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RESUMO

Animais silvestres sdo considerados reservatdrios para uma infinidade de patdégenos transmitidos
por ectoparasitas, dentre os quais Hepatozoon spp. e piroplasmas; e os ectoparasitas atuam como
vetores desses micro-organismos. O presente estudo teve por objetivo investigar a ocorréncia de
Hepatozoon spp., piroplasmas e ectoparasitas em Nasua nasua e Didelphis spp. da regido peri-
urbana e urbana dos municipios de Botucatu, Palmital e Sdo Paulo, além de identificar os
ectoparasitas e caracterizar morfologicamente e molecularmente os hemoparasitas encontrados.
Foram coletados ectoparasitas e amostras de sangue de 69 Didelphis albiventris, 11 Didelphis
aurita e 83 N. nasua. Também, foram coletadas amostras de baco e figado de dois N. nasua e de
25 D. albiventris, para analise histoldgica. Os carrapatos foram identificados e dissecados para
pesquisa de oocistos de Hepatozoon spp. e alguns exemplares tiveram seu DNA extraido para
verificar a presenca de hemoparasitas. Para identificacdo dos hemoparasitas foram realizados
esfregacos sanguineos, a PCR, clonagem, e posterior sequenciamento das amostras.
Primeiramente, Hepatozoon procyonis foi identificado em N. nasua. Dois carrapatos
Amblyomma ovale, coletados em N. nasua, também foram positivos para Hepatozoon spp. Um
espécimen foi positivo para H. procyonis e o outro para Hepatozoon sp. proximo de um
hapl6tipo de Hepatozoon americanum. Um piroplasma proximo de Babesia sp. capybara foi
detectado em Amblyomma sculptum, também coletado em N. nasua. Foi detectado, pela primeira
vez, infecgdo por Hepatozoon canis em espécimes de D. albiventris, que também foram
positivos para quatro haplétipos diferentes de piroplasmas. Para finalizar, D. aurita mostrou-se
infectado por Hepatozoon sp. proximo de Hepatozoon sp. detectado em um marsupial chileno
(Dromiciops gliroides). Como concluséo, nos fornecemos dados sobre a epidemiologia de
hemoparasitas em N. nasua e, redescrevemos H. procyonis baseado em caracteristicas

morfologicas, morfométricas e moleculares. Um haplotipo de H. americanum foi detectado, pela



primeira vez, em A. ovale e pode representar risco de infeccdo por H. americanum em cdes da
regido de Botucatu. Provavelmente, D. albiventris é um hospedeiro acidental para H. canis, mas,
se infecta com piroplasmas que devem ser mais bem estudados para serem corretamente

caracterizados.

Palavras-chave: Animais silvestres, Hepatozoon americanum, Hepatozoon canis, Hepatozoon

procyonis, piroplasmas.



ABSTRACT

Wild animals are considered reservoirs for several pathogens transmitted by ectoparasites,
among which Hepatozoon spp., and piroplasms, and the ectoparasites are the vectors of these
microorganisms. The present study aim to investigate the occurrence of Hepatozoon spp.,
piroplasms and ectoparasites in Nasua nasua and Didelphis spp., from peri-urban and urban
regions of Botucatu, Palmital and Sdo Paulo municipalities, besides to identify ectoparasites and
characterize morphologically and molecularly the hemoparasites found. For this purpose, were
collected ectoparasites and blood samples from 69 Didelphis albiventris, 11 Didelphis aurita e
83 N. nasua. In addition, tissue samples were collected from two N. nasua and 25 D. albiventris
for histological analysis. Ticks were identified and dissected to recover oocysts of Hepatozoon
spp. Some specimens of ticks had their DNA extracted for identification of hemoparasites. For
parasitological diagnosis, blood smears were performed, for subsequent identification and
morphometry of the parasites. The molecular diagnosis was performed by PCR or cloning and
sequencing. First, we detected Hepatozoon procyonis infecting N. nasua. Amblyomma ovale
collected on N. nasua was also infected by H. procyonis and by Hepatozoon sp. closely related to
a Hepatozoon americanum haplotype. A piroplasm closely related to de Babesia sp. capybara
was detected in Amblyomma sculptum collected also on N. nasua. We detected, for the first time,
H. canis infecting specimens of D. albiventris, which was also infected with four different
haplotypes of piroplasms. To finalize, Hepatozoon sp. closely related to Hepatozoon sp. detected
from a Chilean marsupial infected D. aurita. In conclusion, we provided epidemiological data on
hemoparasites infection in N. nasua, and redescribed H. procyonis based on morphological,
morphometrical and molecular characteristics. One H. americanum haplotype was detected, for

the first time, in A. ovale representing a risk of infection for dogs from Botucatu region.



Probably, D. albiventris is an accidental host for H. canis, but is infected with piroplasms that

should be better studied and characterized.

Keywords: Hepatozoon americanum, Hepatozoon canis, Hepatozoon procyonis, piroplasms,

wild animals.



1. INTRODUCAO

InUmeras espécies de animais silvestres atuam como reservatorios de protozoarios e,
devido as mudancas climaticas, aquecimento global e urbanizagdo, muitos desses animais
adquiriram habito sinantrépico (LLEDO et al., 2010). Consequentemente, os mamiferos
silvestres infestados por ectoparasitas podem entrar em contato com animais domésticos, com
guem compartilham os mesmos ectoparasitas, oferecendo risco de transmissao de doencas aos
animais domésticos e ao homem (FIGUEIREDO et al., 1999).

Dentre 0os micro-organismos transmitidos por artrépodes, e que tem animais silvestres
como reservatorios, estdo o Hepatozoon spp. e os piroplasmas. Hepatozoonose é a doenca
ocasionada pelos protozoarios do género Hepatozoon e acomete cdes de areas urbanas e rurais
(O’DWYER et al., 2004; RUBINI et al., 2008). Piroplasmas sdo hemoparasitas de importancia
médica e veterindria, que incluem espécies de Babesia e Theileria (BARBOSA et al., 2017).
Babesia spp. causam no homem, animais domésticos, animais de producdo e animais silvestres,
uma doenca denominada de babesiose (LLEDO et al., 2010; YABSLEY e SHOCK, 2013).

Artropodes como os carrapatos e as pulgas sdo ectoparasitas de acdo irritativa e
espoliadora e além do mais, assumem grande importancia médica e veterinaria por serem vetores
de patdgenos que causam doencas graves aos seres humanos e aos animais domésticos e
silvestres (MULLER et al., 2005). A coleta dos ectoparasitas, identificacdo e exames com a
finalidade de detectar patdgenos, podem conduzir a descoberta de novas infeccdes parasitarias

emergentes em animais e humanos (NELDER et al., 2005).

2. REVISAO DE LITERATURA
2.1. Nasua nasua
Mamiferos da espécie N. nasua, conhecidos como quatis, sdo animais de médio porte da

Classe Mammalia, Ordem Carnivora e Familia Procyonidae. Esses animais sdo onivoros e



possuem uma alimentacdo generalista, composta principalmente de pequenos insetos, frutos e
pequenos vertebrados (ALVES-COSTA et al., 2004).

Os quatis sdao amplamente distribuidos na América do Sul e sdo capazes de se adaptarem
a diferentes ambientes e se alimentarem de diversificados itens como 0s mencionado
anteriormente. Devido a esse comportamento, os individuos desta espécie sdo capazes de fazer

intercdmbio entre areas silvestres e domésticas (RODRIGUES e MASSARD, 2006).

2.2. Didelphis spp.

Popularmente conhecidos como gambas, marsupiais do género Didelphis sdo distribuidos
amplamente nas Américas e possuem consideravel importancia na relacdo ecoldgica parasito-
hospedeiro (SALVADOR et al., 2007). Esses animais pertencem a Classe Mammalia, Subclasse
Theria, Infraclasse Metaheria, Ordem Marsupiala e Familia Didelphidae (MIZIARA et al.,
2008).

Didelphis spp. possuem habitos noturnos, e por serem onivoros e oportunistas adaptam-se
a diversos ambientes, exibem elevada sinantropia e cada vez é mais frequente sua convivéncia
com seres humanos nas cidades (MULLER et al., 2005). Devido a essas caracteristicas, sdo
considerados disseminadores de agentes causadores de doencas entre os animais silvestres,
domésticos e o homem. Esses animais podem atuar como hospedeiros definitivos ou

reservatorios de protozodrios, helmintos e artropodes (MULLER et al., 2005).

2.3. Ectoparasitas
Algumas espécies de pulgas e carrapatos apresentam pouca especificidade e podem se
infectar e transmitir patdgenos aos seres humanos e aos animais domesticos e silvestres. O

conhecimento de sua associa¢do aos hospedeiros e a distribuicdo dos ectoparasitas de animais é



fundamental para a compreensdo da ecologia dos artrépodes transmissores de micro-organismos

(NELDER et al., 2005).

2.3.1. Carrapatos

Carrapatos sdo ectoparasitas hematofagos e possuem distribuicdo cosmopolita. Devido a
espoliacdo, inoculacdo de toxinas e transmissdo de micro-organismos ocasionam doengas em
animais e no homem. Protozoarios, fungos, helmintos, bactérias e virus sdo alguns dos patégenos
transmitidos por carrapatos (FIGUEIREDO et al., 1999).

No Brasil, Rhipicephalus sanguineus senso lato foi detectado parasitando N. nasua
(DANTAS-TORRES et al., 2010). Esse carrapato tem como hospedeiro principal o cdo, mas
também pode ser encontrado no homem e em passaros (DANTAS-TORRES et al., 2010). E
importante frisar que este ectoparasita € o principal transmissor de babesiose canina no Brasil
(PASSOS et al., 2005). QOutro carrapato identificado em N. nasua é Amblyomma sculptum
publicado como A. cajennense, vetor de Rickettsia rickettsi, bactéria causadora da febre
maculosa brasileira (FIGUEIREDO et al., 1999). Sousa et al. (2017a) relataram 70,9% dos quatis
infestados por carrapatos no Pantanal brasileiro. As espécies de carrapatos detectadas em N.
nasua foram: A. sculptum, Amblyomma parvum, Amblyomma ovale, Rhipicephalus micropulus
and Amblyomma spp.

De acordo com Muller et al. (2005), no Rio Grande do Sul, 43% dos 30 Didelphis
albiventris analisados apresentaram carrapatos das espécies Ixodes loricatus e Amblyomma
aureolatum. Estes autores sugeriram que o0s gambas se infestaram com A. aureolatum por
frequentarem as mesmas areas que canideos e felideos silvestres. Alem disso, destacaram que a
presenca de I. loricatus e A. aureolatum representa alerta para disseminacdo de patogenos
causadores de severas doencas aos humanos, como R. rickettsi, que pode ser transmitida por A.

aureolatum.



2.3.2. Pulgas

As pulgas sdo insetos hematofagos na fase adulta e tem como hospedeiros animais
endotérmicos, principalmente mamiferos. Estes insetos atuam como parasitas ou como vetores
de patogenos. Quando atuam como agentes infestantes provocam irritacdo, espoliacao e reacao
inflamatdria. Como vetores ou hospedeiros intermediarios sdo responsaveis pela transmissdo de
viroses, doencas bacterianas, protozooses e helmintoses (LINARDI, 2011).

A ordem Siphonaptera é composta por aproximadamente 3000 espécies e subespécies,
que parasitam animais silvestres e domésticos. Merece destaque Ctenocephalides felis por ser o
mais importante ectoparasita de cdes e gatos no mundo inteiro, devido a sua distribuicdo
geografica, perdas econdmicas, resisténcia aos inseticidas e por atuarem como vetores e como
parasitas hemato6fagos (LINARDI e SANTOS, 2012). As pulgas do género Polygenis também
sdo importantes por manterem Yersinia pestis, o agente etioldgico da peste bubdnica, circulando
entre roedores silvestres ou entre roedores silvestres e domiciliares (LINARDI, 2011).

O numero de relatos de pulgas parasitando N. nasua, no Brasil é reduzido e sdo descritas
poucas espécies infestando esses animais, sendo elas: C. felis, encontrada em érea urbana, e
Rhopalopsyllus lutzi lutzi, encontrada em é&rea rural (RODRIGUES e MASSARD, 2006;
FIGUEIREDO et al., 2010). Portanto, N. nasua mantém espécies de ectoparasitas e podem
intercambid-los entre os ambientes silvestre e urbano.

Por outro lado, sdo inimeros os sifonapteros relatados em Didelphis spp. As pulgas
presentes nestes animais sdo as seguintes: Adorotopsylla intermedia, Craneopsylla minerva
minerva, C. felis, Leptopsylla segnis, Polygenis atopus, Polygenis klagesi samuelis, Polygenis
rimatus rimatus, Pulex irritans, R. lutzi lutzi, Xenopsylla cheopis (RAFAEL, 1982; BARROS-
BATESTI e ARZUA, 1997; MULLER et al., 2002; BOTELHO et al., 2003; MORAES et al.,

2003; SALVADOR et al., 2007).



2.4. Hepatozoon spp.

O género Hepatozoon é classificado no Filo Apicomplexa, Subordem Adeleorina e
Familia Hepatozoidae (WENYON, 1926). Sdo descritas mais de 300 espécies, que infectam
leucdcitos de mamiferos e eritrocitos de anfibios, aves e répteis. O ciclo de vida desses parasitas
é heteroxeno e envolve um hospedeiro intermediario vertebrado e um hospedeiro invertebrado
definitivo como mosquitos, pulgas, e acaros (Mesostigmata e Metastigmata). O oocisto do
parasita se desenvolve no hospedeiro definitivo e os hospedeiros vertebrados se infectam quando
ingerem o invertebrado contendo oocistos maduros (SMITH, 1996).

Segundo Baneth et al. (2000), a hepatozoonose canina € causada por Hepatozoon
americanum ou Hepatozoon canis, e tem como vetores carrapatos ixodideos. Na regido sudeste
do Brasil, a caracterizacdo molecular de Hepatozoon demonstrou que a espécie que infecta caes é
H. canis (RUBINI et al., 2005). Analises filogenéticas revelam a presenca de H. canis em
animais silvestres, como por exemplo, em raposas (Vulpes vulpes) (CRIADO-FORNELIO et al.,
2003). Dessa forma, os animais selvagem podem atuar como reservatorios de H. canis.

Em procionideos, Hepatozoon spp. foram detectados em Procyon lotor e Procyon
cancrivorus panamensis, conhecidos como méo pelada, e em N. nasua (RICHARDS, 1961;
SCHNEIDER, 1968; CLARK et al., 1973; RODRIGUES et al., 2007; SOUSA et al., 2017a). No
Brasil, Hepatozoon procyonis foi detectado em esfregaco de sangue de N. nasua e de P.
cancrivorus. O gametdcito desse protozoario foi caracterizado morfologicamente e
biometricamente aonde demonstrou similaridade com H. procyonis descrito anteriormente nos
Estados Unidos (RODRIGUES et al., 2007). No Pantanal, por analise molecular, 41,9% dos N.
nasua avaliados foram positivos para Hepatozoon sp. (SOUSA et al., 2017a).

Ayala et al. (1973) relataram duas hemogregarinas distintas infectando Didelphis
marsupialis na Colémbia, uma delas identificada como Hepatozoon didelphydis. Na Guiana

Francesa, 25% e 17% dos D. marsupialis e D. albiventris, respectivamente, estavam parasitados
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por Hepatozoon spp. Hepatozoon didelphydis foi identificado em D. marsupialis e Hepatozoon
sp. presente em D. albiventris, provavelmente, € uma nova espécie (THOISY et al., 2000). No
Pantanal do Brasil, Sousa et al. (2017a) detectaram o marsupial Thylamys macrurus infectado
com Hepatozoon sp. Em contraste, na regido sul do pais Criado-Fornelio et al. (2006), ao
analisarem 15 D. albiventris, ndo detectaram a presenca de Hepatozoon spp. No Pantanal,
também ndo foi identificado nenhum D. albiventris infectado por Hepatozoon spp., porém,

apenas trés animais foram examinados (WOLF et al., 2016).

2.5. Piroplasmas

Piroplasmas sdo parasitas que acometem animais silvestres, domésticos e 0 homem,
podendo causar doengas graves. Entre os agentes infecciosos transmitidos por carrapatos para
animais, os piroplasmas sdo os mais prevalentes (ALVARADO-RYBAK et al., 2016). Esses
hemoparasitas pertencem ao Filo Apicomplexa e incluem espécies de Babesia, Theileria e
Cytauxzoon, sendo este Ultimo parasita praticamente exclusivo de felideos.

