference (BI) using the
Beast 1.8.0 package (Drummond, Suchard, Xie & Rambaut, 2012). Two independent runs
of 20,000,000 generations of Monte Carlo Markov Chain (MCMC) were performed, with
one sampling per 10,000 generations and a 20% burn-in. The substitution models were
estimated as K80+1+G, based on the Akaike information criterion (AIC) using jModeltest
2.1.10 (Darriba, Taboada, Doallo & Posada, 2012). Reconstructions were visualized
using the FigTree 1.4.4 software (Rambaut, 2014). The B. caballi tree was rooted with
Babesia bovis (FJ588012).

Likewise, the partial sequence of the 16S rRNA gene of hemotropic Mycoplasma
sp. obtained herein was aligned with others Mycoplasma suis group and Mycoplasma
haemofelis species available in GenBank® database using MAFFT 7.110 (Katoh &
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Standley, 2013) on the Guidance 2 server (Sela, Ashkenazy, Katoh, & Pupko, 2015).
Phylogenetic analysis on the 16S rRNA gene was performed based on Bl using the Beast
1.8.0 package (Drummond, Suchard, Xie & Rambaut, 2012). Two independent runs of
20,000,000 generations of MCMC were performed, with one sampling per 10,000
generations and a 10% burn-in. The substitution models were estimated as F81+G for the
16S rRNA, based on the AIC using jModeltest 2.1.10 (Darriba, Taboada, Doallo &
Posada, 2012). Reconstructions were visualized using the FigTree 1.4.4 software
(Rambaut, 2014). The 16S rRNA gene tree was rooted with Mycoplasma pneumoniae
(AF132741). To access genotype diversity, the partial sequence of 16S rRNA of
hemoplasma obtained from one horse herein was aligned with fragments of 16S rRNA
from M. ovis sequences, as described above, and submitted for analysis on DnaSP6
software (Librado and Rozas, 2009). Inference and graphic representation were made by
TCS Network method (Clement, Posada and Crandall, 2000) on PopART software (Leigh
and David, 2015), respectively. Additionally, distance analysis based on a split-network
was made using Splitstree v.4.14.6 software (Huson and Bryant, 2006), applying the

Neighbor-Joining method with the same alignment from phylogenetic analysis.

2.10. Statistical analysis

The Chi-square or Fisher's exact test was used to determine the difference between
whether individual factors were associated with seropositivity to T. equi and Ehrlichia
spp., or with infection by T. equi and B. caballi. Odds ratio (OR), 95% confidence
interval, and p values were calculated for each variable. Results considered significantly
different when p <0.05. Data were compiled and analyzed in Epi Info™ software (version

7.1.5, CDC).

3. Results

A total of 22 horses (14 males and 8 females) were collected with voluntary
acceptance by their owners.

A total of 47 ticks, 31 (65.95%) male and 16 (34.04%) female, were collected
from 8/22 (36.36%; 95% CI: 19.73-57.05%) horses with a mean of 2.74 (+ 4.45) ticks per
animal.Adult ticks were identified as Dermacentor nitens 44/47 (93.62%) and
Rhipicephalus microplus 3/47 (6.38%). A total of 706 larvae and 4 nymphs were collected

on the environment and identified as R. microplus.
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Anti-T. equi antibodies were detected in 9/22 (40.91%; 95% CI: 23.26-61.27%)
horses by IFA, with reciprocal antibody titer rating from 80 to 1,280 and in 11/22 (50%;
95% CI: 30.72-69.28%) animals by ELISA. Furthermore, 7/22 (31.81%; 95% ClI: 16.36-
52.68%) horses soro reacted to E. canis antigens by IFA with reciprocal antibodies titers
ranging from 80 to 320. Anti-B. caballi antibodies were detected in 6/22 (27.27%; 95%
Cl: 13.15-48.15) horses by ELISA. Two out of 22 (9.09%; 95% CI: 2.53-27.81%) horses
were seropositive for T. equi and Ehrlichia spp., 4/22 (18.18%; 95% CI: 7.31-38.52%)
for B. caballi and T. equi, and 2/22 (9.09%; 95% CI: 2.53-27.81%) for T. equi, B. caballi
and Ehrlichia spp.

