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RESUMO

Parasitos da ordem Piroplasmorida causam doencgas em animais silvestres e de companhia.
Devido a isso, nessa tese estdo incluidos trés artigos cientificos acerca do tema, com destaque
para a espécie Rangelia vitalii e para espécies do género Babesia. O primeiro trabalho teve
por objetivo relatar detec¢do molecular de parasitismo por R. vitalii em uma populagdo
uruguaia de Cerdocyon thous. Amostras de sangue e/ou bago de C. thous e Lycalopex
gyvmnocercus encontrados atropelados nas principais vias do Uruguai foram submetidos a
Reagdo em Cadeir de Polimerase (PCR) amplificando um gragmento de 551 pb do gene rRNA
18S para R. vitalii. Foram analisados 62 canideos, sendo 38 C. thous e 24 L. gymnocercus.
Cinco C. thous (13,16%) foram positivos para R. vitalii, com 99,5% a 100% de similaridade
entre cada sequéncia, € nenhum dos L. gymnocercus amostrados foram positivos. Quando
comparadas as amostras de R.vitalii disponiveis no GenBank, uma similaridade de 98,9% a
100% foi revelada. Os resultados da anélise molecular sugerem que R. vitalii esta circulando
na populacdo de raposas comedoras de caranguejo no Uruguai; no entanto, sua relevancia
veterindria para essas raposas permanece desconhecida. O segundo estudo objetivou detectar e
quantificar a carga parasitaria de R. vitalii em diferentes orgdos de canideos domésticos e
silvestres a fim de elucidar as distintas apresentagdes da infeccdo nestas espécies. Fragmentos
de 22 orgdos coletados de cdes domésticos (n=7) e silvestres (n=8) foram utilizados para
quantificagdo histologica e molecular, através de PCR em tempo real do gene hsp70. Na
histologia os vacuolos parasitéforos foram detectados nos tecidos de todos os cdes que
morreram com rangeliose, ¢ em somente dois C. thous. A carga parasitria foi
significativamente maior em cdes domésticos nos tecidos do sistema digestivo,
cardiorrespiratorio, endocrino, genitourindrio e musculo esquelético. No sistema
hematopoiético, C. thous apresentou carga parasitaria significativamente menor em linfonodos
e tonsilas do que caes, enquanto no bago, medula 6ssea e sangue as detecgdes foram similares.
No sistema nervoso central a detec¢do foi semelhante. Tanto em caes como em C. thous, o
agente possivelmente se mantém de forma assexuada (merogonia). No entanto, C. thous
provavelmente desenvolva uma fase esquizogdnica limitada e/ou de curta dura¢do, o que
conferiria a0 mesmo o possivel cardter de reservatorio do agente, em contrapartida com o cao,
um provavel hospedeiro acidental. O terceiro artigo € sobre espécies do género Babesia em
procionideos, e tem como objetivo de detectar e caracterizar filogeneticamente o parasitismo
por piroplasmideos em P. cancrivorus de vida-livre do Sul do Brasil. Amostras de bago e/ou
pool de orgaos de quatro P. cancrivorus atropelados em estradas do sul do Brasil (#1 a #4),
além de uma amostra de sangue de P. cancrivorus de vida livre (#5), foram submetidas a PCR
para os genes 18S rRNA, Asp70 e coxl. Paralelamente a coleta de sangue, foi realizado
esfregago sanguineo de ponta de orelha e cauda para andlise citolégica em busca de
hemoparasitos. Duas amostras de P. cancrivorus foram positivas para o gene 18S rRNA, e
uma dessas amostras foi positiva, também, para os genes isp70 e cox1. A anélise filogenética,
uma dessas apresentou alta similariadade (99,75%) com Babesia sp. obtida em P. cancrivorus
do Uruguai, pertencente ao clado das Babesia sensu stricto, enquanto a outra amostra se
enquadrou no clado I, do grupo de Babesia microti-like, agrupando-se monofileticamente com
as sequéncias de B. microti isoladas de Procyon lotor. Pelo conhecimento dos autores, essa ¢ a
primeira detec¢do de parasitismo por Babesia sp. em P. cancrivorus no Brasil; no entanto,
andlises filogenética mais amplas sdo necessdrias em relacdo a B.microti- like a fim de
elucidado se a espécie pertence a um genotipo zoonotico.

Palavras-chave: Piroplasma; Rangelia vitalii; Babesia sp.; Babesia microti; Cerdocyon thous,
Lycalopex gymnocercus, Procyon cancrivorus.



ABSTRACT

Piroplasmida parasites cause a wide range of diseases in wild and domestic animals. The
thesis presented herein includes three scientific papers regarding this subject, with an
emphasis on Rangelia vitalii and Babesia sp. The first manuscripts aimed to detect R. vitalii
parasitism in the Uruguayan wild fox population. DNA extracted from the blood and/or spleen
samples of road-killed C. thous and L. gymnocercus found in northern Uruguay were
subjected to polymerase chain reaction (PCR) to amplify a 551-bp fragment of the Rangelia
18S rRNA gene. A total of 62 wild canids, including 38 C. thous and 24 L. gymnocercus, were
analyzed. Five crab-eating fox samples (13.2%) were positive for R. vitalii, with 99.5-100%
identity between the sequences. All samples from pampas fox tested negative for R. vitalii.
When compared with the R. vitalii sequences available in GenBank, a similarity of 98.9—
100% was revealed. Molecular analysis results suggest that R. vitalii is circulating in the crab-
eating fox population in Uruguay; however, its veterinary relevance for these foxes remains
unknown.The second study aimed to detect and quantify the parasitic load of R. vitalii in
different organs of domestic and wild canids in order to elucidate differences in clinical and
pathological presentations of rangeliosis in these species. Fragments of 22 organs were
collected from domestic (n = 7) and wild (n = 8) canids and later used for histological and
molecular quantification, which was performed through real-time hsp70 PCR. Histologically,
parasitophorous vacuoles were detected in tissues of all dogs that died due to rangeliosis, and
only in two Cerdocyon thous. The parasitic load was significantly higher in domestic dogs in
tissues of the digestive, cardiorespiratory, endocrine, genitourinary systems, and skeletal
muscle. Regarding the hematopoietic system, C. thous had a significantly lower parasitic load
in the lymph nodes and tonsils compared to dogs, while in the spleen, bone marrow, and blood
the parasitic load was similar, as in the central nervous system. In domestic and wild canids
(C. thous), the agent possibly maintains a prolonged asexual phase (merogony), but it
probably develops a limited and/or short schizogonic phase in the C. thous, which would
characterize the host as a reservoir, in contrast to the dog, a probable accidental host. In the
third investigation, aimed to detect and phylogenetically characterize the parasitism by
piroplasmids in free-living P. cancrivorus from Southern Brazil. Samples of spleen and/or
organ pool of four P. cancrivorus killed by motor vehicle collision on highways of Rio
Grande do Sul state, Southern Brazil (# 1 to # 4), in addition to a blood sample of free-living
P. cancrivorus (# 5), were subjected to PCR for the 18S rRNA, Asp70 and cox1 genes. During
clinical evaluation of P. cancrivorus #5, a sample of peripheral blood (tip of the ear and tail)
was collected and a blood smear was made for cytological analysis in search of hemoparasites.
Two samples of P. cancrivorus were positive for the 18S rRNA gene, and one of these
samples was also positive for the Asp70 and cox1 genes. On phylogenetic analysis, one of
these showed high similarity (99.75%) with Babesia sp. obtained previously from P.
cancrivorus in Uruguay, belonging to the Babesia sensu stricto clade, while the other sample
fell into clade I, Babesia microti —like group, grouping monophyletically with the B. microti
sequences isolated from Procyon lotor. To the knowledge of the authors, this is the first
detection of parasitism by Babesia sp. in P. cancrivorus in Brazil, however, more wide
phylogenetic analyses are necessary for B. microti-like, in order to elucidate whether the
species belongs to a zoonotic genotype.

Keywords: Piroplasm; Rangelia vitalii; Babesia sp.; Babesia microti; Cerdocyon thous,
Lycalopex gymnocercus, Procyon cancrivorus.
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1. INTRODUCAO

Parasitos da ordem Piroplasmorida, a qual inclui os géneros Babesia, Theileria,
Cytauxzoon (YABSLEY; SHOCK, 2012) e Rangelia, causam doeng¢as em humanos, em
animais de producdo, de companhia (cdes e gatos) e em animais silvestres (YABSLEY;
SHOCK, 2012, Soares et al., 2014 ). Esses agentes sao hemoparasitos que exibem forma de
pera (piriforme) no estdgio de merozoito, intra-eritrocitdrio no hospedeiro sendo, por isso,
denominados piroplasmas (MEHLHORN; SCHEIN, 1984). Ultimamente a taxonomia da
ordem Piroplasmida ganhou vérias classificagcdes: Trés géneros (Babesia, Theileria e
Cytauxzoon) sao reconhecidos com base nas caracteristicas do ciclo de vida, porém o
conhecimento detalhado ¢ limitado (SCHREEG et al., 2016). Um estudo com analises
moleculares de sequencias do gene 18S, bem como as sequencias de aminoacidos coxl,
identificaram cinco grupos distintos de Piroplasmorida (Babesia sensu stricto; Theileria sensu
stricto, Theileria equi; Babesia grupo ocidental e Babesia microti) (SCHREEG et al., 2016).
Desafiando a classificagdo anterior, foi proposta uma nova classificagdo, com base em uma
extensa filogenia molecular que incluidez clados distintos de piroplasmideos: O clado I
Babesia microti —like grupo subdivido em clado Ia B. microti grupo (B. microti), Ib grupo B.
vulpes  (B. vulpes), Ic B. rodhaini (B. rodhaini), 1d B. felis (B. felis), o clado II do grupo
Monotremata (T. ornythorhynchi), o clado III Ocidental que inclui B. duncani. B. lengau e B.
conradae; o clado IV do grupo Marsupialia (Theileria spp.), o clado V do grupo Peircei (B.
peircei, B. poelea, B. ugwidiensis), o cladoVI do grupo Rhinocerotidae (7. bicornis), o clado
VII com Cytauxzoon (C. felis, C. mauls), o clado VIII que inclui o grupo Equus (7. equi, T.
haneyi), o clado IX que representa Theileria sensu stricto (7. annulata T. parva T. lestoquardi
T. orientalis ) e, por ultimo, o clado X Babesia sensu stricto (true Babesia) (B. bovis, B.

bigemina, B. canis, B. ovis) (JALOVECKA et al., 2019). Rangelia vitalii até o0 momento ndo ¢
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contemplada nos estudos sobre o posicionamento taxondmico dos piroplasmas (SCHREEG et
al., 2016; JALOVECKA et al., 2018; JALOVECKA et al., 2019). No entanto, na analise da
filogenia molecular R. vitalii se enquadra no grupo Babesia sensu stricto (SOARES et al.,
2011). Além disso, o ciclo do agente ¢ parcialmente elucidado, com caracteristicas
compartilhadas do grupo genético de Babesia sensu stricto, como a transmissao transovariana
no carrapato (SOARES et al., 2018). Porém, ndo se enquadra como Babesia sensu stricto
porque faz esquizogonia.

Em canideos domésticos no Brasil, as espécies de piroplasmas presentes sao Babesia
vogeli, Babesia gibsoni (TRAPP et al., 2006; JOJIMA et al., 2008 ) e Rangelia vitalii
(SOARES et al., 2014). Além desses, animais silvestres de vida livre também sdo expostos a
piroplasmideos, que afetam inimeras espécies de carnivoros das familias Canidae, Felidae,
Mustelidae, Procyonidae, Ursidae, Viverridae, Hyaenidae e Herpestidaeno (RYBAK;
GALLEGO; MILLAN, 2016).

Os piroplasmas sdo causadores de uma enfermidade febril e hemorragica nessas
espécies de carnivoros domésticos e silvestres. A babesiose, por B. vogeli, ¢ uma doenga de
patogenicidade leve a moderada e de importincia mundial. O carrapato Rhipicephalus
sanguineus, o qual estd localizado predominantemente em areas urbanas, esta relacionado a
ocorréncia de babesiose em caninos na regido sul do Brasil, com uma prevaléncia estimada em
35,7% no Parana e 22,4% no Rio Grande do Sul (SOARES; GIROTTO-SOARES, 2015a).

A rangeliose, por sua vez, ¢ uma doenca de maior patogenicidade, quando comparada
a babesiose, € o vetor envolvido é o carrapato Amblyomma aureolatum, o qual estd
predominantemente localizado em areas rurais e periurbanas (SOARES et al., 2018). Estudos
recentes sugerem a hipdtese da existéncia de reservatdrios de R. vitalii em animais silvestres,
visto que o vetor realiza hematofagia nesses animais e sua presencga ja foi descrita em Graxaim

do mato (Cerdocyon thous) e Graxaim do Campo (Lycalopex gymmocercus) (FREDO et al.,
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2015; SOARES et al. 2014; SOARES; GIROTTO-SOARES, 2015b ). Desta forma, o trabalho
tem como objetivo realizar a identificacdo de piroplasmas em canideos (Brasil e Uruguai) e
comparar a carga parasitaria em diferentes 6rgaos de caninos domésticos e silvestres a fim de
estabelecer um possivel reservatdrio para a rangeliose, e identificar piroplasma em

procionideos
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2. REVISAO BIBLIOGRAFICA

2.1 Rangelia vitalii

Rangelia vitalii ¢ um protozoario, do Filo Apicomplexa, Classe Sporozoasida, Ordem
Piroplasmida, o qual causa, em caes, uma doengca hemolitica denominada rangeliose
(SOARES et al., 2011). A condicao foi inicialmente relatada em 1908 como uma doenga
hemorragica e febril sem causa determinada (CARINI, 1908). Posteriormente, os sinais
clinicos, a evolucdo e o agente, inicialmente nomeado Piroplasma vitalii, foram descritos
(PESTANA, 1910a; PESTANA, 1910b). Todavia, durante décadas, a condicao foi preterida
pela comunidade académica (FIGHERA, 2007; LORETTI, 2012), além de erroneamente
diagnosticada como babesiose (MOREIRA, 1938), leishmaniose visceral (calazar) (POCALI et
al., 1998) ou toxoplasmose (MOREIRA, 1938; PARAENSE; VIANNA, 1948). A partir de
2011, através de técnicas de detecgdo molecular e andlise filogenética, mostrou-se que R.
vitalii ¢ geneticamente distinta das principais babésias que infectam caes (B. vogeli e B.
gibsoni), apesar de ser morfologicamente semelhante a B. vogeli quando encontrada em
hemacias (SOARES et al., 2011).