O ciclo de vida de piroplasmas é heteroxeno com a presenca de um vetor invertebrado,
que sdo carrapatos ixodideos, e um hospedeiro vertebrado. Os carrapatos transmitem os
piroplasmas para os mamiferos através da picada, durante o repasto sanguineo. Quando o
hospedeiro vertebrado é infectado, esporozoitos de Babesia spp. vao diretamente para corrente
sanguinea e infectam eritrocitos. Enquanto nas espécies de Theileria os esporozoitos penetram,
primeiramente, nos linfocitos ou outros leucocitos e depois, migram para 0s eritrocitos

(ALVARADO-RYBAK et al., 2016).

2.5.1 Babesia spp.
Hemoprotozoarios do género Babesia sdo classificados taxonomicamente dentro do Filo

Apicomplexa, Classe Aconoidasida, Ordem Piroplasmida e Familia Babesidae (HOMER et al.,
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2000). Estes protozoarios infectam eritrécitos e ocasionam uma doenca de carater zoondtico
denominada babesiose.

A babesiose é uma enfermidade emergente, transmitida por carrapatos ixodideos e 0s
animais silvestres atuam como hospedeiros reservatérios para as espécies de Babesia
zoonoticas. Nos Estados Unidos, Babesia microti € a principal espécie que causa babesiose em
humanos. Na Europa, a babesiose humana geralmente é provocada por Babesia divergens
(YABSLEY e SHOCK, 2013).

Na América do Sul, a infeccdo por Babesia spp. em humanos foi relatada na Colémbia
e no Brasil. Em exames sorologicos realizados na Colémbia, com utilizacdo de antigenos
preparados a partir de cepas de Babesia bovis e Babesia bigemina, sete individuos, dos 194
analisados, foram positivos para Babesia spp. e um foi positivo em exame parasitoldgico
(RIOS et al., 2003). No Pernambuco, Brasil, a primeira descri¢do de infeccdo por Babesia sp.
em humanos foi identificada por exame direto em laminas de sangue, em um paciente adulto
(ALECRIN et al., 1983). Posteriormente, foi diagnosticada uma crianga assintoméatica com uma
possivel infeccdo por B. microti (RECH et al., 2004). Em ambos os relatos ndo ocorreu a
identificacdo molecular dos protozoarios.

Babesia spp. muitas vezes sdo associadas a animais domésticos, porém, inumeros
animais silvestres sdo reservatorios para este parasita (YABSLEY e SHOCK, 2013). Em
carnivoros da familia Procyonidae esse hemoprotozoéario foi detectado na América do Norte,
América Central e na Asia (TELFORD e FORRESTER, 1991, KAWABUCHI et al., 2005,
BIRKENHEUER et al., 2006, JINAI et al., 2007; BIRKENHEUER et al., 2008; CLARK et al.,
2012, MEHRKENS et al., 2013). A infeccdo por B. microti ocorreu em 82% dos P. lotor
analisados na Fldrida. Vale ressaltar que B. microti ocasiona babesiose em humanos, portanto,
nesta regido os ectoparasitas destes animais apresentam risco consideravel ao homem (CLARK

et al., 2012). Na Costa Rica, 100% dos Nasua narica estudados estavam parasitados por
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Babesia sp., filogeneticamente proxima de Babesia sp. detectada em guaxinins nos EUA,
entretanto, os sinais clinicos e a importancia epidemioldgica desse parasita em quatis séo
desconhecidos (MEHRKENS et al., 2013).

Paparini et al. (2012) identificaram uma nova espécie de Babesia em Bettongia
penicillata ogilbyi (marsupiais) na Australia. Neste mesmo pais, outra espécie de Babesia foi
descrita parasitando Macropus gigantes (canguru). Estes animais apresentavam sintomas de
babesiose (anemia, apatia e sinais neurolégicos) e foram positivos tanto no esfregaco de sangue
guanto na PCR. Por meio do sequenciamento foi possivel caracterizar uma nova espécie
(DAWOOD et al., 2013). Barbosa et al. (2017), ao investigarem a prevaléncia de hemoparasitas
e parasitas entéricos em mamiferos Australianos, também detectaram Babesia sp. em um
marsupial (Isoodon macrourus). No Brasil, Monodelphis domestica capturada no Pantanal
estava infectada com Babesia sp. filogeneticamente proxima de Theileria bicornis (WOLF et
al., 2016).

Em relagdo aos marsupiais do género Didelphis, na Coldmbia foram encontrados D.
marsupialis infectados por Babesia brasiliensis (AYALA et al., 1973). Thoisy et al. (2000)
identificaram Babesia sp. em 4% de D. albiventris estudados, na Guiana Francesa. No Brasil,
uma possivel infeccdo de D. marsupialis com piroplasma foi relatada em animais provenientes
do Para por Deane e Deane (1961). A presenca de Babesia sp. também foi observada em D.
albiventris e D. marsupialis procedentes do Para, Rio de Janeiro e de Sdo Paulo (SERRA-
FREIRE, 1979). Recentemente, Babesia sp. foi detectada, por meio de analise molecular, em
D. marsupialis, no Para (SOARES et al., 2017). Entretanto, dados morfoldgicos desse parasita
ndo foram analisados.

Yabsley e Shock (2013) salientaram a importancia da caracterizagdo molecular para

distingdo das espécies de Babesia, bem como a investigacdo dos dados morfologicos e
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morfomeétricos, hospedeiros reservatorios e vetores, que se fazem necessarios para uma melhor

compreensdo da epidemiologia destes patdgenos.

2.5.2. Theileria spp.

Theileria sdo protozoarios obrigatérios pertencentes a Familia Theileridae, infectam
principalmente ruminantes e sdo importantes pelas perdas econémicas que causam na
agropecuaria (BISHOP et al., 2004).

Apenas duas espécies de Theileria foram descritas em carnivoros silvestres e sdo
nomeadas como Theileria parva e Theileria sinensis (ALVARADO-RYBAK et al., 2016).
Recentemente, no Pantanal Brasileiro, Estado do Mato Grosso do Sul, Sousa et al. (2017b)
detectaram N. nasua infectado por Theileria sp. filogeneticamente associada a Theileria equi.

Em marsupiais, Theileria spp. sdo hemoparasitas frequentemente detectados. Na
Australia, sete espécies de Theileria foram encontradas infectando estes animais (PAPARINI et
al., 2012). A alta prevaléncia de Theileria penicillata foi detectada em Bettongia penicillata
(RONG et al., 2012). Além disso, inimeros outros marsupiais sdo infectados por Theileria spp.
como por exemplo: Bettongia lesueur e Potorous gilbertii, (LEE et al., 2009; PAPARINI et al.,
2012). No Brasil, ha uma ampla diversidade de marsupiais, com 55 espécies descritas
(PAGLIA et al., 2012) porém, nenhuma espécie de Theileria foi relatada infectando esses
animais. A auséncia de deteccdo de Theileria spp. em marsupiais no pais, pode ser devido a

escassez de estudos que avaliaram a presenca destes parasitas em marsupiais.

3. Objetivos
No Brasil, os poucos estudos sobre a infecgdo por Hepatozoon spp. e piroplasmas em

Nasua nasua e Didelphis spp., bem como em seus ectoparasitas, e a frequente constatacao desses
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animais em regides peri-urbanas e urbanas nas cidades de Botucatu, Palmital e Sdo Paulo
incentivou-nos a realizar esta pesquisa.

Perante 0 exposto, investigamos a ocorréncia de Hepatozoon spp., piroplasmas e
ectoparasitas em N. nasua e Didelphis spp., provenientes das regides urbana e peri-urbana dos
municipios de Botucatu, Palmital e Sdo Paulo. Essa pesquisa resultou em quatro artigos
cientificos intitulados:

1. “A survey of haemoparasites e ectoparasitas in Nasua nasua with a redescription of

Hepatozoon procyonis based on morphological and molecular data”.

2. “Molecular detection of hemoprotozoan in ticks collected on Nasua nasua from Sao

Paulo, Brazil

3. “Didelphis albiventris naturally infected with Hepatozoon canis in southeastern

Brazil”

4. “Morphological and molecular characterization of hemoparasites in Didelphis spp.

from Brazil”.

Esses artigos integram o capitulo 1, 2, 3 e 4 dessa tese, respectivamente
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Abstract

Haemoparasites are vector-borne parasites that infect wild carnivores worldwide. Since data about
haemoparasite infections in Nasua nasua from Brazil are lacking, the aim of this study was to investigate
the occurrence of haemoparasites and ectoparasites in N. nasua from different areas of Brazil. Blood
samples and ectoparasites from 83 N. nasua were collected in Botucatu, Palmital, and S8o Paulo
municipalities. Samples were screened via microscopy and molecular methods to detect haemoparasites.
Tissues from two N. nasua were obtained for histopathological and molecular analyses. All 83 samples
were negative for piroplasms on morphological and molecular examination. Thin blood smears of nine
animals were positive for Hepatozoon gamonts. The gamonts shared morphological characteristic of
Hepatozoon procyonis. Meronts were detected in the liver and spleen tissue of one animal. Twenty-one
blood samples and four tissue samples were PCR-positive for Hepatozoon sp. The sequences obtained
were 97% identical to those of Hepatozoon felis, Hepatozoon ursi, and Hepatozoon sp. Based on searches
for similarity and morphology, we identified the sequences to be from H. procyonis. In conclusion, we
provide epidemiological data on haemoparasite infections and redescribe H. procyonis based on

morphological, morphometrical, and molecular analyses.

Keywords: coatis, Hepatozoon procyonis, histology, molecular characterisation, tick-borne pathogens
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Introduction

The ring-tailed coati (Nasua nasua) are medium-sized animals that belong to the order Carnivora
and family Procyonidae. Nasua nasua are omnivores that have a generalist diet, comprised mainly of
insects, fruits, and small vertebrates (Alves-Costa et al. 2004). They are broadly distributed in South
America and adapt to different environments and food, making it possible for them to live in urban areas
and allowing them to interchange between wild and domestic environments (Rodrigues et al. 2006).
Vector-borne haemoparasites are important worldwide, as they can cause diseases in animals and human.
Many of these pathogens are maintained in wildlife reservoirs (Herrera et al. 2008; Shock et al. 2011,
Yabsley and Shock 2013; Alvarado-Rybak et al. 2016). For example, the coatis are considered reservoirs
for Trypanosoma cruzi and Trypanosoma evansi (Phylum: Sarcomastigophora), and can become infected
with several other haemoparasites, including members of phylum Apicomplexa, as piroplasms and
Hepatozoon spp. (Herrera et al. 2004; Rodrigues et al. 2007; Herrera et al. 2008; Sousa et al. 2017a;
Sousa et al. 2017b).

Piroplasms are intraerythrocytic tick-borne parasites that include species within the genera
Theileria, Babesia, and Cytauxzoon (Barbosa et al. 2017). These protozoa have a zoonotic and/or
veterinary importance. Cytauxzoon spp. infection is mainly reported in felids (Alvarado-Rybak et al.
2016). Some species of Theileria are highly pathogenic to cattle and small ruminants, causing significant
economic loss (Bishop et al. 2004). Babesia spp. are considered the causative agents of a zoonosis named
babesiosis and wildlife animals act as possible reservoirs for zoonotic Babesia (Yabsley and Shock 2013).
Piroplasm infections have been reported in several carnivore species, including members of the
Procyonidae family (Alvarado-Rybak et al. 2016). In the Brazilian Pantanal, Theileria sp. closely related
to Theileria equi has been detected infecting N. nasua (Sousa et al. 2017b). However, information is
lacking regarding piroplasm infection in N. nasua from other regions of Brazil.

Hepatozoon species (Adeleorina: Hepatozoidae) are blood parasites that infect domestic and wild
animals worldwide. They are mainly reported to infect carnivores and rodents, among the mammals
(Modry et al. 2017). Within the Procyonidae family, Hepatozoon sp. were first reported in Procyon lotor
from the United States, and consequently named H. procyonis (Richards 1961). Procyon cancrivorus
were also demonstrated to be infected with H. procyonis (Schneider 1968; Rodrigues et al. 2007). In
Brazil, H. procyonis were detected in N. nasua for the first time by morphological analysis (Rodrigues et

al. 2007). Sousa et al. (2017b) performed the first molecular detection of the Hepatozoon sp. in N. nasua.
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However, the studies that previously reported the Hepatozoon spp. infection in coatis were based solely
on either morphological (Rodrigues et al. 2007) or molecular examination (Sousa et al. 2017a). Studies
involving both morphological and molecular analyses are needed to improve characterisation of
haemoparasite species in N. nasua, allowing for a better understanding of their epidemiology.

Ticks and fleas are hematophagous ectoparasites that can cause irritation and spoliation.
Moreover, they are of great medical and veterinary importance, because these ectoparasites play a role as
vectors of pathogens for human and animals (Muller et al. 2005). Therefore, the study of ectoparasites
associated with wildlife are necessary to elucidate whether these arthropods may represent a risk to the
health of humans and animals (Dantas-Torres et al. 2010). In Brazil, few recent studies have investigated
the presence of ectoparasites infesting coatis (Dantas-Torres et al. 2010; Martins et al. 2017; Sousa et al.
2017a).

In this context, the aim of the present study was to investigate the occurrence of haemoparasites
and ectoparasites in N. nasua from different regions in Brazil, using both morphological and molecular
analyses. In addition, we redescribe H. procyonis based on its morphological and molecular

characteristics.

Material and methods

Study area and sample collection

Between September 2013 and June 2017, blood samples and ectoparasites were collected from
N. nasua in three municipalities of the state of Sdo Paulo (Botucatu, Palmital, and S&o Paulo), Brazil (Fig.
1). In Botucatu (22° 53’ 25" S, 48° 27’ 19” W), 30 animals were sampled from two forest fragments
within the “Universidade Estadual Paulista (UNESP)”. Forty N. nasua were captured in a park located in
the central region of the Palmital municipality (22° 47’ 1.7" S, 50° 12' 24.8" W). The animals sampled in
Palmital were part of a population control program developed by veterinarians from the “Centro de
Medicina e Pesquisa em Animais Selvagens (CEMPAS)”, in which the males and females were subjected
to vasectomy and tubal ligation, respectively. Moreover, food (fruits and a mixture of cornmeal, bananas,
and dog food) was offered daily to these animals. Thirteen samples were collected from N. nasua in the
“Centro de Triagem de Animais Silvestres (CETAS) of the Parque Ecologico do Tieté”, from the urban

area of the Sdo Paulo municipality (23° 29’ 29.0” S, 46° 31’ 15.3” W). In Botucatu and S&o Paulo regions,
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the coatis were free to move between urban and wild environments, whereas in the Palmital municipality,
the animals remained restricted to the park (urban region) owing to the absence of nearby floret
fragments.

The animals were anaesthetised with a combination of ketamine and midazolam. The sex and
age of the N. nasua were recorded. Age was estimated based on tooth wear, body size, and weight, and
the animals were classified as either young or adult (Herrera et al. 2008). Blood samples were collected
from the jugular vein and stored in EDTA tubes at -20 °C until DNA isolation. For microscopic
examination, thin blood smears were performed, fixed in absolute methanol, stained with 10% Giemsa,
and screened for the presence of piroplasms and Hepatozoon spp. The parasitemia of the positive coatis
was estimated by counting the number of gamonts in 500 leukocytes (Aktas et al. 2015).

Nasua nasua were also inspected for the presence of ectoparasites. Tick and flea specimens were
stored in 70% ethanol. Morphological identification of arthropods was performed following taxonomic
keys (Barros-Battesti et al. 2006; Martins et al. 2010; Linardi and Santos 2012). To detect the presence of
Hepatozoon oocysts in the tick haemocoel, 35 specimens (nymphs and adults) were randomly selected

and dissected as previously described by Demoner et al. (2013).

Histopathological analysis

All animals were apparently healthy except for two N. nasua that died in the CETAS of the
“Parque Ecoldgico do Tiet€”. One animal was bitten by a dog and died owing to respiratory insufficiency,
and the other was euthanized because it was severely injured with myiasis, muscular atrophy, and bone
exposure of the lumbar spine. They were necropsied and tissues samples (liver and spleen) were collected
for histopathological and molecular analyses. For histopathology, tissues were formalin-fixed, paraffin-

embedded, sliced at a thickness of 5 um, and stained with haematoxylin and eosin (H&E).