The mitochondrial 16S rRNA gene of ticks was successfully amplified in all ticks’
salivary glands. All ticks’ salivary glands tested negative for Ehrlichia spp. dsb gene.
Two out of 28 (7.14%; 95% CI:1.98-22.65) and 9/28 (39.29%; 95% CI: 23.57-57.59%)
adult ticks’ salivary glands tested positive for hemoplasmas by cPCR and qPCR,
respectively. Moreover, 2/4 (50%; 95% CI: 15-85%) nymphs’ salivary glands tested
positive for hemoplasmas by qPCR. Among the nine ticks’ salivary glands PCR-positive
for hemotropic Mycoplasma sp., eight (88.89%; 95% CI: 56.50-98.01%) were from D.
nitens infesting horses and one (11.11%; 95% CI:1.62-37.74%) R. microplus from the
horses.

The gapdh gene was consistently amplified in all horse samples. A total of 13/22
(59.09%; 95% ClI: 38.73-76.74%) and 1/22 (4.55%; 95% CI:0.81-21.80%) horses tested
positive for T. equi and B. caballi by cPCR, respectively. A total of 17/22 (77.27%; 95%
Cl: 56.56-89.88%) horses were positive for at least one EP agent when combining IFA,
CcPCR, and ELISA. Eleven out of 22 (50%; 95% CI: 30.72-69.28%) and 22/22 (100%;
95% CI: 85.13-100%) horses tested positive for hemotropic Mycoplasma spp. by cPCR
and gPCR, respectively. All animals tested negative for Ehrlichia/Anaplasma spp. by
cPCR. One out of 22 horses tested positive for B. caballi and hemotropic Mycoplasma
spp. (4.55%; 95% C1:0.81-21.80%), and all samples PCR-positive for T. equi have also
tested positive for hemotropic Mycoplasma spp. After many attempts at PCR of the 23S
gene for hemotropic Mycoplasma spp , it was possible to observe that the gene does not
have adequate amplification in samples positive for M. ovis.

The prevalence of T. equi, B. caballi and Ehrlichia spp. in horses according to
different variable evaluated are summarized in Table 1. Overlapping results for T. equi
occurrence by IFA, ELISA, and PCR are shown in Figure 1. Horses >5 yrs were 26.6

times more likely to be seropositive for T. equi (p = 0.002). No significant association
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was found between sex, history of previous tick exposure, presence of ticks at the time of
sampling, or chemical control for ticks and positivity by PCR for T. equi or B. caballi,
IFA for T. equi or Ehrlichia spp. or ELISA for T. equi or B. caballi.

PCR
13/22 (59%)

ELISA 4 IFA

12/22 (50%) (18%) 9/22 (41%)

Fig. 1. Proportional Venn diagram showing IFA, ELISA and PCR results for Theilleria equi in horses from
Alvorada do Sul, Parana state, southern Brazil. The diagram was generated by a program available at:

https://www.biovenn.nl/
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869 Table 1.
870 Prevalence of Theileria equi, Babesia caballi and Ehrlichia spp. in horses within each variable studied,
871  Alvorada do Sul County, Parana state, southern Brazil, 2020.
Variable Age Sex History of tick  Presence of ticks Acaricide
bite Treatment
<5 >5 Male Female Yes No Yes No Yes No
+/n 5/11 8/11 8/14 5/8 8/15 5/7 5/8 8/14 7/13 6/9
(%) 4545 7273 57.14 62.50 53.33 61.91 62.5 57.14 53.85 66.67
OR 3.200 0.800 0.457 1.25 0.583
PCR 950/
CIO 0.539-18.98 0.134-4.745 0.66-3.144 0,21-7.41 0.10-3.40
p-value 0.193 0.583 0.372 0.583 0.438
5 +/n 1/11 8/11 5/14 4/8 5/15 417 2/8 7/14 4/13 5/9
g (%) 9.09 7273 3571 50.00 33.33 57.14 25.00 50.00 30.77 55.56
.g IEA OR 26.666 0.555 0.375 0.333 0.3556
[<B] 0,
S le/o 2.308-308.014 0.09-3.24 0.05-2.36 0.04-2.25 0.06-2.07
=
= p-value 0.0024 0.416 0.275 0.245 0.235
+/n 6/11 5/11 7114 4/8 7/15 417 5/8 6/14 7/13 4/9
(%) 5455 4545 50.00 50.00 46.67 57.14 65.50 42.86 53.85 44.44
R 1.44 1. . 2.222 14
ELISA 9(.;0/ 0 000 0.656 58
CIO 0.268-7.714 0.176-5.682 0.107-4.003 0.374-13.180 0.264-8.048
p-value 0.669 1.000 0.647 0.375 0.664
+/n 0/11 1/11 0/14 17 1/15 717 1/8 14/14 0/13 1/9
(%) 0.00 9.09 0.00 87.5 6.67 100.00 125 100.00 0.00 11.11
OR - - - - -
= PCR 95% _ _ _ _ _
g Cl
S p-value 0.500 0.363 0.681 0.363 0.409
.g +/n 1/11 5/11 3/14 3/8 3/15 3/7 1/8 5/14 3/13 9/9
% (%) 9.09 4545 21.43 37.50 20.00 42.86 125 35.71 23.08 33.33
m ELISA 9(;5 0.120 0.454 0.333 0.257 0.600
CIO 0.11-1.288 0.066-3,094 0.047-2.366 0.024-2.732 0.090-3.985
p-value 0.055 0.415 0.262 0.239 0.595
+/n 3/11 4/11 4/14 3/8 6/15 17 4/8 3/14 5/13 2/9
© (%) 27.27 36.36  28.57 37.50 40.00 14.29 50.00 21.43 38.46 22.22
S a OR 0.653 0.666 4.000 3.666 2.187
= a IFA 95%
ﬁ @ cl 0.107-4.003 0.10-4.20 0.37-42.17 0.55-24.13 0.31-15.04
p-value 0.647 0.510 0.243 0.181 0.372
872 +, Number of positive animals; n, number of samples; 95% CI, 95% confidence interval.
873
874

875
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Sequencing of the rap-1 gene fragment from B. caballi-positive horse (accession
number. MZ802993) revealed 98.88-99.63% identity with B. caballi detected in horses
from North (MG906585, MG906584, MG906577, and MG906576) and Midwestern
Brazil (MG906586 and MG906575). The rap-1 sequences from B. caballi obtained from
the horse herein clustered closely with sequences previously detected in horses from the
Brazilian biomes Cerrado (MG906575 and MG906577) and Amazon (MG906576). A
polytomy was created involving the rap-1 gene sequence isolated herein with sequences
from the Brazilian Cerrado biome (MG906575 and MG906577) and a clade harboring
sequences from Cuba (KY111765), Egypt (KR11096), and Brazilian Amazon
(MG906576) (Figure 2).

Babesia caballi - South Africa (GQ871780)

100 Babesia caballi - South Africa (GQ871778)

Babesia caballi - South Africa (GQ871779)
L— 100

Babesia caballi - Israel (KF059876)

Babesia caballi - 1srael (KF059879)

{ Babesia caballi - Egypt (KR11096)
100
Babesia caballi - Cuba (KY111765)

96

— 100 —— Babesia caballi - Brazil - Amazon (MG906576)

Babesia caballi - Brazil - Cerrado (MG906575)

52

Babesia caballi - Southern Brazil **

Babesia caballi - Brazil - Cerrado (MG906577)

95
— Babesia caballi - Japan (MG948457 )

60

Babesia caballi - Japan (MG948454)

100 Babesia caballi - Cuba (KY111763)

Babesia caballi - Cuba (KY111764)

Babesia bovis - Brazil (FJ588012)