O ciclo de vida do agente ¢ parcialmente elucidado, com caracteristicas de
desenvolvimento compartilhadas com o grupo genético de Babesia sensu stricto tais como
merogonia (multiplicagdo assexuada) dentro dos eritrécitos dos hospedeiros vertebrados e
multiplicagdo sexuada seguidos por formacdo de esporozoitos no vetor invertebrado
[exclusivamente carrapatos Ixodidae] (VOTYPKA et al., 2017; JALOVECKA ef al., 2018).
Todavia, em R. vitalii ha também reproducdo por esquizogonia no interior de células
endoteliais de capilares sanguineos em multiplos tecidos, e, dessa forma, propdem-se uma fase

pré-eritrocitaria no ciclo do agente (SOARES; GIROTTO-SOARES, 2015b).
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2.1.1 Epidemiologia

No Brasil, os principais relatos da infec¢do por R. vitalii concentram-se nas regioes sul
e sudeste do pais envolvendo canideos domésticos e silvestres (CARINI, 1908; PESTANA,
1910; KRAUSPENHAR; FIGHERA; GRACA, 2003; LORETTI; BARROS, 2004; FIGHERA
et al., 2010; FRANCA et al., 2010; LEMOS et al., 2012; SOARES et al., 2014; FREDO et
al;2015; FREDO et al.2017). Além disso, o agente foi também detectado na Argentina,
Uruguai e Paraguai em cdes domésticos (EIRAS et al., 2014; SOARES et al., 2015; INACIO
etal.,2019).

Rangelia vitalii afeta principalmente cdes jovens; todavia, adultos também podem
apresentar a doenca (SOARES; GIROTTO-SOARES, 2015b). Caes de areas rurais e
periurbanas sdo principalmente afetados (LORETTI; BARROS, 2005; FREDO et al., 2017),
visto que o carrapato 4. aureolatum (Ixodidae), vetor da condigdo (SOARES et al., 2018), ¢
encontrado principalmente nessas areas (RIBEIRO et al, 1997; EVANS; MARTINS;

GUGLIELMONTE, 2000).

2.1.2 Sinais Clinicos

Os sinais clinicos mais comuns incluem anemia, ictericia, febre, esplenomegalia,
linfadenomegalia generalizada, hemorragia no trato gastrointestinal com melena,
sangramentos no nariz e cavidade oral (LORETTI; BARROS, 2005; FIGHERA et al., 2010;

FRANCA et al., 2010; DA SILVA et al., 2011). Experimentalmente, observou-se que os
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sinais clinicos iniciam 5 a 15 dias apds a inoculacdo do agente, com morte apds 7 dias se nao

implementado tratamento (DA SILVA et al., 2011; PAIM et al., 2012).

2.1.3 Achados macroscopicos

Na necropsia, lesdes tipicas de um distirbio hemolitico extravascular sdo observadas,
conforme a Figura 1. Ha ictericia generalizada que envolve as mucosas (conjuntivais, oral e
genital), o tecido subcutdneo, as serosas e a superficie intima das artérias (LORETTI;
BARROS, 2005; FIGHERA, 2007; FREDO et al., 2017). Esplenomegalia com 4areas
puntiformes e esbranquigadas ao corte (hiperplasia da polpa branca), além de
linfadenomegalia generalizada também sdo achados constantes. Outra alteracio comum ¢ a
hepatomegalia, com figado de coloracdo vermelho-alaranjada exibindo evidenciagdo do
padrdo lobular (LORETTI; BARROS, 2005; FIGHERA, 2007; FIGHERA et al., 2010;

FREDO et al., 2017).
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Figura 1 - Rangeliose em caninos domésticos. A. Mucosa oral com acentuada ictericia. B. Fezes
sanguinolentas ao redor do anus (melena). C. Esplenomegalia acentuada. D. Figado aumentado e de
coloracdo alaranjada, além de esplenomegalia. Fonte: Arquivo - Setor de patologia Veterinaria
UFRGS.

2.1.4 Achados histopatologicos

Na andlise histopatoldgica, € possivel visualizar vactiolos parasitéforos, com zoitos de
R. vitalii no citoplasma de células endoteliais dos capilares sanguineos, principalmente nos
linfonodos, bago, figado, medula 6ssea, rim, tonsilas, estdmago, intestinos, coracao, pulmdes e
pancreas, além de menor frequéncia em pele, musculatura esquelética e adrenais (FIGHERA
et al., 2010; FRANCA et al., 2010; FREDO et al., 2017). Estes apresentam forma redonda a
ovalada, e quando avaliados sob objetiva de 1000x, apresentam citoplasma azul-claro e nucleo
violaceo. Os zoitos medem aproximadamente 2,0-3,5 um, e estdo agrupados em 2-100 no

interior dos vacuolos parasitoforos, os quais medem em torno de 18 a 25 um de didmetro,
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conforme a Figura 2 (PESTANA, 1910; CARINI; MACIEL, 1914; LORETTI; BARROS,
2005; FIGHERA et al., 2010).

Ainda na histopatologia, ha diversas lesdes relacionadas a hemolise extravascular. No
baco, ha hematopoiese extramedular, eritrofagocitose, hiperplasia linfoide, aumento de
plasmocitos, podendo haver também necrose folicular central (FIGHERA et al., 2010;
FREDO et al. 2017). O figado pode apresentar necrose de coagulacdo centrolobular ou
paracentral, acimulo de pigmento biliar, principalmente no interior dos canaliculos biliares, e
eritropoiese extramedular de intensidade varidvel. Alteragdes na medula dssea sdo
frequentemente relatadas em caes infectados experimentalmente, como o aumento do niimero
de megacariocitos e a presenca de macro-plaquetas como resposta da medula 6ssea em face da
trombocitopenia (LORETTI; BARROS, 2005; FIGHERA et al., 2010; PAIM et al., 2012). Os
linfonodos exibem hiperplasia linfoide acentuada e eritrofagocitose (FIGHERA et al., 2010).

A doenca ¢ caracterizada por inflamacdo mononuclear em diversos 0Orgaos,
predominantemente plasmocitaria e de intensidade variavel (geralmente leve a moderada, e
raramente acentuada). No figado, a inflamac¢do ocorre de forma aleatoria. No rim ha infiltrado
na regido cortical e, ocasionalmente, perivascular proximo a pelve renal. No coragdo, a
inflamacdo pode dissecar os cardiomiocitos, e no encéfalo ¢ vista ao redor dos pequenos

capilares sanguineos das meninges ou no plexo coroide (FIGHERA et al., 2010).



Figura 2 — Achados histopatologicos de infeccdo por Rangelia vitalii no coragdo de um cao
doméstico. Células endoteliais com vacuolos parasitoforos intracitoplasmaticos de R. vitalii e zoitos no
interior de eritrocitos. Hematoxilina e eosina, 1000x. Fonte: Arquivo - Setor de patologia Veterinaria
UFRGS.

2.1.5 Diagnostico

O diagnoéstico da infec¢do por R. vitalii ¢ realizado através do historico clinico,
epidemiologia, sinais clinicos, resposta favoravel a terapia (LORETTI; BARROS, 2005;
FRANCA et al., 2010), esfregaco sanguineo de sangue periférico (FRANCA et al., 2010),
achados patolégicos (LORETTI; BARROS, 2005; FIGHERA et al., 2010), além de
identificacdo molecular do agente (SOARES et al., 2011). Todavia, atualmente tem se
empregado técnicas moleculares mais avancgadas, com melhor sensibilidade e especificidade
para deteccdo do protozodrio. Inicialmente, a identificacdo era feita por andlise filogenética
molecular de R. vitalii dos genes 18S rRNA e da proteina de choque térmico 70 (hsp70). Tais

genes foram amplificados por reacdo em cadeia da polimerase (PCR) convencional em
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amostras de sangue derivadas de cinco casos clinicos de caes presumivelmente infectados por
R. vitalii no sul do Brasil (SOARES et al., 2011). Recentemente, desenvolveu-se dois PCRs
em tempo real (QPCR), o primeiro para um fragmento do gene 18S rRNA, utilizando o
método Sybr Green (PAIM et al., 2016), e o segundo para a deteccdo do gene hsp70 do
parasita, por meio da sonda Tagman especifica, o que permitiu melhorar a especificidade da
reagdo (SOARES et al., 2018).

No diagnéstico diferencial devem ser incluidas doengas infecciosas e parasitarias que
ocorrem em caninos no Brasil que causam anemia, ictericia, febre, esplenomegalia,
linfadenopatia e hemorragias (LORETTI; BARROS, 2004), como babesiose, erliquiose,
leishmaniose, leptospirose e doengas que cursam com perda de sangue através do trato
digestivo, como verminoses gastrintestinais e ulceras géstricas. A anemia hemolitica
imunomediada também deve ser incluida no diagnostico diferencial da doenca (LORETTI;

BARROS, 2004).

2.1.6 Rangelia vitalii em animais silvestres

Rangelia vitalii ¢ descrita como causa de infecgdes naturais em canideos silvestres
desde 2014, com diversos relatos que estdo listados na Tabela 1. Um estudo recente
demonstrou infec¢dao no sangue em 25% (7/27) dos C. thous de vida livre analisados, os quais
ndo apresentavam alteragdes clinicas e/ou hematologicas. Para L. gymmocercus a infecgao foi
de 5% (1/17), porém nao foi possivel realizar as analises hematoldgicas (SOUZA et al., 2019).
Todavia, outra pesquisa mostrou um espécime de C. thous que exibiu os mesmos achados

clinicos, histolégicos de caes com a Rangeliose (CAPOT et al., 2019). Nesse trabalho foi
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proposto, como em outros estudos anteriores, que os canideos neotropicais, particularmente C.

thous, sejam os reservatorio naturais de R. vitalii (SOARES et al., 2014; FREDO et al., 2015).
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Tabela 1- Artigos publicados sobre a detec¢@o de Rangelia vitalii em canideos silvestres.

N°de
animais Sinais
Espécie Diagnostico Coinfeccao analisados/ gy Referéncia
clinicos
PCR
positivos
Cerdocyon thous PCR, ES Nio 20/5 Nio SOARES ctal
Lycalopex gymmocercus PCR, HE Nao 1/1 NA FRE]ZDOOI Set al.,
C. thous PCR, HE Cinomose 11 Sim FREIZD(?I ¢ al.,
Hepatozoon canis e . QUADROS et
L. gymmocercus PCR, HE Capillaria hepatica 1/1 Sim al. 2015
Hepatozoon sp.,
Leishmania sp., . SILVEIRA et al.,
Chrysocyon brachyurus PCR, HE Entamoeba spp. ¢ 11 Sim 2016
Helmintos
L. gymmocercus PCR, ES Hepatozoon canis 1/1 NA SIL\;(‘;? al.,
C. thous PCR NA 27/7 Nio SOUZA et al.,
2019
L. gymmocercus PCR NA 171 Nio SOUZA et al.,
2019
PCR, HE,
C. thous ESe Nio 1/1 Sim COPAT et al.,
2019
hemograma
NA: Nao analisado; PCR: reacdo em cadeia da polimerase; ES: esfregaco sanguineo; HE: hematoxilina
€ eosina.

2.2 Babesia spp.

A babesiose ¢ causada por protozodrios do género Babesia, os quais provocam um
distarbio hemolitico intravascular que acomete varias espécies de mamiferos. A condi¢do em
caninos no Brasil ¢ causada por B. vogeli e B. gibsoni, ambas transmitidas por R. sanguineus

(DANTAS-TORRES; FIGUEREDO, 2006). B. vogeli ¢ considerada do grupo das “grandes
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babesias”, ¢ encontrada nos eritrocitos dos caes sob as formas de merozoitos, trofozoitos e
pré-gametocito. Os merozoitos de B. vogeli medem em torno de 2,4-3,0 um x 5,0 um
(HOSKINS, 1991; KUTTLER, 1988) e tém formato arredondado, piriforme, eliptico, em cruz
ou irregular, frequentemente dispostos em pares, mas oito ou mais podem estar presentes no
mesmo eritrocito (LOBETTI, 1998). No Brasil, a babesiose canina tem sido relatada em
varios estados como em Sao Paulo (DELL’PORTO; OLIVEIRA; MIGUEL, 1993),
Pernambuco (DANTAS-TORRES; FIGUEIREDO, 2006), Rio Grande do Sul (BRACCINI et
al., 1992), Rio de Janeiro (GUIMARAES et al., 2004, DE SA et al., 2006) ¢ Minas Gerais
(GUIMARAES; OLIVEIRA; SANTA-ROSA, 2002; BASTOS; MOREIRA; PASSOS, 2004).
Os caes acometidos, geralmente, apresentam infecgdes clinicas inaparentes e responsivas a
terapia antiprotozoarica (ZAHLER ef al., 1998; OYAMADA et al. 2005). Todavia, podem ser
observados também sinais na forma aguda, com anorexia, apatia, diarreia, febre, palidez de
mucosas e letargia. Em casos em que a hemolise ¢ mais intensa, manifesta-se
hemoglobinemia, hemoglobinuria e ictericia. (NELSON; COUTO, 2015; SOARES;
GIROTTO-SOARES, 2015a). A necropsia, os caninos infectados por B. vogeli podem estar
emaciados, palidos e ictéricos. A injuria vascular ¢ evidenciada por hemorragias e edema, que
podem ser graves nos pulmdes. O bago pode estar aumentado de tamanho e firme, enquanto os
rins apresentam coloragdo marrom-escura. O figado pode estar aumentado de volume e de
coloracdo marrom-amarelada. A vesicula biliar, por sua vez, exibe bile espessa e abundante
(LEVINE, 1985).