Morphometric analysis

The parasites detected in the thin blood smears and in the histopathological analyses were
measured via a computerized image analysis system, using the software QWin Lite 2.5 (Leica). All the
detected Hepatozoon gamonts had their length, width, and cytoplasm projection measured. The number of
gamonts measured by animal ranged from 1 to 23 gamonts. The nuclei, when visible, were also measured.

We further measured the length and width of the Hepatozoon stages detected in the tissues.



141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

30

DNA extraction, amplification, and sequencing

Genomic DNA of each sample was isolated from 200 pL of blood or 20-50 mg of tissues (liver

™

and spleen), using the illustra™ blood genomicPrep Mini Spin Kit and the illustra™ tissue and cells
genomicPrep Mini Spin Kit (GE Healthcare, Buckinghamshire, UK), respectively, following the
manufacturer's instructions. DNA concentrations (ng/uL) and quality (Azeonm/Azsonm) Were measured using
spectrophotometry (NanoDrop® ND-2000 Spectrophotometer, Thermo Scientific, Wilmington, DE,
USA).

Piroplasm detection was performed by conventional PCR using the primers BAB2 143-167 (5-
CCG TGC TAA TTG TAG GGC TAA TAC A-3) and BAB2 694-667 (5-GCT TGA AAC ACT CTA
RTT TTC TCA AAG-3"), targeting a = 500-bp fragment of the 18S rRNA gene of Babesia spp., Theileria
spp., and Cytauxzoon spp. (Almeida et al. 2012). PCR reactions were performed using the following
amplification conditions: 95 °C for 5 min, 58 °C for 1 min, and 72 °C for 2 min with 35 repetitive cycles
of 94 °C for 30 sec, 58 °C for 20 sec, and 72 °C for 30 sec followed by a final extension at 72 °C for 7
min.

DNA samples were screened for the presence of Hepatozoon spp., using the HepF300 (5'-GTT
TCT GAC CTATCA GCT TTC GAC G-3") and Hep900 (5'-CAA ATC TAAGAATTT CACCTC TGA
C-3") primer pair, which amplifies 600 bp of the 18S rRNA gene (Ujvari et al. 2004). The PCR conditions
were 94 °C for 3 min, 35 cycles at 94 °C for 45 sec, 56 °C for 1 min, 72 °C for 1 min, and a final
extension step at 72 °C for 7 min. All positive samples in the first PCR were also amplified by nested
PCR with the primers HAM-1 (5-GCC AGT AGT CAT ATG CTT GTC-3') and HPF-2 (5-GAC TTC
TCC TTC GTC TAA G-3') (Criado-Fornelio et al. 2006), followed by 4558 (5-GCT AAT ACA TGA
GCA AAA TCT CAA-3) and 2733 (5'-CGG AAT TAA CCA GAC AAA T-3) (Mathew et al. 2000),
which targeted a larger fragment (1,120 bp) of the 18S rRNA gene for sequencing and phylogenetic
analysis. The PCR conditions for the primary PCR (primers HAM-1 and HPF-2) consisted of a pre-PCR
step at 95 °C for 3 min, followed by 40 cycles of 95 °C for 1 min, 56 °C for 1 min, an extension at 72 °C
for 1 min and 30 sec, and a final extension at 72 °C for 7 min. The PCR conditions of the secondary PCR
(primers 4558 and 2733) consisted of a pre-PCR step at 94 °C for 3 min, followed by 40 cycles of 94 °C
for 1 min, 55 °C for 2 min, an extension at 72 °C for 2 min, and a final extension at 72 °C for 10 min.

To avoid misdiagnosis of Hepatozoon meronts with Toxoplasma gondii cysts, a PCR was

performed on the N. nasua DNA tissues with the primers TOX4 (5'-CGC TGC AGG GAG GAA GAC
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GAA AGT TG-3") and TOX5 (5'- CGC TGC AGA CAC AGT GCA TCT GGA TT-3'), which targeted a
529-bp fragment of the T. gondii repeated sequence (Homan et al. 2000).

All the PCRs were carried out in a total volume of 25 uL: 12.5 uL of GoTaq® Colorless Master
Mix (Promega Corporation, W1, USA), 1.25 pL (10 pmol/pL) of each primer, 5 puL of DNA, and 5 pL of
nuclease free water (Thermo Scientific). A negative (distilled sterile water) and a positive control
(Hepatozoon canis or Babesia vogeli DNA isolated from naturally infected dogs, or T. gondii DNA
extracted from experimentally infected mice) were used in each reaction.

Amplified products were visualized by electrophoresis on 1% agarose gels stained with GelRed™
(Biotium, Hayward, USA). The amplicons were purified using illustra ExoProStar™ 1-Step (GE
Healthcare, Buckinghamshire, UK) in agreement with the manufacturer’s instructions. PCR products
were sequenced using the BigDye™ Terminator v.3.1 Cycle Sequencing Ready Reaction Kit (Applied

Biosystems, Foster City, CA, USA) and ABI 3500 Genetic Analyzer (Applied Biosystems, Foster City,

CA, USA).

Phylogenetic analysis

The obtained sequences were edited using the BioEdit software v7.2.5 (Hall 1999) and compared
for similarity with sequences available in GenBank® by BLASTn (http://www.nchi.nlm.nih.gov/BLAST).
Multiple alignment, with 628 bp, for four sequences obtained in this study and 32 sequences retrieved
from GenBank®, was performed using the MUSCLE algorithm and the GENEIOUS v.7.1.3 software
(Biomatters; http://www.geneious.com). The best evolutionary model for maximum likelihood analysis
was identified using the jModelTest v.2.1.10 program (Darriba et al. 2012). The best fitting model based
on the Akaike Information Criterion (AIC) was TPM2uf + G. The phylogenetic tree was implemented by
the maximum likelihood methods using PhyML v.3.0 (Guindon et al. 2010). To estimate internal nodes of
the tree, a bootstrap with 1000 replicates was used. An alignment with 1,085 bp from one Hepatozoon sp.
sequence obtained in this study and five Hepatozoon sp. sequences isolated from carnivores available on
GenBank®, was used to estimate the percentage of nucleotide divergence. This analysis was performed on

the MEGAG software, using the Kimura 2 Parameter substitution model (Tamura et al. 2013).
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Statistical analysis

The prevalence and confidence intervals (95%) for Hepatozoon spp. were calculated using
Sourceforge.net® (http://sampsize.sourceforge.net/iface/index.html). Association between Hepatozoon sp.
DNA positivity with origin (Botucatu, Palmital or Sdo Paulo), age (young or adult), sex (female or male),
tick (presence or absence) and fleas (presence or absence) was assessed using Pearson Chi Square test (all
categories sample sizes>5) or Fisher’s exact test (any category sample size<5). Association between
infection with age, sex and ectoparasites was evaluated by region studied. Palmital region was excluded
from the analysis because all samples were negative for Hepatozoon spp. An unpaired Student’s t-test
was used to determine statistically significant differences in the parasitemia between the age and sex.
Analyses of the obtained data were carried out on the BioEstat 5.0 software (Ayres et al. 2007). P-values

<0.05 were considered to indicate statistically significant differences.

Ethical statement
All procedures used in this study were approved by the local ethics committee on animal use
(protocol no: 561-CEUA) and authorized by the Brazilian Institute of Environment and Renewable

Natural Resources (IBAMA,; SISBIO authorization no: 42263-2).

Results

The 83 samples examined were negative for piroplasms in the thin blood smear and also in the
PCR. Nine animals (10.8%; Cl: 5-19.5; n = 83) were positive for Hepatozoon gamonts (Table 1). All
positive samples in the thin blood smear were from the Botucatu municipality. The gamonts were
elongated, with an eccentric nucleus and a curved cytoplasmic projection located opposite to the nucleus
(Fig. 2), which is characteristic of H. procyonis (Richards 1961; Rodrigues et al. 2007). The average
Hepatozoon parasitemia of the nine animals was 0.40%, ranging from 0.2% to 1%. No statistical
difference was observed in the parasitemia of the groups: young (n=2) and adult (n=7) (p = 0.57); female
(n=4) and males (n=5) (p = 0.13). However, the number of animals that had the parasitemia calculated
was very small. In the histopathological analysis, several stages of Hepatozoon meronts were detected in
the liver and spleen of one out of the two sampled animals (Figs. 3 and 4). The blood from positive

animal in the histopathology was negative, for Hepatozoon spp., in the microscopic examination and
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positive in the molecular analysis. All samples that presented as positive for infection in the thin blood
smear and histopathology were also positive in the PCR.

Hepatozoon DNA was detected in 21 animals (25.3%; Cl: 16.4-36; n = 83), using PCR (Table
1). A higher prevalence of Hepatozoon infection was registered in N. nasua from Botucatu, with 17
positive animals (56.7%; Cl: 37.4-74.5; n = 30). In S&o Paulo, four animals (30.8%; CI: 9-61.4; n = 13)
were infected with Hepatozoon sp. However, Hepatozoon infection was not found in N. nasua from the
Palmital municipality. The prevalence of Hepatozoon infection between Botucatu and Sdo Paulo
municipalities was not statistically different (p = 0.18). However, statistic differences were observed
between Botucatu and Palmital (p = 0.00), and between S&o Paulo and Palmital (p = 0.00), as in Palmital
no infected animal was detected. Although the prevalence of Hepatozoon sp. was higher in female that in
male and in adults that in young coatis, no significant association (p > 0.05) was observed between sex or
age and the presence of Hepatozoon sp. in the evaluated regions (Table 2).

The liver and spleen of the two necropsied coatis were also PCR-positive for Hepatozoon sp. and
PCR-negative for piroplasm and T. gondii. Twenty-five 18S rRNA sequences were obtained from the
blood, liver, and spleen samples of the 21 positive animals, and were identified to be identical to each
other. A BLAST search showed that the Hepatozoon sp. sequences isolated in this study were distinct
from the Hepatozoon spp. sequences available in GenBank®. The obtained sequences demonstrated a
97% similarity to those of Hepatozoon felis (KX017290, AY628681, and AY620232), Hepatozoon sp.
(EF222257, KU198330, and FJ719813), and Hepatozoon ursi (EU041718), and a 96% similarity to those
of Hepatozoon canis (KX712126, DQ439540, and AY150067). Based on the similarity search and
morphological characteristics of the Hepatozoon gamonts, we identified the sequences to belong to H.
procyonis. All 25 H. procyonis sequences obtained in this study were deposited in GenBank® under the
following accession numbers: MF685386-MF685410. The percentage of nucleotide divergence between
H. procyonis and Hepatozoon spp. in carnivores ranged from 3.3-4.2% (Table 3).

The maximum likelihood tree (Fig. 5), inferred from a 640-bp fragment of the 18S rRNA gene
from 32 Hepatozoon sequences, showed three principal clades: one comprised of Hepatozoon spp.
sequences from carnivores, and the other two clades grouped Hepatozoon spp. sequences from
amphibians, reptiles, rodents, and marsupials. Moreover, H. procyonis detected in this study clustered
with Hepatozoon sp. sequences previously isolated from N. nasua in Brazil (KX779359 and KX779361)

and formed a unique clade strongly supported with 100% bootstrap.
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A total of 129 tick specimens were collected from 31 N. nasua (37.3%; Cl: 26.9-48.6; n = 83).
Tick specimens were morphologically identified as Amblyomma dubitatum, Amblyomma ovale,
Amblyomma sculptum, Amblyomma sp., and Rhipicephalus sanguineus sensu lato (Table 1). Of the 21
coatis that were positive for H. procyonis, 18 were also positive for ticks (85.7%; Cl: 63.6— 96.9).
However, the presence of ticks was not significantly correlated with the presence of H. procyonis (p >
0.05). Amblyomma ovale and A. sculptum were the most prevalent tick species infesting N. nasua.
Amblyomma ovale was detected in 15 of the 31 animals infested with ticks (43.9%; Cl: 30.1-66.9; n = 31)
and A. sculptum was present on 16 coatis (51.6%; Cl: 33-69.8; n = 31). To detect the presence of
Hepatozoon oocysts, 35 tick specimens (30 A. ovale adults and five A. sculptum nymphs) were dissected.
All the evaluated tick specimens were negative for Hepatozoon oocysts. Additionally, 12 specimens of
fleas were also found infesting seven N. nasua (8.4%; ClI: 3.4-16.6; n = 83). Ten fleas were identified as
Rhopalopsyllus lutzi lutzi and two as Ctenocephalides felis (Table 1). No significant association was

observed between the flea infestation and the H. procyonis infection (p > 0.05).

Redescription of Hepatozoon procyonis Richards, 1961

Gamonts: Gamonts were located in the cytoplasm of neutrophils and monocytes. They were elongated,
surrounded by a capsule, and presented a mean size of 10.35 + 0.53 pm x 3.21 £ 0.29 um (9.06-11.34
pm x 2.53-4.01 um; n = 62). The H. procyonis gamonts showed a curved cytoplasmic projection that was
located opposite to the nucleus, which is characteristic to this species (Fig. 2). The cytoplasmic projection
measured 4.33 £ 0.35 pm (3.66-5.15 um; n = 62). It was not possible to visualize the nucleus in most of
the gamonts. When visible, the compact nucleus was located eccentrically and showed a mean size of

4.07 £ 0.44 pm x 2.22 + 0.22 pm (2.97—4.36 pm x 1.81-2.53 um; n = 13).

Meronts: Several developmental stages of meronts were observed in the liver and spleen of N. nasua
(Figs. 3 and 4). The H. procyonis meronts were round to oval and separated from the surrounding tissues
by a thick membrane, which enveloped them. Immature meronts contained amorphous material (Fig. 3)
and measured 15.39 + 2.4 ym x 12.99 + 2.29 pm (10.07-20.39 um x 8.58-18.84 um; n = 53). Almost-
mature meronts presented visible nuclei without distinct merozoites (Fig. 4). The mean size was observed
to be 21.63 £ 0.61 pum x 18.94 + 2.31 pm (21.1-22.45 pm x 16.69-21.34 um; n = 4). No mature meronts

were observed.
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Taxonomic summary

Type host: Procyon lotor Linnaeus, 1758 (Carnivora: Procyonidae) (Richards 1961; Clark et al. 1973)
Other host: Procyon cancrivorus Cuvier, 1798 (Carnivora: Procyonidae) (Schneider 1968; Rodrigues et
al. 2007); Nasua nasua Linnaeus, 1766 (Carnivora: Procyonidae) (Rodrigues et al. 2007; present study)
Vector: Unknown

Site infection: Gamonts were observed in peripheral and total blood (Richards 1961; Schneider 1968;
Clark et al. 1973; Rodrigues et al. 2007; present study). Meront stages were detected in the heart
(Richards 1961; Schneider 1968; Clark et al. 1973), skeletal muscle (Clark et al. 1973), and liver and
spleen tissue (present study).

Type locality: Southwestern Georgia (Richards 1961)

Other localities: Panama (Schneider 1968); Texas, United States (Clark et al. 1973); Rio de Janeiro
State, Brazil (Rodrigues et al. 2007); Botucatu (22° 53’ 25" S, 48° 27" 19” W) and Sdo Paulo (23° 29’
29.0” S, 46° 31’ 15.3” W) municipalities, Sdo Paulo State, Brazil (present study)

Prevalence (present study): Botucatu: 17 out of 30 (56.57%); Séo Paulo: four out of 13 (30.77%)

DNA sequences: Twenty-five 18S rRNA sequences (964-1064 bp) were deposited in GenBank®
(Accession numbers: MF685386—MF685410).

Material deposited: Blood smear and histology slides will be deposited at the “Cole¢do Helmintologica
do Instituto de Biociéncias de Botucatu (CHIBB)’’, at the Parasitology Department, IBB, UNESP, Sio

Paulo, Brazil.