2.0

Fig. 2. The consensus sequences were subjected to multiple sequence alignment with the sequences selected
from GenBank® using MAFFT available on the GUIDANCE?2 server (Sela et al., 2015). The best-fit model
of nucleotide substitution was determined using jModeltest v.2.1.10 (Darriba et al., 2012) and was set as
GTR+G for 16S rRNA gene, based on the Akaike Information Criterion (AIC). The Bayesian
reconstruction was performed in Beast 1.10.4 (Drummond et al., 2012) with three independent runs of 100
million MCMC steps sampled at every 10,000 trees, 10% of the burn-in. The phylogenetic tree was

visualized with FigTree software version 1.4.4 (Rambaut, 2014).
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The sequencing of the 16S rRNA gene fragment from the hemoplasma-positive
horse (accession number. OK583881) revealed 99.29-99.76% identity with multiple M.
ovis sequences detected in horses from Iran (MH615809), humans from the USA
(KF313922, GUZ230142-GU230144), a serow (Capricornis crispus) from Japan
(AB571119), goats from China (KU983740-KU983745) and sheep from Japan
(JF931134, JF931135, and JF931138), Hungary (EU828582 and EU165511), USA
(AF338268), Turkey (MF377458 - MF377462, EU165509, and MF377463) and China
(KU983742 and KU983746).

Phylogenetic analyses on the 16S rRNA gene of the hemoplasma detected herein
clustered together with those from the M. suis group (Figure 3a). The hemoplasma
sequence obtained from a horse formed a clade together with M. ovis sequences
previously detected in sheep from Brazil (MN17387, MN173879, and MN17380), USA
(AF338268), China (KU983744), Hungary (EU165511), a horse from Iran (MH615809)
and humans from USA (GU230144, KF313922) with high support branch (i.e., posterior
probabilities) (Figure 3b). The M. ovis clade was positioned inside other clades that
shelter hemotropic Mycoplasma sp. sequences isolated from deer in Brazil (HQ197746,
HQ634378, MK919449, MK919451, HQ634377, MK919446, MK919450, MK919448).
The genotype diversity analysis revealed the occurrence of six different haplotypes
among the evaluated hemoplasma sequences. The hemoplasma 16S rRNA gene sequence
obtained in the present study was grouped in Hap_6 (Table 2) and analysis presented
valuesof S=9, k=2.44211, IT=0.0000003, and genotype diversity = 0.716. The splitstree
network corroborates the previous analysis, presenting clearly differentiations between
hemotropic Mycoplasma sp. sequences grouped in M. suis and M. haemofelis groups. The
hemotropic Mycoplasma sp. sequence from the horse is placed closely to other M. ovis

sequences (Figure 4).
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a) Mycoplasma haemomuris (HMUS2963) MH158514

KT314162 MH158515 Mycoplasma ovis from
KU061098 MG948632 domestic species and human
KT314163 OK157441 FJ004275 beings from USA, Japan,
Hungary, Brazil, China and Iran.
PR [arssszcs sz
S CU230144  EU165511
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Fig. 3. Neighbor-Net analysis of 16S rRNA sequences obtained from horses sampled in the present study
and compared to related haemoplasmas sequences previously deposited in GenBank.
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940 Table 2.

941 Different genotypes of partial 16S rRNA gene from Mycoplasma ovis isolated from different animal species, sequences
942 from each genotype group, and countries where sequences were reported. Analysis was performed using DnaSP6
943 software.

Genotype Sequences Location
Hap_1 Mycoplasma ovis from human beings USA
(KF313922, GU230144) Japan
Mycoplasma ovis from sheep (JF931135) Hungary
Mycoplasma ovis from sheep (EU165511) USA
Mycoplasma ovis from sheep (AF338268) Iran
Mycoplasma ovis from horse (MH615809) China
Mycoplasma ovis from sheep (KU983744) Brazil

Mycoplasma ovis from sheep (MN173879,
MN173878, MN 173880)

Hap_2 Mycoplasma ovis from Pampas deer Brazil
(Ozotoceros bezoarticus) (HQ634377) Brazil
Mycoplasma ovis from Wetland deer Brazil
(Blastocerus dichotomus) (MK919446) Brazil

Mycoplasma ovis from Wetland deer
(Blastocerus dichotomus) (MK919450)
Mycoplasma ovis from Gray brocket (Mazama
gouazoubira) (MK919448)

Hap_3 Mycoplasma ovis from Mazama gouazoubira Brazil
(MK919447)

Hap_4 Mycoplasma ovis from Wetland deer Brazil

(Blastocerus dichotomus) (HQ634378) Brazil

Mycoplasma ovis from gray brocket (Mazama Brazil

gouazoubira) (MK919449)
Mycoplasma ovis from gray brocket (Mazama
gouazoubira) (MK919451)