Babesia gibsoni, por sua vez, esta no grupo das “pequenas babesias”, com tamanho de
I-1,2 ym x 1,9-3,2 pm (HOSKINS, 1991; KUTTLER, 1988), sendo observada
predominantemente de forma individual no interior de eritrocitos, mas também podem ser
observados numerosos parasitos em uma mesma célula parasitada (KOCAN et al., 2001). Os

merozoitos de B. gibsoni sdo pleomorficos, e sdo encontrados com maior frequéncia na forma
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redonda a oval (TABOADA; MERCHANT, 1991). Sua distribuicdo geografica ¢ mais restrita,
com descrigdes na Asia, América do Norte, Africa e Europa (ANO; MAKIMURA;
HARASAWA, 2001), além de raros relatos no Brasil (BRACCINI et al., 1992; LUCIDI et al.,
2004; TRAPP et al., 2006; JOJIMA et al., 2008). B. gibsoni ¢ considerada altamente
patogénica (SHAW et al., 2001) e os vetores conhecidos sdo Haemaphysallis bispinosa e H.
longicornis (SWAMINATH, 1937; OTSUKA, 1974), todavia, ha crescentes evidéncias de que
R. sanguineus também seja um vetor potencial desse agente, cujo desenvolvimento tem sido
demonstrado no intestino e glandulas salivares desse carrapato (HIGUCHI; IZUMITANI;
HOSHI, 1999). Os caes acometidos por esse agente apresentam as alteracdes muito similares
aos da infeccdo por B. vogeli, como febre, trombocitopenia, anemia regenerativa,
esplenomegalia, linfadenopatia e letargia. A ictericia na babesiose ¢ um achado incomum em

caes (MEINKOTH et al., 2002).

2.2.1 Diagnostico

O diagndstico de babesiose canina ¢ baseado no exame fisico e historico do paciente,
além de andlise de esfregacos de sangue periférico para confirmacdo da infeccdo
(GUIMARAES; OLIVEIRA; SANTA-ROSA, 2002). Durante a parasitemia, formas
intraeritrociticas de Babesia spp. sdo facilmente encontradas em esfregacos de sangue
periférico corados, especialmente em cdes febris (GUIMARAES et al., 2004). Ainda assim, o
método tem limitacdes, com baixa sensibilidade ao analisar casos cronicos e atipicos
(UILENBERG et al., 1989). Por sua vez, a deteccdo de Babesia spp. através do diagndstico
molecular tem demonstrado melhor sensibilidade, além de permitir caracterizar com precisao

as espécies envolvidas e, dessa forma, identificar novas espécies (ZAHLER et al., 2000).
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2.2.2 Babesia spp. em animais silvestres

Inumeros estudos tém evidenciadoa deteccdo de Babesia spp. em canideos e

procionideos silvestres. (Tabela 2)



Tabela 2- Estudos moleculares e sorologicos de Babesia spp. em canideos e procionideos silvestres.

Hospedeiro Agente Origem Amostra Referéncia
Canidae
. Babesia canis . . ANDRE et al., 2011
Graxaim-do-mato (Cerdocyon thous) Babesia caballi Brasil Cativeiro SOUSA et al.. 2018
Cachorro-vinagre (Speothos venaticus) Babesia canis Brasil Cativeiro ANDRE et al., 2011
Coiote (Canis latrans) B. microti-like  Estados Unidos Vida livre BIRKENHEUER et al., 2010
Raposa do deserto (Vulpes zerda) Babesia sp. Alf\rllgijo Vida livre MAIA et al., 2014
Chacal dourado (Canis aureus) Babesia sp. Alf\rllgijo Vida livre MAIA et al., 2014
Raposa cinzenta (Urocyon cinereoargenteus)  B. microti-like Estados Unidos Vida livre BIRKENHEUER et al., 2010
Raposa-palida (Vulpes pallida) Babesia sp. Alf\rlfijo Vida livre MAIA et al., 2014
Cao-guaxinim (Nyctereutes procyonoides) B. microti-like  Coreia do Sul Vida livre HAN et al., 2010
Raposa vermelha (Vulpes vulpes) B. canis Portugal Vida livre CARDOSO et al., 2013
Babesia sp. Polénia Vida livre BIRKENHEUER et al., 2010
B. microti-like Italia Vida livre TORINA et al., 2013
Raposa de Ruppell (Vulpes rueppellii) Babesia sp.  Norte da Africa Vida livre MAIA et al., 2014
Chacal Lado-listrado Africano (Canis Babesia sp.  Norte da Africa Vida livre MAIA et al., 2014
adustos)
Cao selvagem (Lycaon pictus) B. rossi Africa do Sul Vida livre MATIILA et al., 2008
Babesia sp. Zambia Vida livre WILLIAMS et al., 2014
Lobo-cinzento (Canis lupus) B. microti-like Italia Vida livre ZANET et al., 2014
Babesia sp. Brasil Cativeiro ANDRE et al., 2011
B. canis Hungria Cativeiro ERDELYI et al., 2014
Babesia sp. Italia Vida livre ZANET et al., 2014
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Hospedeiro Agente Origem Amostra Referéncia
Procyonidae
Guaxinim (Procyon lotor) Babesia sp. Japdo Vida livre KAWABUCHI et al., 2005
Babesia sp.  Estados Unidos Vida livre BIRKENHEUER et al., 2006
Babesia sp.  Estados Unidos Vida livre BIRKENHEUER et al., 2008
B. microti-like  Estados Unidos Vida livre BIRKENHEUER et al., 2008
Babesia sp. Japdo Vida livre JINNAI et al., 2009
B. microti-like  Estados Unidos Vida livre CLARK; SA;/OIEK; BUTLER,
Babesia sp. Costa Rica Vida livre MEHRKENS et al., 2013
Guaxinim-sulamericano/Mao-pelada Babesia sp. Uruguai Vida livre THOMPSON et al., 2018

(Procyon cancrivorus)
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3. ARTIGO 1

Nesse item ¢ apresentado o artigo intitulado “Rangelia vitalii in free-living crab-eating
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Abstract

Rangelia vitalii is a protozoan parasite that causes a hemorrhagic and hemolytic
disease in dogs known as rangeliosis. Current reports of the disease are
concentrated in the southern and southeastern regions of Brazil, as well as in
Uruguay, Argentina, and Paraguay, and mainly concern domestic dogs. South
American wild canids, such as the crab-eating fox (Cerdocyon thous), the
pampas fox (Lycalopex gymnocercus), and the maned wolf (Chrysocyon
brachyurus) may also be affected, although existing reports are restricted to
Brazil. The present study aimed to detect R. vitalii parasitism in the Uruguayan
wild fox population. DNA extracted from the blood and/or spleen samples of
road-killed C. thous and L. gymnocercus found in northern Uruguay were
subjected to polymerase chain reaction (PCR) to amplify a 551-bp fragment of
the Rangelia 18S rRNA gene. A total of 62 wild canids, including 38 C. thous
and 24 L. gymnocercus, were analyzed. Five crab-eating fox samples (13.2%)
were positive for R. vitalii, with 99.5-100% identity between the sequences. All
samples from pampas fox tested negative for R. vitalii. When compared with the
R. vitalii sequences available in GenBank, a similarity of 98.9-100% was
revealed. Molecular analysis results suggest that R. vitalii is circulating in the
crab-eating fox population in Uruguay; however, its veterinary relevance for

these foxes remains unknown.

Keywords: wild canids; hemoparasites; Rangelia vitalii; tick-borne
disease.
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Introduction

Rangelia vitalii is a protozoan (Apicomplexa: Piroplasmorida: Babesiidae)
that causes a hemorrhagic and hemolytic disease in dogs known as rangeliosis
(Soares et al., 2011). The condition mostly occurs in young dogs living in rural
or peri-urban areas (Soares and Girotto-Soares, 2015), and infection is strictly
linked to the distribution of its vector Amblyomma aureolatum (Acari: Ixodidae)
(Soares et al., 2018). In domestic dogs, the most common clinical signs of
rangeliosis are associated with hemolytic crisis, which includes anemia,
jaundice, splenomegaly, lymphadenopathy, and hemorrhage from the ear tips,
nostrils, oral cavity, and other locations of the gastrointestinal tract, besides
petechiae (Loretti and Barros, 2005; Fighera et al., 2010; Franca et al., 2010;
Da Silva et al., 2011). Most reports on R. vitalii infection in domestic dogs are
concentrated in the South and Southeastern regions of Brazil (Carini, 1908;
Pestana, 1910; Krauspenhar et al., 2003; Loretti and Barros, 2004; Fighera et
al., 2010; Francga et al., 2010; Lemos et al., 2012; Gottlieb et al., 2016; Fredo et
al., 2017). Nonetheless, several cases were recently reported in dogs in
Uruguay (Soares et al., 2015), Argentina (Eiras et al., 2014), and Paraguay
(Inacio et al., 2019). Furthermore, in Brazil, R. vitalii infection has been
frequently reported in wild canids-crab-eating foxes (C. thous) (Soares et al.,
2014; Fredo et al., 2015; Souza et al., 2019), pampas foxes (L. gymnocercus)
(Fredo et al., 2015; Quadros et al., 2015; Silva et al., 2018; Souza et al., 2019),
and a maned wolf (Chrysocyon brachyurus) (Silveira et al., 2016). Additionally,
rangeliosis may present sporadically as a clinical disease in crab-eating foxes
(C. thous) (Copat et al., 2019).

The crab-eating fox is considered the most important wild host of A.
aureolatum (Guglielmone et al., 2003; Labruna et al., 2005), and previous
studies suggested that this canid could act as a natural host of R. vitalii (Soares
et al., 2014; Souza et al., 2019). Since A. aureolatum is one of the most
common ticks found in domestic dogs from rural areas of Uruguay (Venzal et
al., 2003; Martins et al., 2014) and because R. vitalii has only been identified in
domestic dogs in this country to date (Sarasua and Donati, 1976; Soares et
al.,2015; Rivero et al., 2017), further studies are necessary to understand the
dynamics of R. vitalii parasitism in the endemic wild canid populations of rural

28



29

Uruguayan regions. Therefore, this study aimed to investigate the occurrence of
R. vitalii infection in road-killed C. thous and L. gymnocercus specimens in
northern Uruguay.

Material and methods

Biological samples were obtained from crab-eating foxes (C. thous)
and pampas foxes (L. gymnocercus) that were found dead along the main
roads in northern Uruguay. Blood samples and/or spleen fragments were
collected and maintained at —20°C until further molecular analysis. Exclusion
criteria included severe carcass autolysis and advanced blood hemolysis.
Additionally, the fur of all foxes was inspected for ectoparasites. Attached ticks
were collected and immersed in 95% alcohol. Identification of the ticks was
performed using dichotomous keys from Barros-Battesti et al. (2006) and Nava
et al. (2017). Data concerning the geographic location in which the animals
were found and their sex were recorded. DNA extraction was performed with
two commercial kits following the manufacturer’s instructions: QlAamp DNA
Mini Kit (QIAGEN®, Chatsworth, CA, EUA) and GeneJET Genomic DNA
Purification Kit (Thermo Fisher Scientific, Lithuania). After DNA extraction, a
polymerase chain reaction (PCR) was performed using BAB143-167 and
BAB694-667 primers to amplify a 551-base pair (bp) fragment of the 18S rRNA
gene (Soares et al., 2011). Ultrapure water and samples of previously
sequenced R. vitali DNA were used as negative and positive controls,
respectively. The PCR-positive samples were purified using PCR purifier kits:
PureLink ™ (Invitrogen®, Carlsbad, CA, EUA) and GeneJET PCR Purification
Kit (Thermo Fisher Scientific, Lithuania). DNA concentration was measured
using a fluorescent quantification test (Qubit, Invitrogen®, Carlsbad, CA),
following the manufacturer’s instructions. Amplicons were sequenced using
version 3.1 of the kit BigDye Terminator Cycle Sequencing in an ABI PRISM
3130 Genetic Analyzer (Applied Biosystems®, Foster City, CA, EUA). Sequence
identity was assessed using BLAST (https:/blast.ncbi.nlm.nih.gov/Blast.cgi).

Partial sequences of R. vitali 18S rRNA gene were aligned with other
18S rRNA sequences retrieved from GenBank using ClustalW v.1.8.1
(Thompson et al., 1994) in Bioedit version 7.2.5 (Hall 1999).
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Results

A total of 62 foxes were sampled: 38 crab-eating foxes (23 males, 12
females, and three animals whose sex could not be determined due to severe
traumatic damage to the inguinal and perianal area) and 24 pampas foxes (12
males, 11 females, and one animal whose sex could not be determined for the
same reasons listed previously). Specimens collected from five C. thous
(13.2%; 2 blood samples and 3 spleen samples) in the departments of
Paysandu (n=3) and Tacuarembo6 (n=2), as shown in Figure 1, tested positive
for R. vitalii on PCR. Two of these foxes were males, while two were females;
the sex of one animal could not be determined due to extensive carcass
damage. The frequency of foxes with ticks was 12.9% (8/62), and A.
aureolatum was detected in 10.5% of the C. thous carcasses (4/38). Moreover,
Amblyomma tigrinum was detected in both fox species included in this study (in
two cases each).

The sequences obtained in this study were deposited in GenBank
(MW131217-MW131221). The sequence identity among all obtained sequences
ranged between 99.5-100%. When compared with the sequences available in

GenBank, a sequence identity of 98.9-100% was observed.

Discussion

To the best of our knowledge, this is the first report of R. vitalii
infection in crab-eating foxes (C. thous) in Uruguay. Sequencing studies
showed that the samples were almost identical and highly similar (98.9-100%)
to R. vitalii sequences obtained from domestic dogs in Uruguay, Brazil, and
Argentina (GenBank Accession numbers: HQ150006; KT288203; KP202860;
KF218606 and MH100726). Additionally, our samples demonstrated a high
sequence similarity (99.5-100%) with R. vitalii sequences detected in foxes (C.
thous and L. gymnocercus) from Brazil (GenBank accession numbers:
MG967621; KF964146 and KM057840).