Discussion

Piroplasms have been reported to infect a wide range of wild carnivores worldwide, including
members of the Procyonidae family such as the raccoon (P. lotor) in the USA and Japan, and the white-
nosed coatis (Nasua narica) in Costa Rica (Kawabuchi et al. 2005; Birkenheuer et al. 2006; Birkenheuer
et al. 2008; Jinnai et al. 2009; Clark et al. 2012; Mehrkens et al. 2013; Alvarado-Rybak et al. 2016). In
Brazil, these protozoa have been detected via molecular methods in carnivores such as the pampas cat
(Oncifelis colocolo), common genet (Genetta genetta), crab-eating fox (Cerdocyon thous), pampas fox
(Lycalopex gymnocercus), jaguar (Panthera onca), little spotted cat (Leopardus tigrinus), margay
(Leopardus wiedii), ocelot (Leopardus pardalis), pallas's cat (Otocolobus manul), puma (Puma concolor),

jaguarundi (Puma yagouaroundi), maned wolf (Chrysocyon brachyurus) and ring-tailed coati (N. nasua)
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(André et al. 2009; André et al. 2011; Soares et al. 2014; Silveira et al. 2016; Furtado et al. 2017; Soares
et al. 2017; Sousa et al. 2017b). However, piroplasms were not detected in N. nasua from the Botucatu,
Palmital, and Sdo Paulo municipalities. The absence of the piroplasm infection in coatis from these
regions may be related to the geographical distribution of these protozoa and unavailability of competent
vectors, considering that ring-tailed coatis from Pantanal region of Brazil have been infected with
Theileria sp., closely related to T. equi (Sousa et al. 2017b).

Hepatozoon procyonis was the only haemoparasite found infecting N. nasua from the regions of
our study. This parasite was first reported infecting P. lotor specimens from Georgia, United States
(Richards 1961). Hepatozoon procyonis was also detected in P. cancrivorus from Panama and Brazil
(Schneider 1968; Rodrigues et al. 2007). By morphological analysis, Rodrigues et al. (2007) identified H.
procyonis in N. nasua from Brazil and morphometrically characterized the gamonts of this species.
Recently, Hepatozoon sp. was detected infecting N. nasua from the Brazilian Pantanal via molecular
methods, but the Hepatozoon species that affected these animals was not identified (Sousa et al. 2017a).
To our knowledge, this is the first report that characterizes H. procyonis from N. nasua morphologically,
morphometrically, and molecularly. Based on these characteristics, we also redescribed this parasite.

We detected Hepatozoon gamonts in thin blood smears of the N. nasua. The gamonts were
elongated with eccentric nuclei and presented a cytoplasmic projection. The morphological data obtained
in this study agreed with previously described gamont characteristics for H. procyonis (Richards 1961;
Schneider 1968; Rodrigues et al. 2007). The study by Rodrigues et al. (2007) reported that the mean size
of the H. procyonis gamonts from N. nasua was 10.45 x 4.03 um. In our study, similar data was obtained,
with gamonts measuring 10.35 x 3.21 pum on mean. The parasites observed in P. lotor had their nuclei
located in the central region of the gamont (Richards 1961). However, the nuclei of the H. procyonis
gamonts from N. nasua were reported to be eccentric and measured 4.20 x 2.03 um on mean (Rodrigues
et al. 2007). The gamonts identified in this study also exhibited eccentric nuclei with a mean size of 4.07
x 2.22 pm. However, the nuclei of most of the gamonts were not visible. The morphometric data obtained
in this study with respect to cytoplasmic projection, a characteristic of H. procyonis, were similar to that
described by Rodrigues et al. (2007). Cytoplasmic projection measured 4.33 um in this study, whereas
Rodrigues et al. (2007) reported measurements of 4.08 um.

Hepatozoon procyonis meronts have been found in the heart and skeletal muscle tissues of P.

lotor and in the heart tissue of P. cancrivorus (Richards 1961; Schneider 1968; Clark et al. 1973). We
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detected, for the first time, H. procyonis meronts in the liver and spleen tissues of N. nasua. The almost-
mature meronts found in this study measured a mean of 21.63 x 18.94 um and were smaller than the
meronts detected in P. lotor and P. cancrivorus (Schneider 1968; Clark et al. 1973). Hepatozoon
procyonis meronts observed in P. lotor measured 31.2 x 22.7 um on mean (Clark et al. 1973), and those
detected in P. cancrivorus presented a mean size of 40.3 x 27.1 um (Schneider 1968). The differences
observed in the size of the meronts may be due to the developmental stages of the measured meronts.
Other explanations could be associated with the techniques of fixation and preparation of the samples,
errors in morphometric analysis, or affiliation with other Hepatozoon species (Baneth and Shkap 2003;
Kubo et al. 2010; Hodzi¢ et al. 2017).

Phylogenetic analysis demonstrated that the H. procyonis sequence obtained in this study
grouped in the same clade as the Hepatozoon sp. sequences isolated from N. nasua in the Brazilian
Pantanal (Sousa et al. 2017a). Therefore, the Hepatozoon sp. detected in the Pantanal is probably H.
procyonis, which suggests that this parasite appears to be common among coatis from several regions of
Brazil.

Hepatozoon procyonis was detected in two (Botucatu and S&o Paulo) out of the three studied
regions. No H. procyonis infection was observed in coatis from Palmital. This was probably because the
animals lived restricted to the park and did not move between the urban and wild environments,
consequently being less exposed to vectors. Moreover, the coatis from Palmital were fed daily and
exposed to good nutritional conditions, suggesting robust immune systems for the animals. Our results are
in agreement with Calegaro-Marques and Amato (2014) that stated the influence of the degree of
urbanization on helminthic richness, abundance and community structure of Turdus rufiventris. These
authors reported that urbanization disrupts host-parasite interactions and a higher environmental diversity
allows the survival of intermediate hosts, vectors and parasites (Calegaro-Marques and Amato, 2014).
Additionally, the prevalence of vectors as fleas and ticks infesting dogs is frequently higher in rural areas
than in urban areas (Abarca et al. 2016).

Usually, the Hepatozoon infected animals showed low parasitemia (Mundim et al. 2008). In this
study the parasitemia mean of H. procyonis was relatively low (0.4%), which indicates that the coatis
evaluated were probably in the chronic stage of infection. In addition, no statistical difference was
observed in the parasitemia with age or sex of animals. New studies are needed for evaluated this

association in a higher number of animals.
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The prevalence of haemoparasites was suggested to be affected by several factors, such as the
host’s sex and age (Aktas and Ozubek 2017). In our study, no significant difference was observed
between a positive H. procyonis infection and the sex or age of the host. This information corroborates
those in previous studies (Baneth et al. 2013; Cardoso et al. 2014; Aktas and Ozubek 2017) and suggests
that coatis were infected when young. No association was observed between H. canis infection in red
foxes (Vulpes vulpes) and the sex or age of the animals, and the authors suggested that the foxes were
infected by a vector or by transplacental transmission when young (Cardoso et al. 2014). However, the
possibility of transplacental transmission for H. procyonis infection have not yet been studied.

In the present study, five tick species were detected on N. nasua (A. dubitatum, A. ovale, A.
sculptum, Amblyomma sp., and R. sanguineus s. I.). We further identified, for the first time, nymphs of A.
dubitatum infesting N. nasua. The other stages and species of ticks were previously detected on coatis in
studies performed in Brazil (Dantas-Torres et al. 2010; Martins et al. 2017; Sousa et al. 2017a). However,
the H. procyonis vector remains unknown. We failed to detect Hepatozoon oocysts in ticks. One
explanation for not detecting the oocysts in the ticks might be the fact that the development of
Hepatozoon oocysts needs about 30 days in Rhipicephalus turanicus, and ~ 14 days in A. ovale (Giannelli
et al. 2017). So, probably in the fresh taken ticks from the positive hosts there was not enough time for the
Hepatozoon to develop further and mature oocysts. Amblyomma ovale was among the most frequent tick
species collected from N. nasua in this study, and most of the H. procyonis positive animals were also
found to be infested by A. ovale. Interestingly, A. ovale has been considered a potential vector for other
Hepatozoon species (Forlano et al. 2005; Rubini et al. 2009; Demoner et al. 2013). These observations
suggest that A. ovale could act as vector for H. procyonis, but further studies are required to confirm this

hypothesis.

Conclusion

This study provides epidemiological data on haemoparasite infection in N. nasua from 3 distinct
regions of Brazil. Furthermore, we characterized H. procyonis morphologically, morphometrically, and
molecularly, and resdescribed this species. Further studies are required to elucidate the life cycle of H.

procyonis and its vectors.
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568  Table 1. Prevalence of Hepatozoon procyonis infection and ticks species collected from Nasua nasua in the municipalities of Botucatu, Palmital and Sdo Paulo, S&o Paulo

569 State, Brazil.

Origin N° of N° of animals N° of animals N° de ticks specimens collected N° de fleas
animals  Infected (n/%) infested (n/%o) specimens collected
sampled  Blood PCR Ticks Fleas A. A. A. Amblyomma  R.sanguineus  R. lutzi lutzi C.
smear dubitatum ovale sculptum sp. s. . felis
N F M F N L F F M F
Botucatu 30 9(30.0) 17 (56.7) 26(86.7) 6 (20.0) 5 27 27 39 20 8 2
Palmital 40 0 0 3(7.5) 0 1 1 1
S&o Paulo 13 0 4(30.8) 2(154) 1(7.7) 1 2 5 2
Total 83 9(10.8) 21(25.3) 31(37.3) 7(8.4) 6 28 27 1 41 25 1 8 2 2

570 N° - number; A. dubitatum - Amblyomma dubitatum; A. ovale — Amblyomma ovale; A. sculptum — Amblyomma sculptum; R. sanguineus s. I. — Rhipicephalus sanguineus sensu
571 lato; R. lutzi lutzi - Rhopalopsyllus lutzi lutzi; C. felis - Ctenocephalides felis; N — Nymph; F — Female; M — Male; L — Lavae.
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Table 2. Comparison of Hepatozoon procyonis prevalence by PCR, in Nasua nasua from Botucatu, Palmital and S&o Paulo, in relation to ectoparasites, gender and age.
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Origin N° Ticks Fleas Gender Age
Presence  Positive P - Presence  Positive P - Female Male P - Young Adult P -
of ticks (n/%) value  of fleas (n/%) value value value
(n/%) (n/%) N° Positive ~ N° Positive N° Positive  N° Positive
(n/%) (/%) (n/%) (n/%)
Botucatu 30 26(86.7) 16(61.5) 029 6(20.0) 4(66.7) 067 14 8(57.1) 16 9(56.2) 0.96 13 6(46.1) 17 11(64.7) 0.31
Palmital 40 3(7.5) 0 * 0 0 * 24 0 16 0 * 15 0 25 0 *
SioPaulo 13  2(154) 2(100) 0.08  1(7.7) 1(100) 030 6 3(500) 7 1(143) 026 8 1(125) 5 3(60.0) 0.21
Total 83 31(37.3) 18(58.1) 7(84)  5(71.4) 44 11(25.0) 39 10 (25.6) 36 7(19.4) 47 14(29.8)

N° - number of animals sampled

*P- value not measured because in Palmital municipality all samples were negative for Hepatozoon procyonis
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581  Table 3. Distance matrix among Hepatozoon spp. sequences isolated from carnivorous. Upper triangle shows the percentage of nucleotide difference, while the lower triangle

582 shows the number of nucleotide difference.

Sequences 1 2 3 4 5 6
(AF176836) (KU569168) (EU041718) (MF685403)* (AY620232) (KX757032)
1. Hepatozoon americanum - 3.2% 3.4% 3.6% 3.3% 2.7%
2. Hepatozoon canis 32 - 4.4% 4.2% 3.6% 3.6%
3. Hepatozoon ursi 34 44 - 3.8% 3.4% 3.5%
4. Hepatozoon procyonis * 36 42 38 - 3.3% 3.6%
5. Hepatozoon felis 33 37 35 34 - 2.2%
6. Hepatozoon silvestris 28 37 36 37 23 -

583  *Sequence isolated in this study.

584

585
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Fig. 1. Map of Sdo Paulo State, indicating the three municipalities where samples were collected.

Figure 2. Gamont of Hepatozoon procyonis in the total blood of a Nasua nasua. (*****®) Gamont. (—)

cytoplasmic projection. Giemsa stain.
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Figure 3. Imature meronts of Hepatozoon procyonis in the liver and spleen tissues from Nasua nasua.
(A) An early H. procyonis meront in the liver. (B) An immature H. procyonis meront in the spleen.

Hematoxylin & Eosin stain.

Figure 4. Almost mature meront of Hepatozoon procyonis, in the spleen of a Nasua nasua, with

merozoites nuclei visible. Hematoxylin & Eosin stain.
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98— Hepatozoon sp. (AY461377), Cerdocyon thous
Hepatozoon sp. (KC127679), Cerdocyon thous
Hepatozoon americanum (AF176836), Canis familiaris
Hepatozoon sp. (KX776387), Cerdocyon thous
9 Hepatozoon sp. (KX776391), Cerdocyon thous
Hepatozoon canis (KUS69168), Canis familiaris
Hepatozoon canis (AY150067), Vulpes vulpes
Hepatozoon canis (AY461375), Cerdocyon thous
Hepatozoon canis (AY461376), Pseudalopex gymnocercus
® Hepatozoon procyonis (MF685404), Nasua nasua
® Hepatozoon procyonis (MF685403), Nasua nasua
® Hepatozoon procyonis (MF685405), Nasua nasua
. Hepatozoon procyonis (MF685388), Nasua nasua
Hepatozoon sp. (KX776339), Nasua nasua
. Hepatozoon sp. (KX776361), Nasua nasua
Hepatozoon felis (AY620232), Felis catus
Hepatozoon felis (AY628681), Felis catus
Hepatozoon silvestris (KX757032), Felis silvestris silvestris
Hepatozoon sp. (EF222257), Martes martes
Hepatozoon sp. (KU198330), Meles meles
s3yHepatozoon ursi (EU041717), Ursus thibetanus japonicus
00} Hepatozoon ursi (HQ829437), Melursus ursinus
Hepatozoon ursi (EU041718), Ursus thibetanus japonicus
84— Hepatozoon catesbianae (AF176837), frog
Aﬁ({-ﬁlepatozoon ixoxo (KP119772), Amietophrynus maculatus
100 Hepatozoon theileri (KP119773), Amietia quecketti
Hepatozoon sp. (FI719813), Dromiciops gliroides
Hepatozoon sp. (FJ719814), Dromiciops gliroides
5> Hepatozoon sp. (EF222259), Sciurus vulgaris
Hepatozoon sp. (KU667308), Akodon sp.
Hepatozoon ayorgbor (EF157822), Boa constrictor
Hepatozoon fitzsimonsi (KR069084), Kinixys zombensis
'Adelina grylli (DQ096836)
Adelina dimidiata (DQ096835)

63

100 Babesia vogeli (AY371196)
— Cytauxzoon felis (GU903911)

0.03

Fig. 5. Phylogenetic tree of maximum likelihood analysis based on the partial sequences (640 bp) of the
18S rRNA gene of Hepatozoon species from Nasua nasua, isolated in this study and sequences deposited
in GenBank. The branch length scale represents 0.03 substitutions per site. Cytauxzoon felis, Babesia

vogeli, Adelina dimidiata and Adelina grylli were used as outgroups. (®) sequences obtained in this study.
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6. CAPITULO 2

ARTIGO CIENTIFICO:

Molecular detection of hemoprotozoan in ticks collected on Nasua nasua from Séo

Paulo, Brazil
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ABSTRACT

Piroplasms and Hepatozoon spp. are tick-borne Apicomplexa protozoa that cause
disease in both humans and animals. In Brazil is scarce the information about which
protozoa are circulating in ticks from wild animals is scarce. Therefore, the aim of
present study was to investigate the occurrence of hemoprotozoa in ticks from Nasua
nasua, and molecularly characterize the parasites detected. Forty-eight tick samples
were screened via molecular analysis to detect piroplasms and Hepatozoon species. Two
Amblyomma sculptum samples were PCR positive for piroplasms. The Piroplasmida
sequences obtained presented 99% similarity to Babesia sp. from capybara (EF222255)
and 89% similarity to Theileria orientalis, Theileria sergenti and Theileria annulata,
and in the phylogenetic analysis grouped with Babesia sp. (EF222255). In the PCR for
Hepatozoon spp. detection, two Amblyomma ovale were positive. One of the detected
sequences was 100% similar with Hepatozoon procyonis, while the other sequence
showed 99% of identity for Hepatozoon americanum haplotype. In the phylogenetic
analysis, Hepatozoon sp. from A. ovale clustered in the same clade with H. americanum
haplotypes and H. procyonis sequence grouped with H. procyonis sequences from N.
nasua. In conclusion, we detected Hepatozoon spp. and Piroplasmida in ticks from N.
nasua. Hepatozoon americanum haplotype was detected in A. ovale for the first time

and this parasite can represent a risk of infection for dogs.