Hap_5 Mycoplasma ovis from Wetland deer Brazil
(Blastocerus dichotomus)(HQ197746)
Hap_6 Mycoplasma ovis from horse Brazil

944

945
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88
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99
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100
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Mycoplasma ovis - USA (KF313922)
Mycoplasma ovis - Japan (KF313922)
Mycoplasma ovis - USA (GU230144)
Mycoplasma ovis - Hungary (EU165511)
Mycoplasma ovis - USA (AF338268)
Mycoplasma ovis from horse - Iran (MH615809)
Mycoplasma ovis - China (KU983744)
Mycoplasma ovis - Brazil (MN173879)
Mycoplasma ovis - Brazil (MN173878)
Mycoplasma ovis - Brazil (MN173880)

Mycoplasma sp.
Mycoplasma sp.
Mycoplasma sp.
Mycoplasma sp.
Mycoplasma sp.
Mycoplasma sp.
Mycoplasma sp.
Mycoplasma sp.
Mycoplasma sp.
Mycoplasma sp.

from horse - Brazil

from Blastoceros dichotomus - Brazil (HQ197746)
from Blastoceros dichotomus - Brazil (HQ634378)
from Mazama gouazoubira - Brazil (MK919449)
from Mazama gouazoubira - Brazil (MK919451)
from Ozotoceros bezoarticus - Brazil (HQ634377)
from Blastoceros dichotomus - Brazil (MK919446)
from Blastoceros dichotomus - Brazil (MK919450)
from Blastoceros dichotomus - Brazil (MK919447)
from Mazama gouazoubira - Brazil (MK919448)

Mycoplasma wenyonii (DQ641256)
Mycoplasma suis (AF029394)
99 'Ca. Mycoplasma haematominutum' (FJ004275)

64

———— 'Ca. Mycoplasma haematoalbiventris' (MH158515)

— 'Ca. Mycoplasma haematoalbiventris' (MH158514)
100 ——— 'Ca. Mycoplasma kahanei' (AF338269)

— Mycoplasma sp. from Saimiri scieureus - Brazil (KT314165)
o Mycoplasma sp. from Alouatta sp. - Brazil (KT824793)

— Mycoplasma sp. from Alouatta sp. - Brazil (MH734379)

'Ca. Mycoplasma haematobos' from horse - Germany (FN421445)

100 98 'Ca. Mycoplasma haematobos' from sheep (MH388477)
'Ca. Mycoplasma haematobos' from cattle (MG948628)
Mycoplasma haemofelis (HFU95297)

Mycoplasma haemocanis (GQ129115)

90

Mycoplasma coccoides (AY171918)

'Ca. Mycoplasma haematosphiggurus' (MN164483)

93 100
'Ca. Mycoplasma haematosphiggurus' (MN860071)

'Ca. Mycoplasma haematohydrochoerus' (FJ667774)

100 'Ca. Mycoplasma haematonasua' - Brazil (MZ293801)
100 100
100 'Ca. Mycoplasma haematonasua' - Brazil (MZ293800)

'Ca. Mycoplasma turicensis' (DQ157150 )

Mycoplasma sp. from Sapajus flavius - Brazil (KU061098)

Mycoplasma sp. from Sapajus apella - Brazil (KT314162)

—— Mycoplasma sp. from Sapajus apella - Brazil (KT314163)

'Ca. Mycoplasma haematomacacae' (KC512401)

100 100

'‘Ca. Mycoplasma haematomacacae' from Macaca mulatta - Brazil (OK157441)

Mycoplasma haemomuris (HMU82963)

Mycoplasma pneumoniae (AF132741)
Bacillus subtilis (AB042061)

2.0

Fig. 4. Phylogenetic tree of Mycoplasma spp. inferred from partial sequences of the 16S rRNA gene found in horses from
Alvorada do Sul, Parana state, southern Brazil. The consensus sequences were subjected to multiple alignment with the
sequences selected from GenBank® using MAFFT available on the GUIDANCE?2 server (Sela et al., 2015). The best-fit
model of nucleotide substitution was determined using jModeltest v.2.1.10 (Darriba et al., 2012) and was set as F81+G
for the 16S rRNA gene, based on the AIC using jModeltest 2.1.10 (Darriba, Taboada, Doallo &amp; Posada, 2012) with
two independent runs of 20,000,000 generations of MCMC steps sampled at every 10,000 trees, 10% of the burn-in. The

phylogenetic tree was visualized with FigTree software version 1.4.4 (Rambaut, 2014).