Five of the 38 crab-eating foxes (C. thous) investigated herein tested
positive for R. vitalii, accounting for a frequency of infection of 13.2%. This
result represents a lower frequency than those reported in previous studies from
Brazil, in which 25-30% of the investigated C. thous were carriers of R. vitalii
(Soares et al., 2014; Souza et al., 2019). Currently, the only reports of R. vitalii
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infection in Uruguay are from domestic dogs that had presented classical
clinical signs of rangeliosis. Most of these cases were detected in regions
further north of the Rio Negro river (Sarasua and Donati, 1976; Soares et al.,
2015; Rivero et al., 2017). In the present study, three positive cases of C. thous
were collected in the department of Paysandu, where sporadic cases of
rangeliosis have been reported in the past decade in hunting dogs with access
to rural areas (Rivero et al., 2017). This area has a high humidity with mild
temperatures, favoring the occurrence of A. aureolatum (Pinter et al., 2004), the
only proven competent vector of R. vitalii (Soares et al., 2018). Of note, A.
aureolatum is one of the most common tick species found in domestic and wild
canids in Uruguay (Guglielmone et al., 2003; Venzal et al., 2003; Labruna et al.,
2005; Martins et al., 2014), and in our study, it was also detected on C. thous
carcasses that tested negative for R. vitalii. In addition, all L. gymnocercus were
negative for R. vitalii, which could be related to a minor detection of R. vitalii in
this species, as previously investigated (Souza et al., 2019). Although both
these wild canids inhabit the Pampa biome, they have distinct life habits: L.
gymnocercus is more adapted to dry and open grasslands areas, whereas C.
thous may also live in transition areas with forest formations in the Pampa
(Cheia et al., 2011). However, A. aureolatum, a vector of R. vitalii (SOARES et
al., 2018), occurs in the pampa biome (Alvares et al., 2013); its abundance is
restricted to small forested areas as this ectoparasite requires environments
with high humidity and mild temperatures to survive (Guglielmone et al., 2003;
Pinter et al., 2004). Thus, C. thous may be in close contact with A. aureolatum.
Another tick species found in C. thous and L. gymnocercus in this study
was A. tigrinum, which had been reported previously to infest domestic dogs in
Uruguay, as well as humans (Venzal et al., 2003). However, A. tigrinum does
not seem to participate in the epidemiology of rangeliosis, as this tick was
unable to transmit R. vitalii to domestic dogs experimentally in a previous
investigation (Soares et al., 2018). On the other hand, in a recent experiment
conducted in dogs, A. aureolatum maintained R. vitalii infection for three
generations and for up to six generations (transovarian transmission), in
experimental and natural infections, respectively, without the need for
reinfections (Soares et al.,, 2018). Furthermore, neotropical wild foxes,
especially C. thous, are considered the main hosts of the adult stages of A.
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aureolatum (Labruna et al., 2005). The detection of R. vitalii in C. thous,
coupled with evidence of parasitism by its vector could, therefore, explain the
circulation of the protozoan for many years in this region, causing outbreaks of
the disease in dogs since the beginning of the 2000s, as described by Rivero et
al. (2017). R. vitalii infection in foxes has already been described in Brazil, while
also affecting C. thous, L. gymnocercus, and C. brachyurus populations in Rio
Grande do Sul, Santa Catarina, Sdo Paulo, and Minas Gerais states (Soares et
al., 2014; Fredo et al., 2015; Souza et al., 2019; Copat et al., 2019; Fredo et al.,
2015; Quadros et al., 2015; Silva et al., 2018; Souza et al., 2019; Silveira et al.,
2016).

In general, pathogens circulating in wild animal populations, such as wild
canids, do not cause clinical disease in their natural hosts. From an evolutionary
perspective, this could be considered part of a balance in the host-parasite
relationship (Hudson et al., 2006; Mitchell, 1991). Nonetheless, this balance can
be altered when one of these pathogens from wild canids is transmitted to
domestic canids such as the dog.

Conclusions

The molecular results of this study demonstrate that R. vitalii is already
circulating in the population of C. thous in northern Uruguay; therefore, further
studies on the occurrence of R. vitalii in wild carnivores in South American
countries are necessary to better understand its distribution, frequency, and

epidemiology.
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Figure 1: Uruguay Map - Highlighted the North of the country with the

distribution of collected wild canids and the detection of R. vitalii according to

the departments. * domestic dog: data bibliographic.
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Supplementary table 1. Sex, geographic coordinates, samples available and PCR results for Rangelia vitalii and Ixodid
ectoparasites obtained from Lycalopex gymnocercus and Cerdocyon thous from different origins in Uruguay.

rﬁmzlr Species Sex Origin S\%ﬂg:ﬁ: FZ(S:LIIT’[ Ixodid ectoparasites
Department Coordinates
South West
1 Lycalopex gymnocercus NI Salto 31°23'55" 57°35'56" Blood -
2 Cerdocyon thous F Salto 31°23'04" 57°33'40" Blood/Spleen -
3 C. thous NI Paysandu  31°51'21" 57°52'31" Blood -
4 C. thous F Paysandu  31°37'57" 57°53'03" Blood +
5 L. gymnocercus M Paysandu  31°58'41" 57°50'57" Blood/Spleen - Amblyomma tigrinum (1 female)
6 L. gymnocercus F Salto 31°24'46" 57°56'36" Spleen -
7 C. thous F Rivera 31°15'29" 55°39'57" Blood/Spleen -
8 L. gymnocercus M Rivera 31°12'26" 55°39'03" Spleen -
9 L. gymnocercus M Paysandu  32°04'34" 57°51'20" Blood/Spleen -
10 C. thous F Salto 31°23'15" 57°43'10" Blood/Spleen -
11 L. gymnocercus M Salto 31°18'36" 57°06'02" Blood/Spleen -
12 C. thous M Salto 31°04'38" 56°56'18" Blood/Spleen -
13 C. thous M Salto 31°20'56" 57°51'45" Blood/Spleen - Amblyomma aureolatum (1 female)
14 L. gymnocercus M Salto 31°22'57" 57°45'00" Blood/Spleen -
15 L. gymnocercus F Salto 31°05'55" 57°33'42" Blood/Spleen -
16 L. gymnocercus F Paysandu  31°47'36" 57°32'26" Blood/Spleen -
17 C. thous NI Paysandu  32°30'45" 58°00'55" Blood +
18 L. gymnocercus F Paysandu  31°33'57" 57°53'03" Spleen -
19 C. thous M Paysandu  31°49'56" 57°53'14" Blood/Spleen -
20 L. gymnocercus F Paysandd  31°33'55" 57°53'16" Blood/Spleen -
21 C. thous M Salto 31°04'16" 57°49'29" Blood/Spleen -
22 C. thous NI Salto 31°22'57" 57°44'27" Spleen -
23 L. gymnocercus M Salto 31°19'03" 56°57'37" Blood -
24 C. thous F  Tacuarembd 31°39'11" 56°12'34" Blood -
25 L. gymnocercus F Paysandu  31°30'57" 57°54'34" Blood/Spleen -
26 C. thous M Paysandu  31°35'564" 57°52'20" Blood/Spleen - A. tigrinum (1 female)
27 C. thous M Paysandu  31°41'12" 57°53'26" Spleen -
28 C. thous M Salto 31°20'28" 57°23'47" Spleen -
29 C. thous F Salto 31°18'39" 57°15'05" Blood/Spleen -
30 C. thous F Paysandu  31°52'48" 57°51'43" Blood/Spleen +
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A. tigrinum (1 female)

A. tigrinum (1 female)

A. aureolatum (2 males)

A. aureolatum (42 males, 7
females)

A. aureolatum (1 males)

M: male; F: female. +: positive; -: negative.
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Supplementary table 2: Identity matrix of Rangelia vitalii sequence of the present study (cases 1, 2, 3, 4 and 5) and isolates of

R. vitalii deposited in Genbank.
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Sequences 1 2 3 4 5 6 7 8 9 10 11 12
1.IMW131221] Rangelia vitalii - Cerdocyon thous #1 - Uruguay ID
2.[MW131217] R. vitalii - C.thous #2 - Uruguay 0,995 ID
3.[MW131219] R, vitalii- C.thous #3 - Uruguay 1 0,995 ID
4.[MW131220] R.vitalii - C.thous #4 - Uruguay 0,997 0,997 0,997 ID
5.[MW131218] R. vitalii - C.thous #5 - Uruguay 1 0,995 1 0,997 ID
6.[MG967621] R. vitaii - C.thous - Brazil 1 0,995 1 0,997 1 ID
7.[KF964146] R. vitalii - C.thous - Brazil 0,997 0,997 0,997 1 0,997 0,997 ID
8.[KM057840] R. vitalii - Lycalopex gymnocercus - Brazil 0,997 0,997 0,997 1 0,997 0,997 1 ID
9.[HQ150006] R.vitalii - domestic dog - Brazil 0,989 0,989 0,989 0,991 0,989 0,989 0,991 0,991 ID
10.[KT288203] R.vitalii - domestic dog - Brazil 0,997 0,997 0,997 1 0,997 0,997 1 1 0,991 ID
11.[KP202860] R.vitalii - domestic dog - Uruguay 0,995 1 0,995 0,997 0,995 0,995 0,997 0,997 0,989 0,997 ID
12.[KF218606] R.vitalii - domestic dog - Argentina 0,995 1 0,995 0,997 0,995 0,995 0,997 0,997 0,989 0,997 1 ID

ID: identical.
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Abstract

Rangeliosis is a condition transmitted by the tick Amblyomma aureolatum and caused
by the protozoan parasite Rangelia vitalii in canids. In domestic dogs, the disease
causes a severe hemolytic disease, while in wild canids the piroplasm is often
detected without any clinical abnormality. This study aimed to detect and quantify the
R. vitalii Hsp70 gene (parasite burden) in several organs of domestic and South
American wild canids (Cerdocyon thous and Lycalopex gymnocercus) to elucidate
distinct clinical presentations of rangeliosis in these species. A total of seven
domestic dogs that died due to rangeliosis and 38 wild foxes were initially included,
with all dogs presenting histological and molecular features of rangeliosis, while eight
C. thous were positive at the molecular analysis for R. vitalii. Fragments of 22 organs
collected from domestic (n=7) and wild foxes (n=8) were employed for histological
and molecular quantification using real-time polymerase chain reaction aiming at the
Hsp70 gene. Histologically, parasitophorous vacuoles were constantly detected in the
dogs, while these were detected only in two C. thous. Parasitic burden was
significantly higher in the digestive, cardiorespiratory, endocrine, genitourinary, and
skeletal-muscle systems of domestic dogs when compared to wild foxes. In the
hematopoietic system of wild canids, some organs, such as the lymph nodes and
tonsils, presented significantly lower amounts of R. vitalii, while other organs (spleen,
bone marrow, and blood) had results similar to those of domestic dogs. Additionally,
the central nervous system of both domestic and wild canids presented a similar
quantity of R. vitalii. The etiological agent is possibly maintained through an asexual
reproductive process (merogony) in both domestic and wild species. Nonetheless, a
limited or short-duration schizogony phase occurs in C. thous, which would designate
this species as a possible reservoir host for the agent. Dogs, in contrast, would most
likely act as accidental hosts, presenting a severe and more pathogenic schizogony

phase, resulting in characteristic clinical and pathological rangeliosis.

Keywords: Piroplasm; Hemoparasite; Rangeliosis; Canids; Cerdocyon thous
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Introduction

Rangelia vitalii is a protozoan parasite, which belongs to the Piroplasmorida
order and is phylogenetically related to the Babesiidae family, whose members cause
the hemolytic disease rangeliosis in dogs (Soares et al., 2011). The condition affects
mainly domestic dogs (Canis lupus familiaris) living in rural or peri-urban areas
(Loretti and Barros, 2005; Fredo et al., 2017), and is strictly linked to the vector
Amblyomma aureolatum distribution among these areas (Soares et al., 2018),
considering that this tick is restricted to neotropical regions (Ribeiro et al., 1997;
Evans et al., 2000).

The life cycle of R. vitalii has been partially elucidated, sharing its features with
a genetic group of Babesia sensu stricto, such as transovarial transmission in the tick
vector (Soares et al., 2018), as well as merogony within erythrocytes of vertebrate
hosts (Votypka et al., 2017; Jalovecka et al., 2018; Jalovecka et al., 2019). However,
the life cycle differs in terms of some features, such as schizogony reproduction
(Pestana, 1910; Carini and Maciel, 1914; Loretti and Barros, 2005) since frequently
the agent is observed microscopically within parasitophorous vacuoles in the
cytoplasm of endothelial cells of several tissues (Pestana, 1910; Carini and Maciel,
1914; Loretti and Barros, 2005; Fighera et al., 2010; Fredo et al., 2017).

In addition to domestic dogs, wild canids such as the crab-eating fox
(Cerdocyon thous), pampas fox (Lycalopex gymnocercus), and maned-wolf
(Chrysocyon brachyurus) are also susceptible hosts to R. vitalii infection (Soares et
al., 2014; Fredo et al., 2015; Quadros et al., 2015; Silveira et al., 2016; Silva et al.,
2018; Copat et al., 2019). Additionally, C. thous is considered the most common wild
host of A. aureolatum (Labruna et al., 2005), and previous studies suggested that the
fox could act as an asymptomatic carrier or reservoir of R. vitalii (Soares et al., 2014;
Souza et al., 2019). Considering these features, the present work aimed to detect and
quantify parasite burden of R. vitalii in several organs of domestic and wild canids (C.
thous) through histological and molecular analysis to clarify some aspects related to a

45



46

distinct clinical-pathological presentation of rangeliosis between wild foxes and

domestic dogs.

Materials and methods

Sample selection

This study was conducted between December 2018 and July 2020 through
sample collection of tissues of domestic dogs and wild canids received for necropsy
at the Veterinary Pathology Laboratory from the Universidade Federal do Rio Grande
do Sul, located in Porto Alegre city, Rio Grande do Sul state, Brazil. The domestic
dogs were referred from veterinary hospitals or private clinics from the metropolitan
area of Porto Alegre city, with a presumptive clinical diagnosis of rangeliosis before
postmortem examination was conducted. The criteria for the inclusion of dogs in this
investigation included gross and microscopic changes typical of rangeliosis, while
domestic dogs that did not present any of these changes were excluded from further
analyses. Conversely, the wild foxes were either referred similarly from private clinics,
zoological facilities, and wildlife rehabilitation centers or an active search was
conducted at highways of the Rio Grande do Sul state aiming for acquiring wild
canids killed by a motor vehicle collision. This procedure was authorized by the
Instituto Chico Mendes of Biodiversity Conservation (ICMBio) and registered at
SISBIOs under the numbers 67053-1 2 and 73807-1. All wild foxes were analyzed
independently of the presence of gross lesions and/or suspicion of rangeliosis. The
autolysis state of these animals (post mortem changes) was classified according to
McAloose et al. (2018). Information contained within the necropsy reports, such as
species, breed, sex, age, previous treatment, and ectoparasites presence, was

compiled and summarized.