Keywords: Amblyomma ovale; Amblyomma sculptum; Hepatozoon americanum;

Hepatozoon procyonis; Piroplasmida.



77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

55

1. Introduction

Ticks are arthropods with medical and/or veterinary relevance, distributed in the
Argasidae, Ixodidae and Nuttalliellidae families (Guglielmone et al., 2010). They are
haematophagous ectoparasites that infest vertebrates worldwide, and can cause
irritation, dermatitis and anemia (Peter et al., 2005). However, the main relevance of
ticks is that they are vectors of bacteria, viruses, and protozoa (Jongejan and Uilenberg,
2004). In addition, ticks and wildlife are the main reservoirs of tick-borne
microorganisms, and certainly most tick-borne agents of humans and animals circulate
between wild animals and ticks (Dantas-Torres et al., 2012; Baneth, 2014). Recently,
the occurrence and diversity of tick-borne infections in humans and animals have
increased due to factors, such as the existence of better diagnostic tools, global climate
change and urbanization, that increased contact of humans and domestic animals with
wildlife and vectors (Dantas-Torres, 2015; Alvarado-Rybak et al., 2016).

Wild carnivores belong to the same Order as dogs and cats, sharing several
parasites (Alvarado-Rybak et al., 2016). Nasua nasua are medium-sized carnivores that
belong to family Procyonidae. They are broadly distributed in South America and, in
some regions of Brazil, the coatis live in urban areas and can make interchange between
wild and domestic environments (Rodrigues et al., 2006; Silva et al., 2018). Nasua
nasua are host of several tick species as Amblyomma auricularium, Amblyomma
brasiliense, Amblyomma dubitatum, Amblyomma parkeri, Amblyomma parvum,
Amblyomma ovale, Amblyomma sculptum, Rhipicephalus microplus and Rhipicephalus
sanguineus sensu lato (Dantas-Torres et al., 2010; Martins et al., 2017; Sousa et al.,
2017a; Silva et al., 2018).

The piroplasms, which include Babesia spp. and Theileria spp., and Hepatozoon

spp. are tick-borne protozoa that belong to the Phylum Apicomplexa. Babesia spp. and
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Theileria spp. are mainly transmitted by Ixodid ticks, via saliva, during the course of the
blood meal (Homer et al., 2000; Baneth et al., 2014). These parasites infect erythrocytes
of mammals and can cause a disease named piroplasmosis. Among arthropod-borne
diseases of animals, piroplasmosis is one of the most prevalent (Alvarado-Rybak et al.,
2016). Hepatozoon spp. are protozoa closely related to the piroplasms, and infect
vertebrates through the ingestion of an arthropod containing mature oocysts (Smith,
1996). Hepatozoon americanum and Hepatozoon canis are the causative agents of
canine hepatozoonosis. The vector of H. americanum is the tick Amblyomma
maculatum and, H. canis is mainly transmitted by the tick R. sanguineus (Baneth et al.,
2011), nevertheless, in Brazil can be transmitted by A. ovale (Forlano et al., 2005;
Rubini et al., 2009; Demoner et al., 2013).

The molecular detection of DNA from parasites in ticks does not necessarily
mean that they are biological vectors (Masatani et al., 2017). However, monitoring of
pathogen occurrence in tick specimens can increase knowledge about the diversity and,
improve the understanding of the epidemiology of tick-borne microorganisms
(Anderson et al., 2017; Blanco et al., 2017). In Brazil, although there are some recent
researches of detection of tick-borne pathogens in ticks from wild mammals, the
majority of these studies evaluated the occurrence of bacteria (Almeida et al., 2013;
Acosta et al., 2016; Witter et al., 2016; Dall’Agnol et al., 2017; Fontalvo et al., 2017,
Labruna et al., 2017; Martins et al., 2017; Weck et al., 2017; Sousa et al., 2018c).
Moreover, there were few molecular epidemiological studies on detection of protozoan
parasites from ticks of wildlife (Almeida et al., 2013; Wolf et al., 2016; Blanco et al.,
2017; Sousa et al., 2017a; Sousa et al., 2017b). In addition, most of these studies were
performed in Brazilian Pantanal (Wolf et al., 2016; Sousa et al., 2017a; Sousa et al.,

2017b). Therefore, currently are scarce the information about which protozoa are
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circulating in ticks collected from wild animals in some regions of Brazil. Within that
context, this study aimed to detect Babesia spp., Theileria spp., and Hepatozoon spp. in

ticks from N. nasua and phylogenetically characterize the protozoa detected.

2. Materials and Methods
2.1. Collection of tick samples

From September 2013 to June 2017, 129 tick specimens were collected on 83 N.
nasua from urban and peri-urban region of Botucatu (22° 53’ 25" S, 48° 27' 19" W),
Palmital (22° 47" 1.7" S, 50° 12’ 24.8” W), and S&o Paulo (23° 29' 29.0” S, 46° 31’
15.3" W) municipalities, Sdo Paulo State, Brazil (Silva et al., 2018). Details about the
municipalities, capture and management of animals have been described by Silva et al.,
(2018).

Thirty-five of 129 ticks were dissected to detect the presence of Hepatozoon
oocysts in the hemocoel (Silva et al., 2018). Twenty-five larvae were not identified to
species level, and not used for molecular detection of hemoprotozoa. The other 69 tick
specimens were identified and stored in 70% ethanol until DNA extraction (Silva et al.,

2018).

2.2. DNA extraction, amplification and sequencing

DNA from adult ticks was isolated individually, while DNA from nymphs was
extracted individually or in pools. Nymphs were pooled into groups consisting of 2-5
ticks, according to species and host. Each pool was considered as one tick sample. Prior
to DNA isolation, ticks were washed with PBS and homogenized using a fine sterile
scalpel blade. The Illustra Tissue Mini Spin Kit® (GE Healthcare, Buckinghamshire,

UK) was used to DNA extraction from the ticks, following the manufacturer's
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instructions. Spectrophotometry (NanoDrop® ND-2000 Spectrophotometer, Thermo
Scientific, Wilmington, DE, USA) was used to measure DNA concentrations (ng/puL)
and quality (A260nm/A280nm).

All samples (individual ticks and pools) were screened for the presence of
piroplasms (Babesia spp., and Theileria spp.) and Hepatozoon spp. DNA. Piroplasms
detection was first performed with the primers BAB2 143-167 and BAB2 694-667
(Almeida et al., 2012), following the conditions described by Silva et al. (2018). For
additional sequencing and phylogenetic analysis two other protocols were performed
(Table 1) (Jefferies et al., 2007; Paparini et al., 2012). The presence of Hepatozoon
DNA was screened using the primers pair Hep300 and Hep900, which targets a 600-bp
fragment of the 18S rRNA gene of Hepatozoon spp. (Ujvari et al., 2004). To amplify
and sequence a larger segment of the 18S rRNA gene, the positive samples for
Hepatozoon DNA were also submitted to a nested PCR protocol (Table 1) (Mathew et
al., 2000; Criado-Fornelio et al., 2006).

All the PCRs were carried out in a total volume of 25 pL: 12.5 pL of GoTag®
Colorless Master Mix (Promega Corporation, WI, USA), 1.25 pL (10 pmol/uL) of each
primer, 5 uL. of DNA, and 5 pL of nuclease free water (Thermo Scientific). In the case
of nested PCR, only 1 pl of DNA was used. In all PCRs, negative (distilled sterile
water) and positive (Hepatozoon canis or Babesia vogeli DNA isolated from naturally
infected dogs) controls were included.

The amplified DNA segments were visualized by electrophoresis on 1% agarose
gels stained with GelRed™ (Biotium, Hayward, USA). The amplicons were purified
using illustra ExoProStar™ 1-Step (GE Healthcare, Buckinghamshire, UK) in
agreement with the manufacturer’s recommendations. PCR products were sequenced

using the BigDye™ Terminator v.3.1 Cycle Sequencing Ready Reaction Kit (Applied
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Biosystems, Foster City, CA, USA) and ABI 3500 Genetic Analyzer (Applied

Biosystems, Foster City, CA, USA).

2.3. Phylogenetic analysis

The resultant sequences were edited with BioEdit, version 7.2.5 (Hall, 1999),
and compared for homologous sequences in the GenBank databases, using BLASTN
(http://www.ncbi.nlm.nih.gov/BLAST). The MUSCLE algorithm, in the software
GENEIOUS v.7.1.3 (Biomatters, http://www.geneious.com) was used to performer the
multiple alignments with sequences obtained from this study and sequences available in
GenBank. The jModelTest v.2.1.10 program (Darriba et al. 2012) determined the best
evolutionary models for maximum likelihood analysis. The best fitting models, based
on the Akaike Information Criterion (AIC), for phylogenetic reconstruction of
piroplasms and Hepatozoon spp. were TIM+1+G and HKY+G, respectively. Maximum
likelihood trees were inferred using PhyML v.3.0 (Guindon et al. 2010), with 1000

bootstrap replicates.

2.4. Ethical approved

All procedures used in this study were approved by the local ethics committee
on animal use of the Unesp-Botucatu (protocol n°: 561-CEUA) and in accordance with
the licenses obtained from the Brazilian Institute of Environment and Renewable

Natural Resources (IBAMA,; SISBIO authorization n°: 42263-2) (Silva et al., 2018).

3. Results
A total of 48 tick samples (individual ticks and pools) were screened for the

presence of piroplasm and Hepatozoon spp. DNA. The samples consisted of 5 A.
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dubitatum, 25 A. ovale, 17 A. sculptum and, 1 R. sanguineus sensu lato (Table 2). Of the
48 tick samples screened, only two samples (A. sculptum: one female and one pool of
nymphs) were collected on N. nasua from S&o Paulo municipality. Three samples (A.
ovale: one female; A. sculptum: one nymph; R. samguineus s.l: one female) were
collected on animals from Palmital municipality. In Botucatu municipality, 43 tick
samples were collected (A. dubitatum: four nymphs and one pool of nymphs; A. ovale:
nine females and 15 males; A. sculptum: six nymphs and eight pools of nymphs).

In the PCR with the primers BAB2 143-167 and BAB2 694-667 (Almeida et al.,
2012), two of the 48 samples were positive for piroplasms. Positive samples were one
pool and one nymph of A. sculptum collected on two N. nasua from Botucatu
municipality (Table 2). The two positive samples were successively tested with primers
BT18SF1/R1 and BT18SF2/R2 (Paparini et al. 2012), however, no fragment was
amplified. The samples were so amplified and sequenced using the primer pairs
BTF1/R1 and BTF2/R2 (Jefferies et al., 2007). The sequences obtained were identical
to each other, and BLAST search demonstrated 99% similarity to Babesia sp. from a
Brazilian capybara (EF222255) and 89% similarity to Theileria orientalis (MF576178),
Theileria sergenti (AF081137) and Theileria annulata (MF287950). The maximum
likelihood phylogenetic tree based on a 709-bp fragment of the 18S rRNA gene of 47
piroplasms sequences, and Plasmodim falciparum and Plasmodium ovale as outgroups
(Fig. 1), revealed that Piroplasmida sequences detected in A. sculptum in this study
grouped with Babesia sp. obtained from a capybara with 100 bootstrap. In addition, our
sequences and Babesia sp. capybara formed sister clades to the Babesia spp., with low
bootstrap (31), and positioned distant of Theileria clade (Fig. 1).

Two A. ovale adults comprises the positive samples for Hepatozoon spp. DNA

(Table 2). These positive ticks were collected on two distinct animals from urban and



227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

61

peri-urban region of Botucatu municipality. The two sequences obtained were identified
to be different to each other. BLAST analysis revealed that the sequence detected in an
A. ovale female show 100% identity to Hepatozoon procyonis from N. nasua of
Botucatu municipality (MF685388). While the sequence obtained from an A. ovale
male presented 99% similarity to Hepatozoon sp. (AY461377) from a Brazilian crab-
eating fox, and 97% of identity with H. americanum (AF176836). A phylogenetic tree
(Fig. 2) was inferred from a 637-bp alignment of the 18S rRNA gene from 32
Hepatozoon sequences and, including sequences of Babesia vogeli, Adelina grylli and,
Adelina dimidiata as outgroups. The phylogenetic analysis showed that H. procyonis
sequence, detected in an A. ovale, grouped in a clade with H. procyonis sequence
detected in N. nasua from Botucatu and, with Hepatozoon sp. sequence obtained from
N. nasua in Brazilian Pantanal. Hepatozoon sp. sequence that was closely related to H.
americanum grouped in the same clade that H. americanum sequence (AF176836)
detected in a dog from United States and H. americanum genotypes (AY461377;
KC127679; KX776387; KX776391) previously isolated from Cerdocyon thous in

Brazil, with bootstrap strongly supported (100), based on maximum likelihood analysis

(Fig. 2).

4. Discussion and Conclusion

Our study reports the molecular detection of Hepatozoon spp. and a
Piroplasmida haplotype in ticks collected from N. nasua in urban and peri-urban region
of Botucatu municipality. Previous studies had reported the occurrence of
Hemoprotozoa in ticks collected from wild mammals in other regions of the Brazil
(Blanco et al., 2017; Sousa et al., 2017b). In the Santa Catarina state, Hepatozoon sp.

DNA was detected in Amblyomma fuscum collected on a specimen of Akodon montensis
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(Blanco et al., 2017). In Brazilian Pantanal, A. parvum from C. thous, Thrichomys
fosteri and Clyomys laticeps, A. ovale from C. thous, and A. sculptum from C. thous
were PCR-positive for piroplasms and a high diversity of piroplasm species was
reported (Sousa et al., 2017b).

For piroplasm diagnostic and sequencing, three PCR protocols were used here.
Of the tested protocols, only the primers BTF1/R1 and BTF2/R2 (Jefferies et al., 2007)
generated sequences with high quality. However, this primers pair amplifies
approximately 850 bp (Jefferies et al., 2007), so we obtained short sequences. Paparini
et al. (2015) observed similar results when performed molecular characterization of
Theileria ornithorhynchi. Therefore, in the future, primers that amplify a larger
fragment of 18S rRNA gene and presenting a highest sensivity should be designed.

Piroplasmida species detected from A. sculptum,in our study is a probable
haplotype of Babesia sp. detected from a capybara in Brazil (Criado-Fornelio et al.,
2009). Criado-Fornelio et al. (2009) provisionally identified this protozoan as Babesia
sp. capybara 1, since in the phylogenetic analysis Babesia sp. grouped as a sister lineage
of the babesids, but the bootstrap support was low (45). Posteriorly, in a phylogenetic
analysis, Theileria youngi from a Neotoma fuscipes was grouped closed to the Babesia
sp. isolated from the capybara, but also without statistical support (Lack et al., 2012).
Similarly to previous studies, phylogenetic analysis for piroplasm performed here was
not strongly supported. New studies involving morphological and molecular methods
with more appropriated primers are necessary for the correct identification of this
piroplasm. Considering that, Babesia sp. capybara 1 has been reported only in
Hydrochoerus hydrochaeris and A. sculptum can infest these animals (Martins et al.,
2017), we hypothesis that nymphs might become infected by feeding previously in the

larval stage on Piroplasmida positive capybaras.
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In the present study, Hepatozoon procyonis DNA was detected in A. ovale for
the first time. Silva et al. (2018) did not detect Hepatozoon oocysts in ticks. However,
A. ovale was the most prevalent tick infesting N. nasua infected by H. procyonis,
suggesting this tick species as probable vector of H. procyonis. The presence of
Hepatozoon DNA in A. ovale reinforce this hypothesis. Nevertheless, the detection of
Hepatozoon DNA in ticks does not confirm the vector capacity. For ticks obtained from
animals, it is unclear whether the ticks are vector or just got the pathogens from the
infected host during feeding (Anderson et al., 2017). In addition, A. ovale has been
considered a competent vector for other Hepatozoon species such as H. canis (Forlano
et al., 2005; Rubini et al., 2009; Demoner et al., 2013). Therefore, the capacity of A.
ovale to act as a H. procyomis vector should be better investigated.