4. Discussion
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In the present study, an unexpected high prevalence (100%) of M. ovis was found
in horses from Alvorada do Sul County, Parana State, southern Brazil. Previous studies
on hemoplasmas in horses (clinically healthy, anemic and/or infested by ticks) from
different Brazilian biomes have failed to detect this group of bacteria by cPCR assays
(Vieira et al., 2015b, c; Ferreira et al., 2016; Valente et al., 2019). Herein, 50% of horses
tested hemoplasma-positive by cPCR; however, when the universal hemoplasma SYBR
green qPCR was applied, the prevalence rate increased by 100%. The first report of
Haembartonella-like organisms hemoplasmas in horses was performed by light
microscopy in Giemsa-stained blood smears in Nigeria (Gretilat, 1978). However, the
first molecular evidence was only performed in Germany in 2010, with horses infected
by hemoplasmas closely related to M. haemofelis and ‘Candidatus Mycoplasma
haematobos’ (Dieckmann et al., 2010). They reported that PCR positive horses less than
one-year-old had anemia; therefore, clinical infection was more relevant in these animals
(Dieckmann et al., 2012). In addition, M. ovis-like organisms were detected in horses
from Iran (Kalantari et al., 2020) and Nigeria (Happi and Oluniyi, 2020), and only Nigeria
was reported infestation by few unidentified ticks on animals.

Herein, 8/9 (88.89%) adult tick’s salivary glands of D. nitens from horses and 2/4
nymphs’ salivary glands of R. microplus from the environment tested positive for
hemoplasma. Unfortunately, several attempts to sequence the 16S rRNA gene were
unsuccessful due to weak bands, making sequencing impossible. However, our data
highlight that ticks of D. nitens and R. microplus may be involved in the transmission of
M. ovis in horses. More experimental transmission studies are needed to shed some light
on the role of Dermacentor and Rhipicephalus ticks in the transmission of Mycoplasma
spp. to horses.

Previous studies Brazil have found that small ruminants may be infested by R.
microplus and different Amblyomma spp. ticks, while horses are frequently exposed to D.
nitens, Amblyomma cajennense sensu lato (s.l.) and R. microplus ticks (Labruna et al.,
2001). Herein, 36% of horses were infested by ticks, mainly D. nitens. M. ovis has been
reported in captive and free-living cervids (Grazziotin et al., 2011a; Grazziotin et al.,
2011Db), goats (Machado et al., 2017), and sheep (Souza et al., 2019; Mongruel et al.,
2020). On small farms, for subsistence production, it is common to raise more than one
species of grazing systems in the same environment, and the close coexistence of these
animals can provide favorable conditions for vector infestation and, consequently, for

cross-infection.
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The 100% infection prevalence in this study supports Kalantari et al. (2020) whom
related species of M. ovis-like, a member of the hemoplasma found mainly in sheep and
goats, infecting horses from Iran, with a prevalence of 6.77%. Moreover, the prevalence
of M. ovis observed in the present study was also higher than that found in sheep (78.8%)
(Souza et al., 2019) and goats (39.30%) (Machado et al., 2017) from Brazil. Once M. ovis
Is a circulating pathogen in Brazil, infecting ruminants (Machado et al., 2017; Souza et
al., 2019), more studies are needed to better elucidate the equine hemoplasmosis since
these animals are important hosts of ticks in Brazil and have close contact with humans.

Phylogenetic analysis of the sequence of hemotropic Mycoplasma spp. detected
in this study showed > 99% identity with M. ovis sequences detected in horses from Iran
(MH615809), in humans from the USA (KF313922, GU230144), goats from China
(KU983744), and sheep from Hungary (EU165511) and Brazil (MN173879, MN173878,
MN173880). Corroborating this finding, the Neighbor-Net network analysis evidenced
the genetic similarity among the hemoplasma species circulating in horses from Brazil
and the M. ovis from different mammals around the world, including human beings.