Parasitophorous vacuoles quantification and average parasite burden

Fragments of organs of multiple systems were collected for the

histopathological examination, which included the cardiorespiratory system (heart and
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lungs), central nervous system (cerebrum, cerebellum, and spinal cord),
hematopoietic system (bone marrow, spleen, lymph node, and tonsils), digestive tract
(salivary gland, stomach, liver, pancreas, small and large intestines), endocrine
system (thyroid/parathyroid and adrenal glands), genitourinary system (kidneys,
urinary bladder, testicle/ovary, and prostate/uterus), and locomotor system (skeletal
muscle [posterior thigh]). Tissues were fixed in 10% neutral buffered formalin,
routinely processed for histology, and stained for Hematoxylin and Eosin. From these
organs, we performed a histological quantification of the parasitophorous vacuoles
(PV) of R. vitalii located within endothelial cells by counting the total number of
parasitic structures within 10 high-power fields (HPF; 400x%), and, then, we estimated
an average parasite burden by splitting the total count of parasitic structures in 10
HPF by 10, which was further classified as mild (+; 1-5 PV), moderate (++; 6-10 PV),
and severe (+++; >10 PV), as described previously for domestic dogs (Fredo et al.,
2017). Additionally, other concomitant microscopic lesions were also evaluated to
associate the agent with the cause of death of these canids. Moreover, parasitic
forms were investigated in the cytoplasm of erythrocytes through histological

sections.

DNA extraction

Approximately 0.05 gm of the same tissues previously listed at the histological
process and whole blood samples from both domestic dogs and wild canids were
frozen for later DNA extraction. This was conducted using the commercial kit QlAamp
DNA Mini Kit (QIAGEN®, Chatsworth, CA, EUA) according to the manufacturer's
instructions, except with regards to the amount of tissue.

Quantitative real-time PCR (QPCR)

Molecular detection of R. vitalii was obtained through real-time PCR employing
the following primers Rv751-770-forward (5'- GCG TAT CCC GAA GAT TCA AA-3 )
and Rv930-911-reverse (5- AGT GAA AGC GGT GCA ACA TC-3 '), additional to a
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TagMan probe at the position 772-790 (5- 6-FAM CCT TAT CAA ATC ATT CTT C
MGB NFQ -3'). This set of primers amplified a fragment of 180 base pairs (bp) from
the Hsp70 gene of R. vitalii (Soares et al., 2018) with the following adjustments: 10x
of PCR buffer, 2 mM of each deoxyribonucleotide triphosphate, 1.5 mM of MgClz2, 1 U
of Platinum Taq Polymerase (5000 U/mL) (Invitrogen®, Carlsbad, CA), 30 pmol of
each initiator and probe, Rox, 2.0 yL of model DNA, and molecular grade water to
complete a final volume of 25 pL. For each reaction, a standard curve was inserted
for the absolute quantification. The qPCR was performed on a StepOne™ Real-Time
PCR System (Applied Biosystems, CA, EUA).

Standard curve development for absolute quantification (QPCR)

A commercially developed artificial plasmid (Invitrogen®, Carlsbad, CA) with
2,647 bp containing a fragment of 306 bp of the Hsp70 gene of R. vitalii was used.
The initial number of plasmid copies received was 1.75 x 10'? in 5000 ng (equivalent
to the number of copies of the Hsp70 gene of R. vitalii), and from this, serial dilutions
were performed on the basis of 3 x 10" at three copies of the plasmid. Time and
temperature conditions (denaturation, annealing, and extension) for real-time PCR
were set as previously described (Soares et al., 2018). Considering nine standard
curves, the efficiency of the qPCR was demonstrated to be 98.19% (mean slope= -
3.366), a 0.973 coefficient of correlation (R?), and a 40.747 y-intercept, based on the
formula proposed by Bustin et al. 2009.

Coinfections in wild foxes

Samples of the spleen and lymph node of the foxes that presented positive
results at the PCR for the Hsp70 gene of R. vitalii were also sent to the Virology
Laboratory at UFRGS, and the virome detected was described in another study
(Weber et al., 2020). Furthermore, at the histological exam other parasites coinfecting

these canids were also evaluated.
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Statistical analysis

To deal with zero values, before logarithmic transformation (log10) the copy
number values received an offset equal to half of the smallest positive value recorded
(Welham et al., 2014). The transformed copy number and PV counting were tested
for normality using the Shapiro-Wilk test. According to non-parametric distribution and
sample numbers, inter-species comparisons were conducted using the Mann-
Whitney U test. Data was shown using median, range, and number of observations.
The significance level for the null hypothesis rejection is less than 5% (P<0.05). The
statistical analysis employed IBM SPSS Statistics for Windows, version 22.0 (IBM
Corp., Armonk, 2013) and GraphPad Prism for Windows, version 6.01 (La Jolla,
California, 2012).

Results
Domestic dogs

From December 2018 to July 2020, 891 dogs underwent necropsy, of which
seven (0.8%) were affected by rangeliosis, which was confirmed through histological
and molecular features. Neither of these animals were previously treated with
antiprotozoal drugs.

Six dogs were mixed breed, while one was a Yorkshire Terrier. Males were
slightly overrepresented (57%; 4/7), while females accounted for three cases (43%).
Age was reported in five cases (71%), ranging between 2 and 13 years, and with a
median age of 6 years.

Histologically, PV containing schizonts of R. vitalii (figure 1) within the
cytoplasm of endothelial cells were observed and quantified in several organs, as
depicted in Table 1. No parasitic form was observed within the cytoplasm of
erythrocytes.
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Wild foxes

Samples of 38 wild foxes were collected, of which 31 were crab-eating foxes
(C. thous) and seven were pampas foxes (L. gymnocercus). All foxes were free-
ranging animals, and upon necropsy, traumatic lesions related to vehicle collision
were consistently observed, with an exception of case #1 (data previously published
by Copat et al., 2019). This C. thous was referred to a zoo after capture, with clinical
signs and hematological findings suggestive of canine rangeliosis. Therefore, it was
treated 24 h before death with imidocarb hydrochloride and dexamethasone.
Additionally, C. thous #4 had microscopical lesions suggestive of canine distemper
infection.

A total of eight crab-eating foxes (out of 31; 26%) were found to be positive for
R. vitalii using PCR, while none of the pampas foxes were positive at this
examination. Amblyomma aureolatum was detected in 11% (4/38) of the wild canids
and 37% (3/8) of the positive C. thous. More data regarding the foxes, like sex,
autolysis degree, histological analysis, PCR results, and presence or absence of
ectoparasites, additional to possible coinfections, is available in Table 2. With regards
to the positive cases, PV was observed histologically only in two of these cases (2/8;
Table 3).

Comparison between domestic dogs and wild foxes (C. thous)

The quantity of R. vitalii Hsp70 gene (parasite burden) was significantly lower
in C. thous in the digestive tract, cardiorespiratory, endocrine, genitourinary, and
skeletal muscle systems when compared to domestic dogs (Figure 2). Nonetheless, a
peculiar result was observed for the hematopoietic system, with distinct
quantifications according to different organs: the quantity of that gene in the lymph
nodes and tonsils was significantly lower in C. thous when compared to dogs, while in
the spleen, bone marrow, and whole blood it was similar between both species.
Additionally, the central nervous system had similar reduced quantification results in
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both species, which were also corroborated through the absolute results of parasite
burden from R. vitalii presented in Table 4.

When compared to domestic dogs, the wild foxes (C. thous) also presented,
histologically, a minor amount of PV in the lungs, heart, thyroid, parathyroid, adrenal
gland, kidneys, prostate/uterus, lymph node, spleen, stomach, small and large
intestines, pancreas, bone marrow, and urinary bladder, while no difference was
detected in the central nervous system (Figure 3). Testicles/ovaries, salivary gland,
tonsils, and skeletal muscle were not analyzed due to the small number of samples,

which precluded further statistical analyses.

Discussion

During the analyzed period, we detected a frequency of 0.8% of rangeliosis in
domestic dogs, which is slightly lower than that observed in previous investigations
conducted by other researchers within the same state (6,8-7.5%; Gottlieb et al., 2016;
Malheiros et al., 2016) and in Rio de Janeiro (5,8%; Lemos et al., 2012). However,
these studies were conducted with blood samples of dogs referred for clinical
evaluation, while our study investigated numerous samples of organs of dogs
presented for necropsy examination. Another investigation, conducted on dogs
submitted to necropsy in another pathology laboratory in the Rio Grande do Sul state,
pointed out that rangeliosis was the cause of death or reason for euthanasia in 0.4%
of dogs (Fighera et al., 2008), similar to the current study. Additionally, in other South
American countries, such as Paraguay, the prevalence of detection of R. vitalii was
equally low and estimated at 0.26% (Inacio et al., 2019). A lower prevalence of R.
vitalii in domestic dogs observed in retrospective studies employing necropsy
database, when compared to the hematological findings of alive dogs, may be related
to early diagnosis and treatment, which may reduce the mortality of dogs due to this
condition.

Rangelia vitalii detection in C. thous submitted to necropsy (26%) was quite
similar to that obtained in another study that used blood samples of free-living C.

thous (25%; Souza et al., 2019). However, no positive cases for L. gymnocercus
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were detected in our investigation, which is probably related to a lower occurrence of
R. vitalii in this specimen, as described previously (Souza et al., 2019). The
frequencies of detection of R. vitalii in both studies, conducted with distinct
methodologies, were relatively similar, as the wild canids of the present work most
often died because of traumatic events related to a vehicle collision, with no influence
of R. vitalii in these deaths, similar to a previous investigation of detection of the
piroplasm from blood samples collected of free-living C. thous (Souza et al., 2019)

Amblyomma aureolatum, the only tick proven to act as a vector for the
transmission of R. vitalii (Soares et al., 2018), was detected in positive C. thous,
similar to the results of another investigation (Souza et al., 2019). This ectoparasite
requires environments with high humidity and mild temperatures to survive
(Guglielmone et al., 2003; Pinter et al., 2004), which are frequently observed in the
Brazilian biomes at the Atlantic Forest and Southern Plains (Pampa) (Alvares et al.,
2013). Additionally, these areas are frequently shared geographically with the crab-
eating fox (C. thous) (Cheida et al., 2011). It is likely that both species coevolved in
these areas, which enabled C. thous to act as the main host of the adult phase of A.
aureolatum (Labruna et al., 2015) and, therefore, it probably led to constant contact
with the piroplasm carried by the tick.

Microscopically, the schizogony stage of R. vitalii, located within endothelial
cells of domestic dogs, was a consistent feature, mainly in the heart, small and large
intestines, lungs, lymph nodes, kidneys, pancreas, urinary bladder, and stomach, as
evidenced in another similar investigation (Fredo et al., 2017). Rangelia vitalii was
related previously to Babesia spp. sensu stricto, using molecular phylogenetic
analysis (Soares et al., 2011), but Babesia spp. usually do not undergo schizogony in
vertebrate hosts during their life cycle (Schreeg et al., 2016; Jalovecka et al., 2018;
Jalovecka et al., 2019). Although we detected schizogony stages of R. vitalii in two C.
thous, histological observation of these parasites was not possible in most of the
cases, which were regarded as natural hosts. Some factors, such as coinfections,
environmental damage pressure, climatic variations, or immunodepression, may be

associated with increase susceptibility to piroplasm infection in wild canids (Alvarado-
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Rybak et al., 2016), which may be reflected in the clinical presentation of these
animals.

Rangelia vitalii has been previously assigned as the cause of death in a C.
thous, as severe schizogony was observed histologically, in addition to other gross
and histological typical changes of rangeliosis (Copat et al., 2019). Nonetheless, the
gPCR results of this case (C. thous #1) were similar to those of the remaining positive
cases; therefore, we did not find an apparent difference between these canids.
Nevertheless, this crab-eating fox had been previously treated, which possibly
interfered with the results; therefore, the real parasite burden in this canid remains
unknown.

Domestic dogs presented a higher R. vitalii parasite burden at the digestive,
cardiorespiratory, endocrine, genitourinary, and skeletal muscle systems when
compared to C. thous. This finding may be explained by a severe and long-lasting
schizogony reproductive phase in the accidental host, which would lead to the death
of the animal. Similarly, an experimental study showed that domestic cats (Felis
catus) acted as likely accidental hosts of Cytauxzoon felis, with clinical signs and
schizogony stages evidenced in all tissues upon necropsy (Blouin et al., 1987).
Conversely, the wild host (lynx; Lynx rufus) presented a short schizogony stage after
exposure, wherein PV was not detected in the tissues histologically, after 30 days
post-exposure, despite significant and detectable parasitemia (Blouin et al., 1987).
Therefore, those authors suggested that the schizogony reproductive phase is brief in
the wild felid, while the merogony phase in the blood appears to be longer (Blouin et
al., 1987), similar to the observations made in the present study, wherein the
schizogony phase was poorly detected histologically in C. thous. This is further
supported by the extended period in which merogony phase forms of R. vitalii may be
detected in C. thous (Soares et al., 2014), similar to C. felis infection in lynx (Blouin et
al., 1987). Nonetheless, R. vitalii infection has been previously associated with the
death of C. thous (Copat et al., 2019), and C. felis was also associated with the death
of L. rufus (Nietfeld, and Pollock, 2002), which suggests that these agents can
occasionally induce a more pathogenic and prolonged schizogony phase in these

species.
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Another previous molecular investigation revealed that free-ranging C. thous
may act as carriers of R. vitalii that do not show any clinical or hematological
abnormality related to this infection (Souza et al., 2019). Thus, wild canids probably
present a mild schizogony phase, which may be undetectable or brief, explaining the
absence of clinical signs in these animals. Similar findings have been reported for
Babesia rossi infection, which presents higher pathogenicity in domestic dogs, while
not being pathogenic for black-backed jackals (Canis mesomelas) (Neitz and Steyn,
1947) and African wild dogs (Lycaon pictus) (Van Heerden, 1980; Penzhorn, 2011).
The findings of these authors suggested that B. rossi coevolved with both hosts in
Sub-Saharan Africa, while most of the domestic dogs were introduced recently from
Europe, Asia, and North and South America (Penzhorn, 2011). Similarly, the
hypothesis of coevolution could be applied to R. vitalii and native canids of South
America (Soares et al., 2014; Mitchell, 2017), considering that existing lineages of
domestic dogs in this location were introduced after the European colonization of
North and South America (Leonard et al., 2002; Mitchell, 2017).