To the best of our knowledge, this is the first report on detection of Hepatozoon
sp. DNA closely related to H. americanum in A. ovale. Hepatozoon americanum is the
causative agent of canine hepatozoonosis in the south-central and southeastern United
States (Ewing and Panciera, 2003). American canine hepatozoonosis is a tick-borne
disease highly debilitating and often fatal (Baneth et al., 2003; Ewing and Panciera,
2003). In Brazil, canine hepatozoonosis is caused by H. canis (Rubini et al., 2005;
Demoner et al., 2016). However, H. americanum haplotypes have been detected in dogs
from Northern region of Brazil (Gomes et al., 2016) and wild carnivores from South,
Southern and Midwestern regions (Criado-Fornelio et al., 2006; André et al., 2010;
Almeida et al., 2013; André et al., 2015; Sousa et al., 2017a). Crab-eating foxes from
several Brazilian states have been identified as hosts for H. americanum-related
haplotypes (Criado-Fornelio et al., 2006; Andre et al., 2010; Almeida et al., 2013; Sousa
et al., 2017a). Sousa et al. (2017a) suggested that these haplotypes appears to be

common in C. thous from Brazil. However, clinical cases of canine hepatozoonosis
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caused by H. americanum have not been reported in Brazil. Amblyomma ovale nymphs
preferentially infest small rodents and marsupials (Martins et al., 2016; Blanco et al.,
2017), but can also parasitize wild and domestic carnivores (Guglielmone et al., 2003).
Since A. ovale PCR-positive, closely related to H. americanum, was collected in a coati
negative for Hepatozoon sp., this tick might had fed on infected carnivore hosts, such as
C. thous, in a previous life stage.

In addition, A. maculatum is considered the vector of H. americanum (Baneth et
al., 2011). However, the occurrence of this tick species has never been reported in
Brazil. In a previous study, only A. sculptum nymphs were collected in C. thous positive
for H. americanum haplotype and these ticks were PCR-negative for Hepatozoon
(Almeida et al., 2013). As Amblyomma species presented in Brazil has parasitized crab-
eating foxes, the authors suggested that the native species of Amblyomma should be
considered as potential vectors of H. americanum haplotype, detected in C. thous
(Almeida et al., 2013). Amblyomma ovale, as mentioned before, is a competent vector of
H. canis and a likely vector of H. procyonis (Forlano et al. 2005; Rubini et al. 2009;
Demoner et al. 2013; Silva et al., 2018). We detected DNA of Hepatozoon sp. closely
related to H. americanum in A. ovale and thus, the role of this tick species as vector of
H. americanum haplotypes detected in Brazil should be evaluated in the future.

In conclusion, this study indicate that Hepatozoon spp. and Piroplasmida may be
circulating in ticks from N. nasua of urban and peri-urban regions of Botucatu
municipality. Moreover, DNA of H. americanum haplotype was detected in A. ovale for
the first time. Dogs shown to be highly suitable for the adult stage of A. ovale (Martins
et al., 2012), and therefore, there is a risk of H. americanum haplotype infection in

domestic animals.
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Table 1. PCR protocols used for detection of hemoprotozoa, in this study.
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Protozoa Target Primers/Sequence (5’ - 3°) Cycling conditions Size Reference
gene (bp)
Piroplasms 18S F-BAB2 143-167 / 1 cycle of 95 °C for 5 min, 58 °C for 1 min, and 72 °C for 2 500 Almeida et
rRNA CCGTGCTAATTGTAGGGCTAATACA min; 35 cycles of 94 °C for 30 sec, 58 °C for 20 sec, and 72 al., 2012
o . H H 0, H
R-BAB? 694-667 / C for 30 sec; Final extension of 72 °C for 7 min.
GCTTGAAACACTCTARTTTTCTCAAAG
Piroplasms 18S F-BT18SF1/ ACCTGGTTGATCCTGCCAGTAG 1° Round: 95 °C for 5 min; 40 cycles of 94 °C for 30 sec, 52 1466  Paparini et
rRNA R-BT18SR1 / GCAGGTTCACCTACGGAAACC fgr fso:nsl’g sec and 72 °C for 2 min; Final extension of 72 °C al., 2012
F-BT18SF2 / TTGTAGGGCTAATACAYGYTCG 2° Round: 95 °C for 5 min; 40 cycles of 94 °C for 30 sec, 50
°C for 30 sec and 72 °C for 1 min and 20 sec; Final extension
R-BT18SR2 / CACGGTCCGAATAATTCACC of 72 °C for 5 min.
Piroplasms 18S F-BTF1/ GGCTCATTACAACAGTTATAG 1° Round: 1 cycle of 94 °C for 3 min, 58 °C for 1 min, and 72 800 Jefferies et
rRNA °C for 2 min; 45 cycles of 94 °C for 30 sec, 58 °C for 20 sec, al., 2007
R-BTR1/CCCAAAGACTTTGATTTCTCTC and 72 °C for 30 sec; Final extension of 72 °C for 7 min.
F-BTF2 / CCGTGCTAATTGTAGGGCTAATAC 2° Round: 1 cycle of 94 °C for 3 min, 62 °C for 1 min, and 72
°C for 2 min; 45 cycles of 94 °C for 30 sec, 62 °C for 20 sec,
R-BTR2/GGACTACGACGGTATCTGATCG and 72 °C for 30 sec; Final extension of 72 °C for 7 min.
Hepatozoon  18S F-HepF300 / GTTTCTGACCTATCAGCTTTCGACG 94 °C for 3 min; 37 cycles of 94 °C for 45 sec, 56 °C for 1 600 Ujvari et
spp. RNA R-HepRI00 / CAAATCTAAGAATTTCACCTCTGAC min and 72 °C for 1 min; Final extension of 72 °C for 7 min. al., 2004
Hepatozoon  18S F-HAM1/ GCCAGTAGTCATATGCTTGTC 1° Round: 95 °C for 3 min; 40 cycles of 95 °C for 1 min, 56 1120  Criado-
spp. rRNA i °C for 1 min and 72 °C for 1 min and 30 sec; Final extension Fornelio et
R-HPF2 / GACTTCTCCTTCGTCTAA G of 72 °C for 7 min. al., 2006
F-4558 | GCTAATACATGAGCAAAATCTCAA 2° Round: 95 °C for 3 min; 40 cycles of 94 °C for 1 min, 55 Mathew et
°C for 2 min and 72 °C for 2 min; Final extension of 72 °C for al., 2000

R- 2733 / CGGAATTAACCAGACAAAT

10 min.

F — Forward; R — Reverse.
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Table 2. Tick species collected from Nasua nasua and tested for Hemoprotozoa.

Tick species N° of tested samples N° of positive ~ Hemoparasite
samples detected

A. dubitatum 5 (4 Nymph, 1 Pool) 0

A. ovale 25 (10 Female, 15 Male) 1 (Female) H. procyonis and

1 (Male) Hepatozoon sp.

A. sculptum 17 (1 Female, 7 Nymph, 2 (1 Pooland 1 Piroplasmida
9 Pools) nymph)
R. sanguineuss.| 1 (1 female) 0

N° - number; A. dubitatum — Amblyomma dubitatum; A. ovale — Amblyomma ovale; A. sculptum —
Amblyomma sculptum; R. sanguineus - Rhipicephalus sanguineus sensu lato; H. procyonis — Hepatozoon

procyonis; H. americanum — Hepatozoon americanum.



75

_LrBabesia ovis (AY 150058)
5% Babesia bovis (L19077)
Babesia bigemina (JQ723014)
o8y Babesia caballi (EU642512)
_I_—IBabesia sp. (KY450730)
Te Babesia caballi (EUS88901)
wlBabesia rossi (JQ613105)
Babesia rossi (KY463434)
rL 100 Babesia gibsoni (FI1769388)
Babesia gibsoni (KF171473)
Babesia sp. (AB251608)
1001Babesia canis (AY072920)
Babesia canis (KT008057)
Babesia sp. (KX218439)
Babesia vogeli (AY072925)
991 Babesia vogeli (AY371196)
71\@Piroplasmida; Amblyomma sculptum

\L'.Piroplasmida; Amblyomma sculptum
'Babesia sp. (EF222255)

r 721 Babesia sp. (KX218437)
731 Babesia sp. (AF244914)
Babesia felis (AF244912)
S pabesia sp. (1G861966)
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Babesia sp. (AF188001)

67] | Babesia annae (1X454779)

o5]|Babeisa annae (KT580765)
Babeisa microti (AB197940)

75 Theileria annulata (MF287950)
98 Theileria orientalis (MF576178)
Theileria sergenti (AF081137)
100 f Theileria sp. (JN086224)
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Theileria velifera (AF097993)
Theileria parva (L02366)
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Taxoplasma gondii (L37415)
Neospora sp. (U17345)

0.4

Fig. 1. Maximum likelihood tree inferred, on the partial sequences (709 bp) of the 18Sr
RNA gene, among Piroplasmida sequences isolated in this study and sequences

deposited in GenBank. Scale indicates an evolutionary distance of 0.04 nucleotides per



76

position. Toxoplasma gondii and Neospora sp. were used as outgoups. (e ) sequences

isolated in this study.
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Fig. 2. Maximum likelihood tree inferred on the partial sequences (637 bp) of the 18Sr
RNA gene of Hepatozoon spp. from Amblyomma ovale obtained in this study and
sequences deposited in GenBank. Scale indicates an evolutionary distance of 0.02
nucleotides per position. Babesia vogeli, Adelina dimidiata and Adelina grylli were used

as outgoups. (@) sequences isolated in this study.
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ARTICLE INFO ABSTRACT

Keywords: Hepatozoon species are vector-borne pathogens that infect domestic and wild animals. Marsupials of the species
Haemogregarine Didelphis albiventris are adapted to urban and peri-urban areas and act as reservoir hosts for several parasites. The
RESEW‘)i_r host present study evaluated the occurrence of infection by Hepatozoon species in synantropic D. albiventris from
Sequencing Botucatu, Sao Paulo, Brazil. Blood samples and ectoparasites from 19 D. albiventris were collected from urban

Synantropic animal

n ri-urban areas. Hi 3 ion rformed by micr nd molecular analysis. On
Tick-borne disease and peri-urban areas. Hepatozoon spp. detection was performed by microscopy and molecular analysis. One

opossum was positive for Hepatozoon spp. in microscopy analysis and PCR, while another animal was positive
only in PCR. The obtained sequences were 100% identical to Hepatozoon canis. Six species of ticks and two
species of fleas were detected on D. albiventris. This is the first report of H. canis in synantropic D. albiventris. In
Brazil, H. canis transmission among dog populations is not well established, which highlights the importance of
investigating the role that opossums might play in the epidemiology of this protozoan.
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ABSTRACT

Babesia spp., Theileria spp. and Hepatozoon spp. are tick-borne hemoparasites that
infect domestic and wild animals. The aims of this study were to evaluate the presence
of Hepatozoon and piroplasms in Didelphis spp. and to characterize the parasites found.
Sixty-nine D. albiventris and 11 D. aurita were examined for piroplasm presence. For
Hepatozoon detection, 50 blood samples from D. albiventris and 11 blood samples from
D. aurita were used. Twenty-five tissue samples also were for presence of Hepatozoon
spp. Hemoparasite detection was performed by molecular and morphological methods.
All samples from D. albiventris were negative for Hepatozoon sp. One sample from D.
aurita was positive in PCR for Hepatozoon DNA and the obtained sequence was closely
related to Hepatozoon sp. from a Chilean marsupial. Morphologically, a small and a
large piroplasm were observed in D. albiventris. In the molecular analysis four
piroplasm haplotypes were detected. Piroplasm sequences obtained here were identical
to Babesia sp. detected in D. marsupialis from Brazil and closely related to Babesia sp.
from Monodelphis domestica. In conclusion, D. albiventris is likely an accidental host
for H. canis. Hepatozoon sp from D. aurita and piroplasms from D. albiventris should

be better characterize.

Keywords: Didelphis albiventris, Didelphis aurita, Hepatozoon sp., piroplasms, tick-

borne protozoa.
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1. Introduction

Tick-borne hemoparasites, which include apicomplexan microorganisms of the
genera Babesia spp. Theileria spp. and Hepatozoon spp., are protozoa that can cause
disease in livestock, domestic animals and humans (Baneth et al., 2003; Yabsley and
Shock 2013; Alvarado-Rybak et al., 2016). Piroplasms are intraerythrocytic parasites
transmitted by the bite of Ixodid ticks. These protozoa are frequently found infecting
wild animals worldwide (Alvarado-Rybak et al., 2016). Hepatozoon spp. infect
leucocytes of mammals and are transmitted to these animals commonly through the
ingestion of ticks containing mature oocysts (Smith, 1996). Wild animals are considered
reservoir for Hepatozoon species that affects dogs (Cardoso et al., 2014, Duscher et al.,
2013, Duscher et al., 2015).

The genus Didelphis is composed of five species: Didelphis albiventris,
Didelphis aurita, Didelphis marsupialis, Didelphis virginiana and Didelphis imperfecta
(Cerqueira, 1985). These animals have a generalist diet, present synantropic habits and,
live close to domestic animals and humans (Muller et al., 2005; Godim et al., 2017). In
addition, Didelphis spp. play a role as reservoirs for Trypanosoma cruzi and Leishmania
infantum (Yeo et al., 2005; Carreira et al., 2012; Humberg et al., 2012).

Hepatozoon spp. have been reported infecting D. marsupials and D. albiventris
in Colombia and in French Guyana (Ayala et al., 1973; Thoisy et al., 2000). In Brazil,
Hepatozoon infection was not detected in D. albiventris from South and Midwest
regions (Criado-Fornelio et al., 2006; Wolf et al., 2016). In the Southeast region, Silva
et al. (2017) related two D. albiventris infected by Hepatozoon canis. These authors
emphasized the importance of investigating the role that D. albiventris might play in the

epidemiology of H. canis.
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Piroplasms are hemoparasites frequently detected in Australian marsupials and
several species are described in these animals (Lee et al., 2009; Paparini et al., 2012;
Dawood et al., 2013; Donahoe et al., 2015; Barbosa et al., 2017). In Brazilian
marsupial of the gender Didelphis infection by piroplasm was firstly detected in D.
masupialis from Northern region (Deane and Denae, 1961). This hemoparasite was
identified as Nuttallia brasiliensis, a small piroplam synonym of Babesia brasiliensis
(Deane and Deane, 1961; Sampaio and Massard, 2003). Posteriorly, Serra-Freire (1979)
described a large piroplasm infecting D. albiventris and D. marsupialis, named Babesia
ernestoi. This large piroplasm was also considered synonym of B. brasiliensis (Sampaio
et al., 2001). In recent reports, via molecular methods, Babesia spp. were diagnosed in
the marsupials Monodelphis domestica and D. marsupialis (Wolf et al., 2016; Soares et
al., 2017). However, piroplasms especies that infect Didelphis spp. from Brazil remain
unclear.

Information about hemoparasites from marsupials, in Brazil, are limited. Then,
the aims of this study were to assess the occurrence of Hepatozoon spp. and piroplams

in D. albiventris and D. aurita and to characterize the protozoa found.

2. Materials and Methods

Between September 2013 and September 2017, 69 D. albiventris and 11 D.
aurita were sampled in Botucau (22° 53" 25" S, 48° 27’ 19" W) and Sao Paulo (23° 29’
29.0" S, 46° 31’ 15.3” W) municipalities, respectively. All D. albiventris were captured
in the urban and peri-urban regions of Botucatu, and were sent to the Centro de
Medicina e Pesquisa em Animais Selvagens (CEMPAS). In Séo Paulo, D. aurita were
sampled in the “Centro de Triagem de Animais Silvestres (CETAS) of the Parque

Ecologico do Tieté”, from the urban area of municipality. All D. albiventris and D.
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aurita were examined for the presence of piroplasms. The diagnostic of Hepatozoon
spp. and ectoparasites was only performed in 50 D. albiventris and 11 D. aurita, since
19 D. albiventris were previously screened by Silva et al. (2017).

A combination of ketamine and midazolam was used to anesthetize the
Didelphis spp. and, posteriorly, blood samples were collected from the tail vein and
stored in EDTA tubes at -20 °C until DNA extraction. Thin blood smear were prepared,
fixed with methanol and stained with 10 % Giemsa for microscopic analysis.