In this work, it was possible to detect a low genetic diversity with six haplotypes,
which corroborates previous studies from China and Mexico (Wang et al., 2017;
Martinez-Hernandez et al., 2018). The high prevalence (100%) of M. ovis in infected
animals is reported in previous studies in sheep, which point out that this bacterium can
be widely spread within a herd with a prevalence of up to 100% (Machado et al., 2017;
Martinez-Hernandez et al., 2018).

The occurrence of co-infection of hemoplasmas with agents of equine
piroplasmosis was also found in this study. This may be further evidence for the potential
vector of ticks for hemoplasmas, once the EP agents are transmitted by ticks’ bites. Ticks
have been associated with the transmission of hemoplasmas in several species, however
once it is a microorganism until then not cultivable in vitro, the data regarding this affinity
are still very scarce (Messick, 2004). Interestingly, in this study Mycoplasma spp. was
detected in the salivary gland of D. nitens and R. microplus ticks, reinforcing the evidence
that ticks may act as vectors of equine hemoplasmas.

Equine piroplasmosis has a significant impact on the horse industry, and it is
caused by T. equi and/or B. caballi, the most important group of TBP agents in horses. In
this study, 72.73% of horses were positive for at least one EP agent when combining
serological and molecular assays. Previous studies in carthorses from different regions of

Parana State have found 95% positivity for EP agents, which may have been due to
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differences between diagnostic tests (IFA vs. CELISA) used (Vieira et al., 2013c). In
Brazil, T. equi and B. caballi are transmitted mainly by R. microplus and D. nitens ticks,
respectively (Scoles and Ueti, 2015) and in the present study, 36.36% of horses were
infested with R. microplus or D. .nitens ticks at the time of sampling. However, among
the horses infested, 93.62% was by D. nitens, the main vector of B. caballi, and in animals
we found a higher occurrence of T. equi in this region. What could explain this finding
would be the collection period, which was not conducive to finding large amounts of R.
microplus (T. equi vector) in the animals, due to the cycle of this vector, since in our study
all larvae of ticks found in the environment were identified as R. microplus.

In the present study, although all horses were PCR-negative for Ehrlichia spp.,
31.81% of animals sera reacted to E. canis crude antigens by IFA, whereas 40.91% were
seropositive to T. equi by IFA, and 59.09% were PCR-positive. In previous studies in the
same rural settlement, researchers found 50% of horses positive for Ehrlichia spp. by IFA
and 84% positive for T. equi by IFA. Thus, it is possible to observe over 10 years a
decrease in seropositivity for the pathogens studied. Even in the case of horses highly
exposed to tick bites, one explanation would be the change in the epidemiological
dynamics of tick genera in the region. In the previous study, differing from the present
study, the researchers found ticks of the genus Amblyomma sp., wherethere is a
correlation between the presence of this tick and the high prevalence of T. equi and
Ehrlichia spp. (Valente et al., 2019; Vieira, et al., 2013a; Vieira et al., 2013c).

Conclusion

For the author's knowledge, this is the first report of M. ovis-like infection in
horses in Brazil, using molecular techniques to detect hemoplasma infection in horses,
however we do not know what the clinical impacts on the animals. Mycoplasma spp. was
detected in salivary glands of D. nitens and R. microplus, and further studies are needed
to clarify the vectorial action of these species. It was possible to observe a low occurrence
of Ehrlichia spp. and absence of positive PCR in a region where Amblyomma sculptum

ticks were not found.
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Considerac0es finais

Este é o primeiro relato de infecgdo por M. ovis em equinos na América e
no Brasil utilizando técnicas moleculares para detectar infec¢cdo por hemoplasma
em equinos, porém ndo sse sabem quais podem ser os impactos clinicos nos
animais. Mycoplasma spp. foi detectada em glandulas salivares de D. nitens e
R. microplus, sendo necessarios mais estudos para esclarecer a a¢ao vetorial
dessas espécies. Novos estudos devem ser realizados a fim de fornecer
subsidios para padronizacdo de métodos diagndsticos, identificacdo de

potenciais vetores, bem como adocéo de medidas de prevencao e controle.