The quantitative results obtained using whole blood, bone marrow, and spleen
samples showed that C. thous did not present any statistically significant difference
compared to domestic dogs in these tissues. Therefore, C. thous and dogs with
rangeliosis defined as the cause of death, exhibiting clinical signs and characteristic
gross/microscopic lesions, presented a similar R. vitalii parasite burden in these
tissues. Merogony seems to occur similarly in both dogs and wild canids, which may
reflect similar quantification values in hematopoietic tissues, such as the bloodstream,
spleen, and bone marrow (Homer et al., 2000; Jalovecka et al., 2018). This has been
previously demonstrated in both domestic and wild hosts through the detection of
merozoites of R. vitalii within erythrocytes (Soares et al., 2011; Copat et al., 2019;
Silva et al., 2018). In contrast, the quantification obtained for R. vitalii Hsp70 gene at
the central nervous system did not differ between both species, which could be
explained by the fact that large piroplasms, such as R. vitalii (2-3.5 ym) (Pestana,
1910; Carini and Maciel, 1914; Soares et al., 2011), are not easily associated with
infection at this site, similar to the observations made in dogs infected by Babesia

canis (Daste et. al., 2013). For instance, in Europe, neurological infections by B. canis
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are recorded at low levels ranging from 1-3% of the cases (Mathé et. al., 2006;
Matijatko et al., 2009; Matijatko et al., 2010; Daste et. al., 2013). Additionally, in cattle
infected by Babesia bigemina or Babesia bovis, only the latter, a small Babesia, can
cause neurological infections (Bock et al., 2014)

Rangelia vitalii is maintained in both domestic and wild foxes (C. thous)
through a merogony phase within erythrocytes. However, as observed in domestic
cats infected by C. felis, the schizogony phase is more pathogenic. Furthermore, this
correlation is a plausible hypothesis for R. vitalii infection in domestic dogs and could
explain the severity of the condition in these canids. This has been shown in the
current investigation in the form of a higher number of copies of R. vitalii identified
using PCR, as well as through the frequent detection of PV (schizogony phase) upon
histopathological investigation. Additionally, this parasitic form is considered highly
pathogenic owing to the marked endothelial damage, which, in addition to the
erythrocyte phase, causes severe anemia and thrombocytopenia in domestic dogs,
leading to death. We therefore suggest that the domestic dog may act as an
accidental host in the life cycle of R. vitalii, considering that both A. aureolatum and
C. thous are species endemic to South American countries (Guglielmone et al., 2003;
Cheida et al., 2011), while domestic dogs are likely exotic (Leonard et al., 2002;
Mitchell, 2017). The current investigation builds upon the findings of previous studies
conducted in C. thous naturally infected by R. vitalii (Soares et al., 2014; Fredo et al.,
2015; Souza et al., 2019), which indicated this species as the natural host of the
hemoparasite. Possibly, the wild fox coevolved with A. aureolatum, the only proven
vector of R. vitalii, which is widely distributed (endemic) in the area inhabited by C.
thous (Soares et al., 2018). Thus, C. thous probably develop a limited or brief
schizogony phase during R. vitalii infection, which would make the wild fox a reservoir
for the piroplasmid.
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Figures

Figure 1: Domestic dog with Rangeliosis. Heart. Endothelial cells have numerous
intracytoplasmic parasitophores vacuoles of R. vitalii (arrow). Hematoxylin and eosin
(400x).
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Figure 2: Inter-species comparison of copy number (Rangelia vitalii hsp70 gene
fragment) in tissues of Cerdocyon thous and domestic dogs using Mann-Whitney U
test. The p<0.05 is statistically significant.
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Figure 3: Inter-species comparison of parasitophorous vacuoles in tissues of

Cerdocyon thous and domestic dogs using Mann-Whitney U test. The p<0.05 is

statistically significant.
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Table 1: Histological quantification of Rangelia vitalii in several organs of naturally infected domestic dogs.

Dog number

System Organ 1 > 3 4 5 6 7
Cardiorespiratory Heart +++  +++ -+ A
Lungs +++  +++  +++ -+

Central nervous Cerebrum + - + ++ + - +

Cerebellum + - ++ + + - +

Spinal cord NC NC + NC + NC -

Hematopoietic Bone marrow + + + + + + -
Spleen + + ++ +++ H++ - +++
Lymph node +++  +++ -+ A+ R
Tonsil NC NC NC NC NC NC NC
Digestive Salivary gland NC NC NC NC NC ++ NC
Stomach +++ +++ +++ +++ +++ +++ +++
Liver + +++  +++  H++ .+
Pancreas +++  +++  +++ -+
Small intestine +++  +++  +++ -+
Large intestine +++  +++ -+ A
Endocrine Thyroid and parathyroid NC  +++ +++ +++ +++ NC +++
Adrenal +++  +++  +++ -+
Genitourinary Kidney +++  +++ -+ A
Urinary bladder +++  +++  +++ -+
Testicle/ovary ++ + NC NC NC NC NC
Prostate/uterus +++ +++ NC NC NC NC +++
Other Skeletal muscle NC NC NC +++ NC - NC

(+) mild; (++) moderate; (+++) severe; (-) absent/not detected; (NC): sample not collected



Table 2: Individual identification, sex, autolysis degree, microscopical, presence/absence of ectoparasites, and possible
coinfections in eight crab-eating foxes (Cerdocyon thous) with positive results at the polymerase chain reaction for
Rangelia vitalii.

R. vitalii
Individual Autolysis parasitophoro . ) )
) o Sex Ectoparasites Coinfections
identification degree* us vacuoles
at histology
Amblyomma
1 M 3 + ND
aureolatum
Bordetella bronchiseptica
2 F 3 + Absent and Proteus sp,
Angiostrongylus sp
3 M 4 - Absent Angiostrongylus sp
4 F 2 - Absent Canine distemper virus
5 F 3 - Absent ND
6 M 2 - A. aureolatum ND
7 M 2 - Absent ND
8 M 2 - A. aureolatum ND

+: positive; -: negative. F: female; M: male; ND: not detected; *: (1) alive. (2) mild autolysis. (3) moderate autolysis.
(4) severe autolysis. (5) mummified. (MCALOOSE et al., 2018).
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Table 3. Histological quantification of Rangelia vitalii in several organs of naturally infected crab-eating foxes (Cerdocyon

thous).

C. thous

System Organ 1 5 3 4 s 6 .

Cardiorespiratory Heart ++  +++ - - - - -

Lungs ++ ++ - - - - -

Central nervous Cerebrum - + - - - - -

Cerebellum + NC - - - - -

Spinal cord NC - - - - - -

Hematopoietic Bone marrow - - - - - - -

Spleen - + - - - - -

Lymph node - NC - - - - -

Tonsil NC NC - - - - -

Digestive Salivary gland - NC - - - - -

Stomach NC NC - - - - -

Liver + - - - - - -

Pancreas ++ +++ - - - - -

Small intestine ++ ++ - - - - -

Large intestine NC ++ - - - - -

Endocrine Thyroid and NC NC - - - - -
parathyroid

Adrenal gland - NC - - - - -

Genitourinary Kidneys ++ ++ - - - - -

Urinary bladder + NC - - - - -

Testicle/ovary - NC - - - - -

Prostate/uterus NC NC - - - - -

Other Skeletal muscle NC - - - - - -

(+) mild; (++) moderate; (+++) severe; (-) absence/not detected; (NC): samples not collected.
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Table 4. Absolute results of copy numbers of the R. vitalii Hsp70 gene /DNA uL according to each system.

System

Median (Range)

Domestic dogs

Cerdocyon thous

Digestive
Cardiorespiratory
Endocrine
Genitourinary
Hematopoietic
Nervous

Other

85,320 (20-1,838,640)
109,688 (195-865,088)
155,744 (16,493-10,864,007)
75,448 (0-1,756,501)
25,959 (0-2,088,366)

59 (3-1,573)

20,460 (10,941-104,023)

51 (0-128,555)
72 (0-2,132)
68 (0-866)
262 (0-17,391)
154 (0-99,315)
10 (0-152)

23 (0-214)
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5. ARTIGO 3
Nesse item ¢ apresentado o artigo intitulado “Deteccdo de duas espécies de piroplasmideos em
mao-peladas (Procyon cancrivorus) de vida-livre no Sul do Brasil”, o qual serd submetido para

um periddico a definir.
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RESUMO

Procyon cancrivorus (“mao-pelada”) ¢ um procionideo amplamente distribuido nas Américas
central e do sul; todavia, o conhecimento sobre o parasitismo por piroplasmideos na espécie ¢
escasso. Essa investigacdo teve o objetivo de detectar e caracterizar filogeneticamente o
parasitismo por piroplasmideos em P. cancrivorus de vida-livre do Sul do Brasil. Amostras de
baco e/ou pool de 6rgios de quatro P. cancrivorus atropelados em estradas do sul do Brasil (#1 a
#4), além de uma amostra de sangue de P. cancrivorus de vida livre (#5), foram submetidas a
PCR para os genes 18S rRNA, Asp70 e coxl. Paralelamente a coleta de sangue, foi realizado
esfregago sanguineo de ponta de orelha e cauda para andlise citolégica em busca de
hemoparasitos. Duas amostras de P. cancrivorus foram positivas para o gene 18S rRNA, e uma
dessas amostras foi positiva, também, para os genes hsp70 e coxl. A analise filogenética, uma
dessas apresentou alta similariadade (99,75%) com Babesia sp. obtida em P. cancrivorus do
Uruguai, pertencente ao clado das Babesia sensu stricto, enquanto a outra amostra se enquadrou
no clado I, do grupo de Babesia microti-like, agrupando-se monofileticamente com as sequéncias
de B. microti isoladas de Procyon lotor. Pelo conhecimento dos autores, essa ¢ a primeira
deteccdo de parasitismo por Babesia sp. em P. cancrivorus no Brasil; no entanto, andlises
filogenética mais amplas sdo necessarias em relagdo a B.microti- like a fim de elucidado se a
espécie pertence a um gendtipo zoondtico.

Palavras chave: Procyonidae, hemoparasitos, Babesia sp., técnicas moleculares, animais

silvestres
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ABSTRACT

Procyon cancrivorus (crab-eating racoon) is a procionid widely distributed in Central and South
America; however, knowledge about parasitism by piroplasmids in the species is scarce. This
investigation aimed to detect and phylogenetically characterize the parasitism by piroplasmids in
free-living P. cancrivorus from Southern Brazil. Samples of spleen and/or organ pool of four P.
cancrivorus killed by motor vehicle collision on highways of Rio Grande do Sul state, Southern
Brazil (# 1 to # 4), in addition to a blood sample of free-living P. cancrivorus (# 5), were
subjected to PCR for the 18S rRNA, Asp70 and cox1 genes. During clinical evaluation of P.
cancrivorus #5, a sample of peripheral blood (tip of the ear and tail) was collected and a blood
smear was made for cytological analysis in search of hemoparasites. Two samples of P.
cancrivorus were positive for the 18S rRNA gene, and one of these samples was also positive for
the Asp70 and coxl genes. On phylogenetic analysis, one of these showed high similarity
(99.75%) with Babesia sp. obtained previously from P. cancrivorus in Uruguay, belonging to the
Babesia sensu stricto clade, while the other sample fell into clade I, Babesia microti —like group,
grouping monophyletically with the B. microti sequences isolated from Procyon lotor. To the
knowledge of the authors, this is the first detection of parasitism by Babesia sp. in P. cancrivorus
in Brazil; however, more wide phylogenetic analyses are necessary for B. microti-like, in order to
elucidate whether the species belongs to a zoonotic genotype.

Keywords: Procyonidae, hemoparasites, Babesia sp., molecular techniques, wildlife animals
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INTRODUCAO

Procyon cancrivorus, conhecido como “mao-pelada”, ¢ um procionideo (CHEIDA et al.,
2011) amplamente distribuido, da América Central 8 América do Sul, com exce¢do do Chile
(EISENBERG; REDFORD 1999). No Brasil, estd presente em todos os biomas, mas, apesar de
sua ampla distribuicdo, ¢ considerado um dos carnivoros neotropicais menos estudados
(MORATO et al., 2004; CHEIDA et al., 2011). A avaliacdo da presenca de Babesia em
populacdes de maos-peladas ainda ¢ escassa, com somente dados no Uruguai de Babesia sp.
relacionada taxonomicamente ao clado Babesia sensu stricto (THOMPSON et al, 2018).
Ultimamente, a taxonomia da ordem Piroplasmida ganhou varias classificacdes: Trés géneros
(Babesia, Theileria e Cytauxzoon) sao reconhecidos com base nas caracteristicas do ciclo de vida,
porém, o conhecimento detalhado ¢ limitado (SCHREEG et al., 2016). Um estudo com andlises
moleculares de sequencias do gene 18S, bem como as sequencias de aminoacidos coxl
identificaram cinco grupos distintos de Piroplasmorida (Babesia sensu stricto; Theileria sensu
stricto, Theileria equi; Babesia grupo ocidental e Babesia microti) (SCHREEG et al., 2016). Em
contraponto a classificacdo anterior, uma nova classificacdo foi proposta com base em uma
extensa filogenia molecular, descrevendo dez clados distintos (JALOVECKA et al., 2019).
Estudos prévios demonstraram a presenca do carrapato Amblyomma aureolatum parasitando P.
cancrivorus (VENZAL et al., 2003; QUADROS et al., 2013). Além disso, A. aureolatum é uma
das espécies de carrapatos mais comuns encontradas em canideos domésticos e selvagens
(LABRUNA et al., 2005;), e considerando o fato que esse vetor ¢ transmissor de hemoparasitos,
como Rangelia vitalii para canideos domésticos e silvestres (SOARES. et al., 2018), o

conhecimento acerca da circulacdo de piroplasmideos em P. cancrivorus se faz necessario. Sendo
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assim, o objetivo desse estudo foi detectar e caracterizar filogeneticamente, as espécies de

piroplasmas parasitos de maos-peladas (P. cancrivorus) de vida-livre do Sul do Brasil.