Each Didelphis spp. was inspected for ectoparasites. Fleas and ticks were
removed and stored in 70% ethanol. Morphological identification of arthropods was
performed using taxonomic keys (Barros-Battesti et al., 2006; Martins et al., 2010;

Linardi and Santos, 2012).

Histopathological analysis

Twenty-five D. albiventris that arrived at CEMPAS severely injured were
euthanized, and tissue samples (spleen and liver) were collected for histopathological
and molecular analyses. For histopathology, tissues were formalin-fixed, paraffin
embedded, sliced at a thickness of 5 um, and stained with haematoxylin and eosin

(H&E).

Morphometric analysis
The parasites detected in the thin blood smears were measured via a
computerized image analysis system, using the software QWin Lite 2.5 (Leica). When

possible, twenty piroplasms, per animal, had their diameter measured.
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DNA extraction, amplification, cloning and sequencing

Genomic DNA was isolated from 200 uL of D. aurita and D. albiventris blood
or 20-50 mg of tissues (liver and spleen) from D. albiventris, using the Illustra™ blood
genomicPrep Mini Spin Kit and the Illustra™ tissue and cells genomic Prep Mini Spin
Kit (GE Healthcare, Buckinghamshire, UK), respectively, following the manufacturer's
instructions. DNA concentrations (ng/uL) and quality (A260nm/A280nm) were
measured using spectrophotometry (NanoDrop® ND-2000 Spectrophotometer, Thermo
Scientific, Wilmington, DE, USA).

For molecular detection of piroplasms, PCR conventional was performed using
the primer pair BAB2 143-167 and BAB2 694-667, targeting a =~ 500-bp fragment of the
18S rRNA gene of piroplasms (Almeida et al. 2012). All positive samples were
amplified and sequenced using the primers BT18SF1/BT18SR1 and
BT18SF2/BT18SR2 that amplified =~ 1466 bp (Paparini et al., 2012). We also used the
primers BTF1/BTR1 and BTF2/BTR2 (Jefferies et al., 2007).

The primers Hep300 and Hep900 were used for molecular diagnostic of
Hepatozoon spp. (Ujvari et al., 2004). The PCR conditions of all reactions were
described previously (Silva et al., 2018). A negative (distilled sterile water) and a
positive control (Hepatozoon canis or Babesia vogeli DNA isolated from naturally
infected dogs were used in each reaction).

The amplicons were purified using Illustra ExoProStar Step (GE Healthcare,
Buckinghamshire, UK) in agreement with the manufacturer’s instructions and were
sequenced using BigDye v.3.1 Terminator Cycle Sequencing Ready Reaction Kit
(Applied Biosystems, Foster City, CA, USA) and an automated Applied Biosystems

ABI 3500 DNA genetic analyzer.
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Cloning

One sample of D. albiventris that morphologically presented co-infection with a
small and a large piroplasm and that was previously sequenced with the primers
BT18SF2/R2 (Paparini et al., 2012), and the electropherogram presented double peak,
had also its PCR product, amplified with Hep300 and Hep900 (Ujavari et al., 2004),
purified and cloned. The PCR product was cloned using pGEM-T Easy Vector System
Il (Promega, USA). After transformation of competent cells, plasmid DNA was

extracted and sequenced with specific primer pair.

Plylogenetic analysis

The obtained sequences, in our study, were edited using the BioEdit software
v7.2.5 (Hall, 1999). The sequences were compared for similarity to the sequences
available in GenBank (http://www.ncbi.nlm.nih.gov/BLAST). Sequences in this study
were aligned with sequences available in GenBank by the MUSCLE algorithm, in the
software  GENEIOUS v.7.1.3 (Biomatters, http://www.geneious.com). The best
evolutionary model for maximum likelihood analysis was identified by the jModelTest
v.2.1.10 (Darriba et al., 2012). The best models chosen based on the Akaike Information
Criterion (AIC) were TVM + G and GTR + | + G for phylogenetic reconstruction of
Hepatozoon spp. and piroplasms, respectively. A phylogenetic tree was inferred by the
maximum likelihood methods using PhyML v.3.0 (Guindon et al., 2010), with 1000
bootstrap replicates. For displayed phylogenetic tree FigTree v.1.4.3 was used

(http://tree.bio.ed.ac.uk/software/figtree/).
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3. Results

The 50 D. albiventris and 11 D. aurita examined for presence of Hepatozoon
spp. were negative for this parasite, in the thin blood smear. The liver and spleen of 25
D. albiventris were also negative in the histopathological and molecular analyses. In the
PCR, for detection of Hepatozoon spp. DNA from blood samples, all D. albiventris
were negative and one D. aurita was positive (Table 1). Hepatozoon sp. sequence
obtained from D. aurita showed 98% similarity for Hepatozoon sp. (FJ719813), isolated
from a marsupial in the Chile, and for Hepatozoon felis (AB771570). The phylogenetic
tree inferred by Hepatozoon 18S rRNA gene partial sequences (659 bp) showed that
Hepatozoon sp. sequence obtained in our study grouped in a clade with two sequences
(FJ719813, FJ719814) isolated from Dromiciops gliroides, a Chilean marsupial (Fig. 1).
The nucleotide difference among Hepatozoon sp. obtained in this study, and
Hepatozoon sp. (FJ719813) and Hepatozoon sp. (FJ719814) from marsupial was of
2.03% and 2.45%, respectively.

All D. aurita were negative for piroplasms in the thin blood smear and PCR.
Piroplasms were detected in the blood smear of 12 (17.39%) D. albiventris.
Morphologically, large and a small of piroplasms were observed. Eight animals were
only infected by large piroplams and one D. albiventris presented only small
piroplasms. In three animals, co-infections with small and large piroplasms were
observed. Large piroplasms showed spherical and elongated forms (Fig. 2), which had
the diameter with mean of 3.39 + 0.3 um (n = 76) and 4.1 £ 0.6 um (n = 16),
respectively. Maltese cross formation and spherical forms (Fig. 3) were observed in thin
blood smears from animals infected with small piroplasms. Spherical forms measured in

mean 1.45 £ 0.47 yum (n = 13).
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Piroplasm DNA was detected in 20 (28.98%) D. albiventris samples of the 69
examined (Table 1). Seventeen sequences with high quality were obtained. Three
samples presented chromatograms with low quality. In two of the three chromatograms
double peaks were observed. One sample was positive only for small piroplasm, and the
other two were co-infected for larger and small piroplasms, in morphological analyses,
were the samples that showed double peaks in the chromatograms. The seventeen
sequences were identical and BLAST search revealed 95% similarity for Theileria
bicornis (AF499604) and Theileria sp. (JQ682879) detected in marsupials from
Australia and for Babesia ardeae (KY436057) and Babesia sp. (KC754965) from Sula
leucogaster in Brazil. The maximum likelihood tree (Fig. 4), inferred from a short (408
bp) fragment of the 18S rRNA gene demonstrated that piroplasm sequence isolated
from D. albiventris in this study grouped in the same clade with Babesia sp.
(KY684002) from D. marsupialis of the northern region of Brazil and with Babesia sp.
(KP757839) detected in the marsupial Monodelphis domestica captured in Brazilian
Pantanal.

One sample that morphologically showed large and small piroplasm was cloned
and three distinct sequences were obtained. The three cloned sequences were also
different from the sequences obtained by convenctional PCR and sequencing. In the p
distance analysis, the four haplotypes detected presented a low percentage of nucleotide
divergence among them (Table 2). In addition, one haplotype was 100% similar to
Babesia sp. (KY684002) detected from D. marsupials in the Amazonia (Soares et al.,
2017).

Ticks Ixodes loricatus, Amblyomma sculptum, Amblyomma dubitatum,
Amblyomma ovale, Ornithodoros mimon and Amblyomma sp. larvae, and fleas

Ctenocephalides felis and Polygenis sp. were found infesting the 19 animals previously



224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

90

assessed for presence of ectoparasites (Silva et al., 2017). In this study, ticks were
found infesting six D. albiventris and one D. aurita (Table 1). Ticks were identified as
A. dubitatum, A. ovale, Amblyomma sp. and I. loricatus. Fleas Ctenocephalides canis,
C. felis and Polygenis spp. were identified parasitizing two D. aurita and seven D.

albiventris (Table 1).

4. Discussion and Conclusion

In this study, we assessed the occurrence of Hepatozoon spp. and piroplasms in
D. albiventris and D. aurita and reported the first molecular detection of Hepatozoon
sp. in D. aurita. Hepatozoon didelphydis have been reported infecting D. marsupialis in
Colombia and French Guyana (Ayala et al., 1973; Thoisy et al., 2000). However, these
reports were only based in morphological analysis. Dromiciops gliroides, a marsupial
present in Chile, was infected with Hepatozoon sp. by microscopic and molecular
methods (Merino et al., 2009). Hepatozoon sp. sequence detected in our study grouped
with Hepatozoon sequences from D. gliroides in the phylogenetic analysis and
presented low nucleotide divergence among them indicating that Hepatozoon sp. from
D. aurita is a haplotype of Hepatozoon sp. (FJ719813 and FJ719814) from D. gliroides.

Recently, Silva et al. (2017) identified two D. albiventris from peri-urban and
urban areas of Botucatu municipality infected with H. canis. In our study, all D.
albiventris, sampled in this same region, were negative for Hepatozoon spp. In the
South and Midwest regions of Brazil, this marsupial species was also not infected by
Hepatozoon spp. (Criado-Fornelio et al., 2006; Wolf et al., 2016). These results indicate
that probably D. albiventris is an accidental host for H. canis and does not appear to be

involved in the epidemiology of this hemoparasite.
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Piroplasms are usually classified in to two groups based in their diameter: small
piroplasms (>1-2.5 pum) and large piroplasms (>2.5-5 um) (Schnittger, 2012). Based in
this classification, we detected larger and small piroplasmids, infecting erythrocytes of
D. albiventris. A small piroplasm previously detected from D. marsupialis, in Brazil,
was identified as Babesia brasiliensis, based on morphological analysis (Deane and
Deane, 1961, Sampaio and Massard, 2003). Didelphis albiventris and D. marsupials
were also infected by a large piroplasm named B. ernestoi, also based only on
morphological methods (Serra-Freire, 1979). Although, B. ernestoi was
morphologically large and has not demonstrated Maltese cross formation, characteristic
of small piroplasms, this species was considered synonym of B. brasiliensis (small
piroplasm) (Sampaio et al., 2001). Based on PCR, cloning and sequencing we identified
four different piroplasm sequences, which presented low nucleotide divergence,
indicating that are haplotypes of a same species. 18S rRNA gene is highly conserved
(Paulino et al., 2018), and we sequenced a small fragment (600 pb) of cloned product,
what may have hampered the identification of different species. In addition, some
species of piroplasms are pleomorphic and may differ in form and size when infect
different mammals hosts (Homer et al., 2000). Further studies are necessary to elucidate
whether small and large piroplasms observed in D. albiventris represent a same
pleomorphic species or whether are two distinct species.

Piroplasmids molecularly identified in this study grouped with sequences of
Babesia spp. obtained from D. marsupialis in Amazonia and from M. domestica in
Brazilian Pantanal (Wolf et al., 2016; Soares et al., 2017). Our sequence was identical to
Babesia sp. from D. marsupials suggesting that these two sequences represents a same
haplotype of a species. Furthermore, Babesia sp. isolated from M. domestica, probably,

is a distinct haplotype of the same piroplasm species identified in D. marsupialis
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(Soares et al., 2017) and in D. albiventris, in our study. However, new study using other
genes are necessary to confim this hypothesis.

Wolf et al. (2016) observed that all M. domestica and Thrichomys pachyurus
positive for Babesia spp., in Pantanal of Brazil, were also infested by Ornithodoros
guaporensis. These authors suggested O. guaporensis could participate in the
transmission of Babesia spp. for animals in this region. Ornithodoros mimon was
detected previously on two D. albiventris (Silva et al., 2017), that were positive for
piroplasm in this report. Onithodoros moubata is considered vector of Babesia gibsoni
(Battsetseg et al., 2007). The potential of O. mimon as vector of piroplasm from D.
albiventris should be investigated.

Other tick species that can be the vector of piroplasm from D. albiventris is I.
loricatus, since this tick was the species most prevalent observed here. Moreover,
several species of Ixodes as Ixodes scapularis, Ixodes ricinus, Ixodes persulcatus and
Ixodes dentatus act as vectors of Babesia spp. (Yabsley and Shock, 2013).

In conclusion, D. albiventris is likely an accidental host for H. canis and seem
not have epidemiological importance in the cycle this parasite. Hepatozoon sp. infect D.
aurita and this protozoa should be better characterized in the future. Morphologically
we observed large and small piroplasms infecting D. albiventris and by molecular
analysis, four piroplasm haplotypes were detected. New studies are necessary to

characterize and correctly identify the piroplasms present in these marsupials.

Acknowledgements
We are grateful to Coordenacdo de Aperfeicoamento de Pessoal de Nivel
Superior (CAPES) for the doctorate scholarship granted to Silva, M.R.L. We also tank

the CEMPAS veterinarians for their technical support.



298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

93

References

Alvarado-Rybak, M., Solano-Gallego, L., Millan, J., 2016. A review of piroplasmid
infections in wild carnivores worldwide: importance for domestic animal health and
wildlife conservation. Parasit. Vectors 9, 538.

Ayala, S.C., D’Alessandro, A., Mackenzie, R., Angel, D., 1973. Hemoparasite
infections in 830 wild animals from the eastern Llanos of Colombia. J. Parasitol.
59, 52-59.

Baneth, G., Mathew, J.S., Shkap, V., Mancitire, D.K., Barta, J.R., Ewing, S.A., 2003.
Canine hepatozoonosis: two disease syndromes caused by separate Hepatozoon
spp. Trends Parasitol. 19, 27-31.

Barbosa, A., Reiss, A., Jackson, B., Warren, K., Paparini, A., Gillespie, G., Stokeld, D.,
Irwin, P., Ryan, U., 2017. Prevalence, genetic diversity and potential clinical
impact of blood-borne and enteric protozoan parasites in native mammals from
northern Australia. Vet Parasitol. 238, 94-105.

Barros-Battesti, D.M., Arzua, M., Bechara, G.H., 2006. Carrapatos de importancia
médico veterinaria da regido Neotropical -Um guia ilustrado para identificacdo de
espécies Sdo Paulo. Vox/International Consortium on Ticks and Tick-borne
Diseases/Butantan (223 p.).

Battsetseg, B., Matsuo, T., Xuan, X., Boldbaatar, D., Chee, S.H., Umemiya,
R.,Sakaguchi, T., Hatta, T., Zhou, J., Verdida, A.R., Taylor, D., Fujisaki, K., 2007.
Babesia parasites develop and are transmitted by the non-vector soft tick
Ornithodoros moubata (Acari: Argasidae). Parasitology 134, 1-8.

Cardoso, L., Cortes, H.C.E., Eyal, O., Reis, A., Lopes, A.P., Vila-Vicosa, M.J.,

Rodrigues, P.A., Baneth, G., 2014. Molecular and histopathological detection of



322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

94

Hepatozoon canis in red foxes (Vulpes vulpes) from Portugal. Parasit Vectors. 7,
113.

Carreira, J.C.A., da Silva, A.V.M., Pereira, D.P., Brazil, R.P., 2012.Natural infection of
Didelphis aurita (Mammalia: Marsupialia) with Leishmania infantum in Brazil.
Parasit Vectors. 5, 111.

Cerqueira, R., 1985. The distribution of Didelphis in South America (Polyprotodontia,
Didelphidae). J. Biogeogr. 12, 135-145.

Criado-Fornelio, A., Ruas, J.L., Casado, N., Farias, N.A., Soares, M.P., Miiller, G.,
Brumt, J.G., Berne, M.E., Buling-Sarafia, A., Barba-Carretero, J.C., 2006. New
molecular data on mammalian Hepatozoon species (Apicomplexa: adeleorina) from
Brazil and Spain. J. Parasitol. 92 (1), 93-99.

Darriba, D., Taboada, G.L., Doallo, R., Posada, D., 2012. jModelTest 2: more models,
new heuristics and parallel computing. Nat. Methods 9, 772.