Foi possivel observar uma baixa ocorréncia de Ehrlichia spp. e auséncia
de PCR positivo em regido onde ndo foram encontrados carrapatos Amblyomma
sculptum. Além disso, a maior parte dos animais foi positiva para ao menos um

agente causador da PE, sinalizando alta ocorréncia na regiao.
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ANEXO 1. AUTORIZACAO DA COMISSAO DE ETICA NO USO DE ANIMAIS
(CEUA) — UEL

Londrina, 5 de

€ em cies equinos e humanos de assentamentos rurais e areas urbanas da Regido Norte do estado do
ndo métodos sorolégicos e moleculares. Grau de invasividade: 1.

() Ensino (X)) Pesquisa cientifica
01/10/2020 a 30/02/2022

Cies; equideos

434, sendo

Cdes: 384

el Equideos: 50

_Peso/ Idade Variados

| Sexo Machos ou fémeas

| Origem Assentamentos rurais e residéncias em areas urbanas na
Regido Norte do estado do Parana.
Amostras a serem coletadas Sangue.

- Cumpre orientar que caso pretendam-se quaisquer alteragdes no protocolo experimental aprovado,
e deve-se submeter o novo protocolo 4 apreciacio da CEUA/UEL anteriormente a execugdo das modificagdes.

Em cumprimento as exigéncias do Conselho Nacional de Controle de Experimentacio
Animal (CONCEA), em até 30 dias da finaliza¢fio do projeto de pesquisa ou extensio envolvendo o uso de
animais (verificar periodo de vigéncia expresso neste oficio), ¢ necessirio encaminhar relatério da
descri¢io de uso de animais para ceua@uel.br, conforme modelo disponivel no site da CEUA:
http://www.uel. br/comues/ceua/pages/relatorno-de-proletos php.

Coloco-me a disposigdo para quaisquer esclarecimentos que se fizerem necessarios. Sem mais para

g -\': o momento, subscrevo-me, cordialmente.

W é’wn-m al 17 s
Prof®* Dr* Maria Fernanda Rodrigues Graciano
Coordenadora da CEUA/UEL

Prof? Dr* Maria Fernanda
Rodrigues Graciano

Coordenadora da Comissao de
Etica no Uso de Animais

Universidade Estadual de Londrina
ceua@uel br / (43) 3371-5454

) Sr.(a)
) Dr (a). Rafael Felipe da Costa Vieira

nsavel pelo projeto |
efia do Departamento de Medicina Veterindria Preventiva/ CCA 4

regdo do Centro de Ciéncias Agrarias/ CCA

"Cid (PR 445, kom 350  Fone (043) 33714000 PABX - Fax 33284440 - Caixa Postal 10011 - CEP 86057970 ~ Internet http://wy
LONDRINA - PARANA - BRASIL :
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ANEXO 2. QUESTIONARIO EPIDEMIOLOGICO

PROJETO ASSENTAMENTO
Laboratorio de Protozoologia Veterinaria — CCA/DMVP — UEL

QUESTIONARIO EPIDEMIOLOGICO - EQUINOS

Cidade: Propriedade n°
Data: / /

Proprietario: Fone:

1) Quanto tempo mora no assentamento?

2) Visita area de mata ciliar: ( ) Sim ( ) Nao

3) Presenga carrapatos: ( ) Sim ( ) Nao

4) Epoca do ano que aparecem: ( ) primavera — ( ) verdo — ( ) outono — ( ) inverno

( ) ano todo

5) Controle de carrapatos: ( ) Sim ( ) Nao 5.1) Qual produto?

6) Frequéncia controle carrapatos: ( ) Semestral ( ) Anual

Animal

Ne Nome: Idade: Sexo: ( )M ()F
Ne Nome: Idade: Sexo: ()M ( )F
Ne Nome: Idade: Sexo: ( )M ()F
Ne Nome: Idade: Sexo: ( )M ()F
Ne Nome: Idade: Sexo: ( )M ()F
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