MATERIAIS E METODOS

DESCRICAO DAS AMOSTRAS

As amostras foram oriundas de cinco maos-peladas (Procyon cancrivorus #1-5) de
vida-livre, atropelados em rodovias do Rio Grande do Sul. Os dados da localizagdo em que o
animal foi atropelado, bem como sexo, idade e amostras disponiveis para analise estdo dispostas
na Tabela 1. O estado de autdlise desses animais foi classificado de acordo com McAloose et al.
(2018). As amostras dos animais #1-3 foram coletados in situ, enquanto o mao-pelada #4 foi
encaminhado para a necropsia no Laboratério de Patologia Veterinaria da Universidade Federal
do Rio Grande do Sul -UFRGS. Durante as necropsias fragmentos de multiplos 6rgdos foram
coletados e congelados a -20°C para analise molecular (bago, rim, coragdo, pulmao, figado,
linfonodo, intestino delgado, glandula salivar e pancreas). Os carrapatos presentes no animal #4
foram identificados de acordo com chaves dicotomicas propostas por Barros-Battesti et al. (2006)
e 0 DNA extraido, conforme descri¢do posterior. Por sua vez, o mao-pelada #5 foi encaminhado
a atendimento clinico para cirurgia de osteossintese mandibular no Hospital de Clinicas
Veterinarias da UFRGS, no qual foi realizada, no dia zero, a coleta de sangue total para reagao
em cadeia da polimerase (PCR), assim como, 19 dias pds internacao (P.I) (18 dias pds cirurgia)
foram confeccionados esfregagcos sanguineos de sangue periférico de ponta de orelha e cauda.
Esses foram corados pelo método de Romanowsky e avaliada a presenca de piroplasmas em
microscopia Optica de imersao (1000x). Os dados de registros de medicamento administrados

foram levantados, além dos dados de exame hematoldgicos de hemoglobina e plaqueta foram
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coletados nos dias (0, 7, 18, 28, 70 e 120 dias com relagdo a cirurgia) e analisados
comparativamente em relagdo a valores de referéncia para Procyon cancrivorus, segundo

Teixeira & Ambrosio (2007) e para Procyon lotor (raccoon), segundo Denver (2003).

Tabela 1- Caracterizacdo das amostras de maos-peladas (Procyon cancrivorus) de vida-livre do
Rio Grande do Sul, Brasil, submetidas a detec¢do de Piroplasma quanto a origem, sexo, idade,

amostras analisadas e exames realizados.

Identificaca Origem Sexo Idade Amgstras Diagndstico
0 analisadas
#01 Cagapava do Sul Fémea Adulto Baco PCR
#02 Venancio Aires Fémea Adulto Baco PCR
#03 Taquara Fémea Adulto Baco PCR
404 CapivaridoSul ~ Macho  Adulto 00ldedredos  pop iy

e carrapato
#05 Carlos Barbosa Macho Adulto Sangue PCR/ES

PCR: reacdo em cadeia da polimerase; HE: hematoxilina e eosina; ES: esfregaco sanguineo.

ANALISE MORFOMETRICA

As laminas dos esfregagos sanguineos foram submetidas a andlise morfométrica
minuciosa. As imagens das formas parasitarias sanguineas foram capturadas e documentadas em
camara digital (Opticam 5000) acoplada a microscopio. Foram medidas 16 formas
intraeritrocitarias de piroplasmas, Para a morfometria foi utilizado o programa Opticam
microscopia OPTHD, calibrado especificamente para o microscopio utilizado para capturar as
imagens em imersdo (1000x). Foi calculada a média e o desvio padrao das medidas obtidas do

comprimento maior, comprimento menor e do nicleo dos organismos.
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EXTRACAO DNA

A extragdo foi realizada com o kit comercial QIAamp DNA Mini Kit (QIAGEN®,
Chatsworth, CA, EUA) de acordo com as instru¢des do fabricante. O DNA extraido foi

armazenado em -20°C até as analises moleculares serem realizadas.

ENSAIOS DE PCR

As amostras foram submetidas ao PCR de triagem para amplificar o gene 18S rRNA de
Babesia sp., os quais amplificam um fragmento de =~ 551 pares de base (pb) (SOARES et al.,
2011). As amostras positivas na triagem foram submetidas ao conjunto de PCR, com intuito de
realizar analises filogenéticas. Para o PCR do gene 18SrRNA de Apicomplexa, com base em =
1684 pb, foram usandos os seguintes conjuntos de primers: PiroOF (GCC AGT AGT CAT ATG
CTT GTG TTA) e Piro6R (CTC CTT CCT YTA AGT GAT AAG GTT CAC) (KAWABUCH et
al., 2005), além de primers internos para o sequenciamento, expressos na tabela 2. Uma PCR
adicional para o gene da proteina de choque térmico 70 (Asp70), amplificando = 1056 pb, foi
realizada com as amostras positivas na triagem, empregando-se os seguintes primers: Asp70 F1
(5-CATGAA GCA CTG GCC HTT CAA-3) e hsp70 R2 (5-GBA GGT TGT TGT CCT TVG
TCAT-3) . A amplificacdo foi realizada da seguinte forma: 2uM de amostra de DNA extraido foi
usada na reagdo de PCR, perfazendo um volume total de 50pL. Uma mistura contendo trifosfato
de desoxinucleotideo (AINTPs) mistura (Life Technologies®, Carlsbad, CA, EUA) e MgCI2 (Life
Technologies®, Carlsbad, CA, EUA), além de 0,52 U Taq DNA Polimerase (Life
Technologies®, Carlsbad, CA, EUA) e 2uM de cada primer (Integrated DNA Technologies®,
Coralville, IA, EUA). Outro ensaio de PCR, para as amostras positivas na triagem, foi realizado

direcionado ao gene citocromo ¢ oxidase subunidade 1 (cox1), amplificando = 935 pb, usando o

78



79

protocolo modificado (temperatura alterada na segunda rodada para 52,3°C) descrito por
Corduneanu et al. (2017) e empregando-se os seguintes primers: Bab_Forl: (5'-ATW GGA TTY
TAT ATG AGT AT-3 '), Bab Revl: (5-ATA ATC WGG WAT YCT CCT TGG-3 ') para a
primeira rodada e Bab_For2: (5-TCT CTW CAT GGW TTA ATT ATG ATA T-3 '), Bab_Rev2:
(5'-TAG CTC CAA TTG AHA RWA CAA AGT G-3 ') para a segunda rodada. Agua ultrapura e
DNA de Rangelia vitalii (cao naturalmente infectado) foram usados como controles positivos e
negativos em todos os ensaios de PCR. Os produtos de PCR foram separados por eletroforese em
gel de agarose a 1% a 90 V/I50 mA por 60 min e corados com Blue Green Loading
(LCGBiotecnologia®, Cotia, SP, BR). Os resultados foram visualizados e analisados usando um

transiluminador de luz ultravioleta.

PURIFICACAO E QUANTIFICACAO OS PRODUTOS

Os produtos de PCR do gene 18S rRNA e Asp70 foram purificados com o kit comercial de
purificacio PCR PureLink ™ (Invitrogen, Carlsbad, CA, EUA) e para o gene coxl o Kit
comercial ExoSAP — IT PCR Product Cleanup Reagent), segundo as instru¢des do fabricante. A
quantificagdo foi realizada com o sistema de fluorescéncia Qubit (Invitrogen, Carlsbad, CA,

EUA), segundo as instrugdes do fabricante.

ANALISE MOLECULAR E FILOGENIA

Os produtos de PCR foram sequenciados com os primers relativos a cada gene (18S
rRNA, hsp70 e coxl), além de primers internos como apresentado na Tabela 2, para formar
uma sequéncia consenso, utilizando a versao 3.1 do kit BigDye Terminator Cycle Sequencing

em um ABI PRISM 3130 Genetic Analyzer (Applied Biosystems, Foster City, CA, EUA). As
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sequéncias obtidas de cada gene (18S rRNA, hsp70 e coxl) foram comparadas com as
sequéncias disponiveis no GenBank através do BLAST

(https://blast.ncbi.nlm.nih.gov/blast.cgi) para verificar a similaridade da amostra e confirmar a

identidade dos agentes detectados.

As sequencias obtidas foram alinhadas com outras sequéncias, selecionadas com base nas
sequencias dos dez clados de piroplasmas ja estabelecidos (JALOVECKA et al., 2019) para o
18S rRNA, no entanto, as arvores de 4sp70 e cox1 foram baseadas nas sequencias disponiveis
no GenBank. Para as arvores filogenéticas dos genes 18S rRNA e coxl, para o alinhamento das
sequéncias, foi utilizado o software Mafft versdo 7 (disponivel online:

https://mafft.cbrc.jp/alignment/server/) (KATOH; ROZEWICKI; YAMADA, 2019). O modelo

evolutivo (best-fit) foi selecionado usando o ModelFinder (KALYAANAMOORTHY et al.,
2017), com Bayesian Information Criterion (BIC). A constru¢do da arvore por inferéncia
Maiaxima Verossimilhanga (MV) foi realizada wusando o software W-IQ-Tree

(disponivel online: http://igtree.cibiv.univie.ac.at/) (TRIFINOPOULOS et al., 2016) com 1000

réplicas (ultrafast bootstrap) (HOANG et al., 2017). Para as duas arvores filogenéticas
baseadas no gene /8s rRNA, o modelo evolutivo selecionado foi TIM3+1+G4; para a arvore
filogenética baseada no gene cox/, o modelo evolutivo selecionado foi mtZOA+I+G4. A edigao
da arvore filogenética e o enraizamento (outgroup) foram realizados usando o software
Treegraph 2.0beta (STOVER; MULLER, 2010). As genealogias das sequéncias de
nucleotideos foram inferidas por analise Neighbor-net utilizando o programa Splitstree v4.11.3
(HUSON; BRYANT, 2006).

No entanto, para a arvore filogenética do gene Asp70, o alinhamento das sequéncias foi

realizado com o programa Clustal/W v.1.8.1 (THOMPSON; HIGGINS; GIBSON, 1994). Uma
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arvore filogenética de maxima verossimilhanga foi construida aplicando como modelo Kimura

de 2 parametros, por meio do software MEGA X (KUMAR; STECHER; TAMURA, 2018),

com 100 réplicas de bootstraps. O modelo de substitui¢ao foi selecionado pelo software MEGA

X (KUMAR; STECHER; TAMURA, 2018) de acordo com o menor BIC (Bayesian

Information Criterion). As espécies foram classificadas, em todas as arvores, em clado segundo

Jalovecka et al. (2019), a excecdo de Rangelia vitalii, que ndo ¢ mencionada neste estudo.

Tabela 2— Primers empregados para identificacdo molecular de Piroplasma em mao-peladas
(Procyon cancrivorus) de vida-livre.

Gene Primer Sequéncia (5°- 3”) Referéncia
I8STRNA  BABI143-167 CCGTGCTAATTGTAGGGCTAATACA SOARES et al., 2011
I8STRNA  BAB694-667 GCTTGAAACACTCTARTTTTCTCAAAG SOARES et al., 2011
18S rRNA Piro0F GCC AGT AGT CAT ATG CTT GTG TTA KAWABUCHLI, et al., 2005
18S rRNA PirolF CCA TGC ATG TCT WAG TAY AAR CTTTTA ~ KAWABUCHI, e al., 2005
18S rRNA Piro5.5 R CCT YTA AGT GAT AAG GTT CAC AAA ACT T KAWABUCHLI, et al., 2005
18S rRNA Piro6R CTC CTT CCT YTA AGT GAT AAG GTT CAC KAWABUCHLI, et al., 2005
18S rRNA Bab2 F2 CTT TGA GAA ATT AGA GTG TTT Produzido

hsp70* Fl CATGAA GCA CTG GCC HTT CAA SOARES, et al., 2011

cox1** Bab For 2 TCT CTW CAT GGW TTA ATT ATG ATA T CORDUNEANU A, et al., 2017

cox1#* Bab Rev2 TAG CTC CAA TTG AHA RWA CAAAGTG ~ CORDUNEANU A, et al., 2017

*gene proteina de choque térmico 70 ** gene citocromo c oxidase subunidade 1
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RESULTADOS

AMOSTRAGEM

Procyon cancrivorus #1 ao #4 apresentavam a analise macroscopica politraumatismo e
autdlise post-mortem grau 4 (acentuada). O animal P. cancrivorus #4 submetido a necropsia
apresentava dois exemplares machos de 4. aureolatum, os quais foram negativos na PCR para o
gene 18S rRNA. O animal #5, previamente encaminhado para atendimento clinico, foi submetido
a cirurgia de osteossintese mandibular e recebeu tratamento via oral com metronidazol e
amoxicilina, duas vezes ao dia, por cinco dias. Os valores de hemoglobina se mostraram
diminuidos no dia 0 (coleta para PCR) e dia 7 sendo respectivamente, 10,3 g/dL e 9,1 g/dL (valor
de referéncia: P. cancricorus (11,17 - 16,37 g/dL); P. lotor: (10,7 - 13,7 g/dL). No dia 18 (em
que foi realizada a coleta para esfregaco sanguinea) e nos demais dias se apresentou dentro dos
valores de referéncia. Os valores de plaquetas se mostraram dentro da normalidade em todos os
dias, com valores entre 325 - 612 x10%/uL, quando analisado com P. lotor (valor de referéncia:
310 - 630 x10°/uL). No entanto, se apresentou aumentados com relagdo aos valores da espécie

(P. cancricorus) (valor de referéncia: 0 - 125,81 x10°/uL; n=10 animais avaliados).

ANALISE MORFOMETRICA

O estudo morfométrico das formas intra-eritrocitdrias presentes nos esfregagos sanguineos
de P. cancrivorus #5 revelou inlimeras estruturas parasitdrias intraeritrociticas, inicas ou aos
pares, redondas a levemente ovoides, sendo raramente piriforme, cujos organismos geralmente
ocupavam uma posi¢do excéntrica no interior do citoplasma do eritrocito hospedeiro (Fig.3). Os
parasitas exibiam citoplasma palido a hialino, com halo azul claro na periferia. As formas

pequenas eram arredondadas, com média de comprimento maior 2,13um + 0,29um (intervalo:
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1,72 pm -2,62 um) (n = 16); a média do comprimento menor era de 1,67 um + 0,24 pum
(intervalo: 1,29um —2,07um) (n = 16). O nucleo excéntrico e um citoplasma basofilico palido ao

redor da periferia, com média 0,75 um + 0,22um (intervalo: 0,49 pm -1,20 um).