Dawood, K.E., Morgan, J.A.T., Busfield, F., Srivastava, M., Fletcher, T.l., Sambono, J.,
Jackson, L.A., Venus, B., Philbey, AW., Lew-Tabor, A.E., 2013. Observation of a
novel Babesia spp. in eastern grey kangaroos (Macropus giganteus) in Australia.
Int. J. Parasitol. Parasites Wildl. 2, 54-61.

Deane, L.M. and Deane, M.P., 1961. Sobre dois hemocitozoarios encontrados em
mamiferos silvestres da Regido Amazobnica. Rev. Inst. Med. Trop. S&o Paulo 3,
107-110.

Donahoe, S.L., Peacock, C.S., Choo, A.Y.L., Cook, R.W., O’Donoghue, P., Crameri,
S., Vogelnest, L., Gordon, A.N., Scott, J.L., Rose, K., 2015. A retrospective study
of Babesia macropus associated with morbidity and mortality in eastern grey
kangaroos (Macropus giganteus) and agile wallabies (Macropus agilis). Int. J.

Parasitol. Parasites Wildl. 4, 268-276.



347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

95

Duscher, G.G., Kubber-Heiss, A., Richter, B., Suchentrunk, F., 2013. A golden jackal
(Canis aureus) from Austria bearing Hepatozoon canis — import due to
immigration into a non-endemic area? Ticks Tick Borne Dis. 4, 133-137.

Duscher, G.G, Leschnik, M., Fuehrer, H.P., Joachim, A., 2015. Wildlife reservoirs for
vector-borne canine, feline and zoonotic infections in Austria. Int J Parasitol:
Parasite Wildlife 4, 88-96.

Gondim, L.S.Q., Jesua, R.F., Ribeiro-Andrade, M., Silva, J.C.R., Siqueira, D.B.,
Marvulo, M.F.V, Aléssio, F.M., Mauffrey, J.F., Julido, F.S., Savani, E.S.M.M.,
Soares, R.M., Gondim, L.F.P., 2017. Sarcocystis neurona and Neospora caninum
in Brazilian opossums (Didelphis spp.): Molecular investigation and in vitro
isolation of Sarcocystis spp. Vet. Parasitol. 243, 192-198.

Guindon, S., Dufayard, J.F., Lefort, V., Anisimova, M., Hordijk, W., Gascuel, O., 2010.
New algorithms and methods to estimate maximum-likelihood phylogenies:
assessing the performance of PhyML 3.0. Syst. Biol. 59, 307-321.

Hall, T.A., 1999. BioEdit: a user-friendly biological sequence alignment editor and
analysis program for windows 95/98/NT. Nucleic Acids Symp. Ser. 41, 95-98.
Homer, M.J., Aguilar-Delfin, I., Telford Ill, S.R., Krause, P.J., Persing, D.H., 2000.

Babesiosis. Clin. Microbiol. Rev. 13, 451-459.

Humberg, R.M., Oshiro, E.T., Cruz, M.S., Ribolla, P.E., Alonso, D.P., Ferreira, A.M.,
Bonamigo, R. A., Tasso, N.Jr., Oliveira, A.G. 2012. Leishmania chagasi in
opossums (Didelphis albiventris) in an urban area endemic for visceral
leishmaniasis, Campo Grande, Mato Grosso do Sul, Brazil. Am. J. Trop. Med. Hyg.

87, 470-472.



370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

96

Jefferies, R., Ryan, U.M., Irwin, P.J., 2007. PCR-RFLP for the detection and
differentiation of the canine piroplasm species and its use with filter paper-based
technologies. Vet. Parasitol. 144, 20-27.

Lee, J.Y., Ryan, U.M., Jefferies, R., Mclnnes, L.M., Forshaw, D., Friend, J.A., lrwin,
P.J., 2009. Theileria gilberti n. sp. (Apicomplexa: theileriidae) in the gilbert’s
potoroo (Potorous gilbertii). J. Eukaryot. Microbiol. 56, 290-295

Linardi, P.M., Santos, J.L.C., 2012. Ctenocephalides felis felis vs. Ctenocephalides
canis (Siphonaptera: Pulicidae): some issues in correctly identify these species.
Braz. J. Vet. Parasitol. 21, 345-354.

Martins, T.F., Onofrio, V.C., Barros-Battesti, D.M., Labruna, M.B., 2010. Nymphs of
the genus Amblyomma (Acari: Ixodidae) of Brazil: descriptions, redescriptions, and
identification key. Ticks Tick Borne Dis. 1, 75-99.

Merino, S., Véasquez, R.A., Martinez, J., Celis-Diez, J.L., Gutiérrez-Jiménez, L., Ippi,
S., Sanchez-Monsalvez, 1., de la Puente, J.M., 2009. Molecular characterization of
na ancient Hepatozoon species parasitizing the ‘living fossil” marsupial ‘Monito del
Monte’ Dromiciops gliroides from Chile. Biol. J. Linn. Soc. 98, 568-576.

Muller, G., Brum, J.G.W., Langone, P.Q., Michels, G.H., Sinkoe, A.L., Ruas, J.L.,
Berne, M.E.A., 2005. Didelphis albiventris Lund, 1841, parasitado por Ixodes
loricatus Neuman, 1899, e Amblyomma aureolatum (Pallas, 1772) (Acari:
Ixodidae) no Rio Grande do Sul. Arg. Inst. Biol. 72, 319-324.

Paparini, A., Ryan, U.M., Warren, K., Mclnnes, L.M., de Tores, P., Irwin, P.J., 2012.
Identification of novel Babesia and Theileria genotypes in the endangered
marsupials, the woylie (Bettongia penicillata ogilbyi) and boodie (Bettongia

lesueur). Exp. Parasitol. 131, 25-30.



394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

97

Paulino, P.G., Pires, M.S., Silva, C.B., Peckle, M., Costa, R.L., Vitari, G.L.V., Abreu,
A.P.M., Almosny, N.R.P., Massard, C.L., 2018. Comparison of heat shock protein
70 kDa and 18S rDNA genes for molecular detection and phylogenetic analysis of
Babesia vogeli from whole blood of naturally infected dogs. Ticks Tick Borne Dis.
https://doi.org/10.1016/j.ttbdis.2018.01.013.

Sampaio, M.X., Massard, C.L., Mujica Linarez, F.F., 2001. Babesia ernestoi sinonimia
de Babesia brasiliensis hemoparasito de Marsupiales Didelphidae. Parasitol. Dia
25, 138-40.

Sampaio, M.X. and Massard, C.L., 2003. Nuttallia brasiliensis e Theileria brasiliensis,
sinonimias de Babesia brasiliensis (Piroplasmida: Babesiidae) hemoparasito de
marsupiais Didelphidae Parasitol. Latinoam. 58, 89 — 91.

Schnittger, L., Rodriguez, A.E., Florin-Christensen, M., Morrison, D.A., 2012. Babesia:
a world emerging. Infect. Genet. Evol. 12, 1788-1809

Serra-Freire, N.M., 1979. Babesia ernestoi sp. n., in Didelphis marsupialis L., 1758,
and D. albiventris Lund, 1841, in Brazil. Zbl. Vet. Med. C 26, 614-622.

Smith, T.G., 1996. The genus Hepatozoon (Apicomplexa: Adeleina). J. Parasitol. 82,
565-585.

Silva, M.R.L., Fornazari, F., Demoner, L.C. Teixeira, C.R., Langoni, H., O'Dwyer,
L.H., 2017. Didelphis albiventris naturally infected with Hepatozoon canis in
southeastern Brazil. Ticks Tick Borne Dis. 8. 878-881.

Silva, M.R.L, Fornazari, F., Martins, T.F., Hippolito, A.G., Rolim, L.S., Bisca, J.M.,
Teixeira, C.R., O’Dwyer, L.H., 2018. A survey of haemoparasites e ectoparasites in
Nasua nasua Linnaeus, 1766 with a redescription of Hepatozoon procyonis

Richards, 1961 based on morphological and molecular data. Parasitology Research.


https://www.ncbi.nlm.nih.gov/pubmed/?term=da%20Silva%20MRL%5BAuthor%5D&cauthor=true&cauthor_uid=28728938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fornazari%20F%5BAuthor%5D&cauthor=true&cauthor_uid=28728938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Demoner%20LC%5BAuthor%5D&cauthor=true&cauthor_uid=28728938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Teixeira%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=28728938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Langoni%20H%5BAuthor%5D&cauthor=true&cauthor_uid=28728938
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Dwyer%20LH%5BAuthor%5D&cauthor=true&cauthor_uid=28728938
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Dwyer%20LH%5BAuthor%5D&cauthor=true&cauthor_uid=28728938

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

98

Soares, H.S., Marcili, A., Barbieri, A.R.M., Minervino, A.H.H., Moreira, T.R., Gennari,
S.M., Labruna, M.B., 2017. Novel piroplasmid and Hepatozoon organisms
infecting the wildlife of two regions of the Brazilian Amazon. Int. J. Parasitol.
Parasites Wildl. 6, 115-121.

Ujvari, B., Madsen, T., Olsson, M., 2004. High prevalence of Hepatozoon spp.
(Apicomplexa, Hepatozoidae) infection in water pythons (Liasis fuscus) from
tropical Australia. J. Parasitol. 90, 670-672.

Wolf, R.W., Aragona, M., Mufioz-Leal, S., Pinto, L.B., Melo, A.L.T., Braga, LA,
Costa, J.S., Martins, T.F., Marcili, A., Pacheco, R.C., Labruna, M.B., Aguiar, D.M.,
2016. Novel Babesia and Hepatozoon agents infecting non-volant small mammals
in the Brazilian Pantanal with the first record of the tick Ornithodoros guaporensis
in Brazil. Ticks Tick Borne Dis. 7, 449-456.

Yabsley, M., Shock, B., 2013. Natural history of Zoonotic Babesia: role of wildlife
reservoirs. Int. J. Parasitol. Parasites Wildl. 2, 18-31.

Yeo, M., Acosta, N., Llewellyn, M., Sanchez, H., Adamson, S., Miles, G.A., Lopez, E.,
Gonzalez, N., Patterson, J.S., Gaunt, M.W., de Arias, A.R., Miles, M.A., 2005.
Origins of Chagas disease: Didelphis species are natural hosts of Trypanosoma
cruzi | and armadillos hosts of Trypanosoma cruzi I, including hybrids. Int J

Parasitol. 35, 225-233



99

Table 1. Prevalence of piroplasms and Hepatozoon spp. infection and ectoparasites species collected from Didelphis albiventris and Didelphis

aurita in Botucatu and S&o Paulo municipalities.

Host Piroplasm Hepatozoon spp. Ectoparasites N° of tick specimens collected Ne° of flea specimens collected
N° Blood PCR N° Blood PCR N° Ne°ofanimals A, A. ovale Amblyomma I loricatus C. C. felis Polygenis
smear (Blood) smear (Blood) infested dubitatum sp. canis sp.
(%) (n/%) (%) (n/%) Ticks Fleas N N F L F M F F M F M

(/%) (/%)

D. 69 12 20 50 0 0 50 6(12) 7(14) 2 4 1 2 5 6 9 4 2 2

albiventris (17.4) (28.9)

D. aurita 11 0 0 1 0 1(9) 11 1(9) 2(18) 1 1 9 8

Total 80 12 19 61 0 1(16) 61 7 9 2 4 1 2 6 6 1 18 12 2 2
(15)  (23.7) (11.5) (14.7)

N° - number; D. albiventris — Didelphis albiventris; D. aurita — Didelphis aurita; A. dubitatum- Amblyomma dubitatum; A. ovale — Amblyomma
ovale; I. loricatus - Ixodes loricatus; C. canis - Ctenocephalides canis; C. felis - Ctenocephalides felis; N — Nymph; F- Female; L — Larvae; M —
Male.
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Table 2. Distance matrix among piroplasms sequences detected from one D. albiventris in this study and other marsupials species. Upper triangle

shows the percentage of nucleotide difference, while the lower triangle shows the number of nucleotide difference.

Sequences 1. 2 3 4 5 6
(KP757839) (KY684002) Haplotype 1 Haplotype 2 Haplotype 3 Haplotype 4
(PCR conventional) (Clone I) (Clone 111) (Clone 1V)
1. Babesia sp. 1.25% 1.25% 1.5% 1.5% 1.75%
2. Babesia sp. 5 0 0.25% 1.25% 0.5%
3. Piroplasm 5 0 0.25% 0.25% 0.5%
4. Piroplasm 6 1 1 0.25% 0.25%
5. Piroplasm 6 1 1 1 0.25%

6. Piroplasm 7 2 2 1 1
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k 99 .
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= Hepatozoon canis (AY461376)

Babesia vogeli (AY371196)

L(an’ zoon felis (GU903911)

0.03

Plasmodium falciparum (M19172)

Fig. 1. Maximum likelihood tree of Hepatozoon sp. from D. aurita, isolated in this

study with other Hepatozoon spp., based on 18S rRNA partial sequences (659 bp).

Scale indicates an evolutionary distance of 0.03 nucleotides per position. Babesia

vogeli, Cytauxzoon felis and Plasmodium falciparum were used as outgoups. (e)

sequences isolated in this study.
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Fig 2. Larger piroplasms in the erythrocytes from D. albiventris. A — Spherical form.

B — Elongated form.

O N
pm

)

0%9 ¢
>0 0
Bl O

Fig 3. Small piroplasms in the erythrocytes from D. albiventris. A — Maltese cross

formation. B — Spherical form.
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Babesia bovis (L19077)

Babesia ovis (AY150058)
Babesia macropus (JQ437265)
Babesia bigemina (1Q723014)
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/ SO\ || @ Piroplasmida; Didelphis albiventris

Babesia sp. (KP757839)
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96| Babesia peircei (MF288026)

Babesia poelea (DQ200887)

Taxoplasma gondii (L37415)
Neospora sp. (U17345)

0.2

Fig. 4. Maximum likelihood tree o based on 18S rRNA partial sequences (408 bp) of
piroplasmida from D. albiventris with other piroplasm species. Scale indicates an
evolutionary distance of 0.2 nucleotides per position. Toxoplasma gondii and Neospora

sp. were used as outgoups. (@) sequences isolated in our study.
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9. Considerac0es Finais

Neste estudo foi possivel observar que N. nasua da regido peri-urbana e urbana
de Botucatu e Sdo Paulo séo infectados por Hepatozoon procyonis. Este parasita
parece ser comum nestes animais pois, ja foi detectado em outras regides do
pais. Entretanto, os quatis capturados em Palmital ndo foram infectados por H.
procyonis, provavelmente porque esses animais viviam restritos ao ambiente
urbano e além disso, eles eram alimentados diariamente e se encontravam em
boas condi¢des nutricionais, o0 que pode ter interferido visto que, Hepatozoon
spp. sdo parasitas oportunistas.

Didelphis albiventris foi infectado por Hepatozoon canis. Porém, apenas dois
animais de 69 analisados foram infectados, o que indicou que D. albiventris é
apenas um hospedeiro acidental para este organismo. Além disso, D. albiventris
também foi infectado por piroplasmas. Morfologicamente observamos um
pequeno e um grande piroplasma. Novos estudos sdo necessarios para
determinar as (a) espécies (e) de piroplasma que acometem esses animais, bem
como determinar o seu vetor e patogenia.

Didelphis aurita capturado em Sao Paulo sdo infectados por Hepatozoon sp.
filogeneticamente relacionado com Hepatozoon sp. (FJ719813 e FJ719814)
detectado em Dromiciops gliroides, um marsupial amostrado no Chile. Novos
estudos sdo necessarios para caracterizar essa espécie de Hepatozoon.

Nasua nasua, D. aurita e D. albiventris sdo infestados por ectoparasitas e varias
espécies foram identificadas. DNA de Hepatozoon spp. circula em Amblyomma
ovale. Hepatozoon procyonis e Hepatozoon sp. filogeneticamente proximo de

Hepatozoon americanum foram detectados em A. ovale. DNA de Babesia sp.
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filogeneticamente proximo de Babesia sp. capybara foi detectado em
Amblyomma sculptum.

e Para finalizar, este estudo forneceu dados epidemioldgicos sobre hemoparasitas
e ectoparasitas em N. nasua e Didelphis spp., além de caracterizar

filogeneticamente os hemoparasitas e redescrever H. procyonis.