&3
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Figura 3 - Formas intra-eritrociticas de Piroplasmas em esfregagos sanguineos de Procyon cancrivorus, procedentes do Rio Grande do
Sul, Brasil. A: estruturas parasitdrias intraeritrociticas (setas), Unicas, arredondadas a ovais. Citoplasma de coloragdo palida e halo azul
claro na periferia. Coloragdo de Romanowsky, 1000x%. Barra, 10um. B: estruturas parasitarias intraeritrociticas (seta) arredondadas a
piriformes, em dupla forma de angulo obtuso. Coloracdo de Romanowsky, 1000%. Barra, 10um.
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ANALISE MOLECULAR E FILOGENIA

A PCR direcionada ao gene 18S rRNA revelou a presenca de DNA de piroplasmideo em
dois P. cancrivorus (#4 e #5 [40%;2/5]). A andlise BLAST da sequéncia de 18S rRNA do P.
cancrivorus #4 [fragmento de 767 pares de bases (pb)] mostrou uma similaridade de 97,53%
(query coverage = 100%) com Babesia sp. (GenBank: EF057099), detectado em tecidos de uma
lontra-comum (Lontra canadensis) nos Estados Unidos. Por sua vez, a sequéncia obtida em P.
cancrivorus #5 (fragmento de 1608 pb) teve uma similaridade de 99,75% (query coverage =

100%) com Babesia sp. (GenBank: MG682489) identificada em P. cancrivorus no Uruguai.

A amostra de P. cancrivorus #4 nao amplificou para andlise da PCR direcionado ao gene
cox1 e ndo foram obtidas boas sequéncias para o gene hsp70. Porém, para a amostra do P.
cancrivorus #5 foi obtida uma sequéncia de 539pb para o gene hsp70, no sentido iniciador
5' (forward), com uma homologia de 89,61% (query coverage = 100%) com Babesia odocoilei
(GenBank: L.C439619) detectada em cao doméstico no Japdo, além de similaridade de 88,27%
(query coverage = 99%) com Babesia gibsoni (GenBank: AB083510), também detectada em cdo
doméstico no Japdo. Para o gene coxl, a amostra #5 obteve um sequenciamento de 678pb e uma
similaridade de 88,47% (query coverage = 94%) com Babesia gibsoni (GenBank: AB685183),

detectada a partir de cultivo in vitro e obtida de cdo doméstico no Japao.

Para a andlise filogenética, duas arvores para o gene 18S rRNA foram construidas: uma
contendo apenas a sequéncia do P. cancrivorus #5, e outra com as duas sequéncias obtidas no
presente estudo. A primeira arvore, com base em um alinhamento de 1608 pb (Fig. 4), mostrou que
a sequéncia detectada em P. cancrivorus formou um taxon irmao fortemente apoiado (bootstrap:
100) com Babesia sp. relacionado ao P. cancrivorus (mao-pelada) no Uruguai e a mesma origem

do tdxon irmdo B. odocolei e B. divergens (bootstrap: 100%) isoladas de cervos nos Estados
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Unidos e Babesia sp. de guaxinim (Procyon lotor), ambos ramificados juntos no clado Babesia
sensu stricto (Clade X) (JALOVECKA et al., 2019). Na segunda arvore, além do P. cancrivorus
#5, a amostra P. cancrivorus #4 foi incluida com base em um alinhamento de 767pb (Fig. 3), as
sequéncias de Babesia sp. detectadas agruparam em clados diferentes. Babesia sp. #4 se enquadrou
no Clado I, do grupo de Babesia microti, agrupado monofileticamente com a sequéncia de 18S

rRNA de duas B. microti isoladas de P. lotor (bootstrap suporte = 51%) (Fig. 5).
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Babesia gibsoni (KC461261)
93 — Babesia Procyon lotor - Japan (AB251609)
— Babesia sp. Procyon lotor - Japan (AB251611)
100E Babesia vogeli (AY371196)
Babesia canis (AY072926)
Babesia maned wolf (KRO17880)
Lm Babesia sp. domestic dog (AY190123)
S0 81 B4 Babesia Procyon lotor - Japan (AB251608)
100— Babesia odocoilei (U16369)
17 Babesia divergens (U16370) Clade X
100 Babesia sp. Procyon cancnvorus - Urugay (MG682489) Babesia sensu stricto
] — A\ Babesia sp. - #5 Procyon cancrivorus
Babesia sp. Procyon lotor - USA (DQ028958)
Babesia caballi (AY309955)

100 83 — Babesia bigemina (HQ840960)

61

a7 Babesia major (EU§22907)
ol L OOE Rangelia vitalii (KF21 8605)} Clade X
- Rangelia vitalii (KF218606) ) Babesia sensu stricto®
100 — Babesia ovis (AY533146)
Babesia bovis (JX495403)
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Figura 4 - Arvore de méaxima verossemelhanga das sequéncias de nucleotideos do gene 18S
rRNAdo de Babesia sp, utilizado o modelo ModelFinder, (1825) sitios informativos com gaps.
Cardiosporidium cionae foi usado como outgroup. Em destaque Babesia sp. de Procyon
cancrivorus #5 (indicada em negrito e com triangulo). Apenas valores de bootstrap (1000 réplicas)
> 50 foram mostrados. Os numeros entre parénteses sao numeros de acesso do GenBank.
Classificacao segundo JALOVECKA et al., 2019.* conforme SOARES et al., 2011.
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Figura 5 — Arvore de maxima verossemelhanga das sequéncias de nucleotideos do gene 18S
rRNAde Babesia sp, utilizado o modelo ModelFinder, (849) sitios informativos com gaps.
Cardiosporidium cionae foi usado como outgroup. Em destaque Babesia sp. de Procyon
cancrivorus #4 e #5 (indicada em negrito e com triangulo). Apenas valores de bootstrap (1000
réplicas) > 50 foram mostrados. Os nimeros entre parénteses sdo numeros de acesso do
GenBank. Classificagdo segundo JALOVECKA et al., 2019.* conforme SOARES et al., 2011.
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Na analise filogenética do gene Asp70, Babesia sp. identificada em P. cancrivorus #5 foi

colocada em um clado irmao (bootstrap = 30%) com a sequéncia de Babesia gibsoni obtida em

cao doméstico no japao e fortemente apoiado (bootstrap = 100%) com o clado X, pertencente ao

clado das Babesias sensu stricto (Fig.6)
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100 lBabesia rodhaini (AB103587)
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Rangelia vitalii JF279603)
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_/

Clado X - Babesia sensu stricto ™

Theileria cervi (AB248743)

Theileria sergenti (D12692)

3 — Theileria parva (U40190)

Clado VIII - Equus group

Clado I - B. microti-like

Clado IV - Theileria sensu stricto

% {Theii@na armulata (AB243746)
8

Figura 6 — Arvore de maxima verossemelhanca das sequéncias de nucleotideos do gene Asp70
de Babesia sp, utilizado o modelo Kimura de 2 pardmentro, (539) sitios informativos.
Plasmodium falciparum foi usado como outgroup. Em destaque Babesia sp. de Procyon
cancrivorus #5 (indicada em negrito e com tridngulo). Apenas valores de bootstrap (100
réplicas) > 50 foram mostrados. Os nimeros entre parénteses sdo numeros de acesso do
GenBank. Classificagdo segundo JALOVECKA et al., 2019.* conforme SOARES et al., 2011.
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Na andlise filogenética do gene cox1 de Babesia sp. identificada em P. cancrivorus #5
(Fig.7), formou um tdxon irmdo com a sequéncia de Babesia sp. isolada de veado-vermelho
(Cervus elaphus) da Republica Checa (bootstrap = 90%) e com a mesma origem do grupo
formados por Babesias hospedeiras do canino doméstico, ambos ramificados juntos no clado

Babesia sensi stricto (Clade X).
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Clade IX - Theileria sensu stricto

97

} Clade lll - Western group

} Clade | - Babesia microti group

F
igura 7 — Arvore de maxima verossemelhanga das sequéncias de aminoacidos do gene coxl de
Babesia sp, utilizado o modelo ModelFinder, (221) sitios informativos. Plasmodium falciparum
foi usado como outgroup. Em destaque Babesia sp. de Procyon cancrivorus #5 (indicada em
negrito e com tridngulo). Apenas valores de bootstrap (1000 réplicas) > 50 foram mostrados. Os

niameros entre parénteses sdo numeros de acesso do GenBank. Classificagdo segundo
JALOVECKA et al., 2019.* conforme SOARES et al., 2011.
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DISCUSSAO

Este ¢ o primeiro relato no Brasil do parasitismo por Babesia sp. em P. cancrivorus. Os
unicos estudos do filo Apicomplexa nessa espécie evidenciaram a detec¢ao de Toxoplasma gondii
em animais de vida-livre (RICHINI-PEREIRA et al., 2016) e Hepatozoon procyonis em animais
de cativeiro no Brasil (RODRIGUES; DAEMON; MASSARD, 2007). Ao levantar a ocorréncia de
piroplasmideo relacionado a procionideos, o Unico registro no Brasil ¢ Theileria sp. em quati
(Nasua nasua) no estado de Mato Grosso do Sul (SOUSA et al., 2018). Por sua vez, Babesia sp.
foi recentemente detectada em P. cancrivorus no Uruguai (THOMPSON et al., 2018), assim como
em outras espécies de procionideos, como P. lotor no Japao (KAWABUCHI et al., 2005; JINNAI
et al., 2009), Estados Unidos (BIRKENHEUER et al., 2006) e Costa Rica (MEHRKENS et al.,
2013), enquanto B. microti foi identificada no Japao e nos Estados Unidos (KAWABUCHI et al.,
2005; BIRKENHEUER et al., 2008; CLARK et al., 2012).

Organismos do género Babesia sdo transmitidos por carrapatos (SCHNITTGER et al.,
2012). Os ixodideos mais frequentemente econtrados em P. cancrivorus no Brasil sdo: A.
aureolatum, A. sculptum e A. ovale (LABRUNA et al., 2005). No Uruguai, 4. aureolatum foi o
unico carrapato detectado na espécie (VENZAL et al., 2003), assim como no presente estudo. No
entanto, ndo foi detectada a presenca de DNA de Babesia spp. em quaisquer dos carrapatos
recuperados de P. cancrivorus nesse trabalho. Ainda assim, A. aureolatum poderia estar
relacionado a transmissdo de piroplasmas em P. cancrivorus, uma vez que ¢ comprovadamente
envolvido na transmissdo de R. vitalii para o cdo doméstico (SOARES et al., 2018).

A amostra de sangue periférico de P. cancrivorus #5 possibilitou a visualizacdo das
estruturas parasitarias ao esfregaco sanguineo, as quais foram classificadas como pequenas

babesias com base na morfologia das formas (1 - 2,5 um de comprimento) e da orientacdo do
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parasita no eritrdcito, visto que pequenas babesias formam um angulo obtuso entre si (LAHA
2015). Além disso, a morfologia e dimensdes observadas no presente estudo sdo proximas dos
parametros atribuidos a B. gibsoni, a qual apresenta medidas de 1,2 x 1,9 um (KUTTLER, 1988).
No momento da coleta de sangue periférico (18 dias pdscirurgia), o animal #5 apresentava valores
de hemoglobina dentro dos parametros fisiologicos (TEIXEIRA; AMBROSIO, 2007; DENVER,
2003), porém, no momento da coleta para a realizacdo a PCR (dia 0), assim como no dia 7, os
niveis de hemoglobina estavam levemente diminuidos, o que possivelmente estd relacionado ao
atropelamento e traumatismos associados com perda de sangue consideravel. Adicionalmente, a
contagem de plaquetas estava acima do valor de referéncia para P. cancrivorus (TEIXEIRA;
AMBROSIO, 2007), no entanto esses valores sdo baseados em poucos exemplares da espécie,
visto que quando os valores sd3o analisados e comparados com os estabelecidos como referéncia
para P. lotor, procionideo da América do norte proximo a P. cancrivorus, nao ha anormalidade dos
valores de referéncia no momento da coleta.

A andlise molecular detectou duas amostras (P. cancrivorus #4 e #5) positivas para o gene
de Babesia spp.. Filogeneticamente, as espécies de Babesia encontradas enquadraram-se em clados
distintos, as quais resultaram em duas espécies geneticamente diferentes de piroplasmas. Babesia
sp. obtida de P. cancrivorus #5 agrupou-se em todas arvores filogenéticas (genes 18S rRNA,
hspT70 e cox1) no clado X - grupo Babesia sensu stricto. Uma caracteristica desse clado ¢ a
reproducdo através de merogonia (JALOVECKA et al., 2019), a qual foi visualizada em eritrocitos
do sangue periférico. A filogenia dessa pequena espécie de Babesia sp. apontou alta similaridade
com Babesia sp. detectada em P. cancrivorus no Uruguai (THOMPSON et. al., 2018). Além disso,
a histodria filogenética para o gene 18S rRNA mostrou que a espécie , detectada neste estudo (#5),
tem a mesma origem do tdxon irmdo Babesia odocolei detectada em cervideos, Alce (Cervus

elaphus canadensis) e Veado-de-cauda-branca (Odocoileus virginianus) e B. divergens. (GenBank:
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U16369 e U16370) De forma similar, a andlise do gene cox1 agrupou fortemente a sequéncia
obtida com Babesia sp. obtidas de um cervideo, Veado-vermelho (Cervus elaphus) (GenBank:
MG344930). Esses resultados coincidem com a mesma origem da Babesia sp. encontrada no mao-
pelada no Uruguai (THOMPSON et. al., 2018), o que reforga a ideia de que a espécie encontrada
em P. cancrivorus no sul do Brasil ¢ a mesma relatada no Uruguai.

Por outro lado, a segunda espécie de Babesia sp. encontrada no P. cancrivorus #4 agrupou-
se filogeneticamente através da analise do gene 18S rRNA com B. microti detectado em P. lotor
(guaxinim) do Japdo e dos Estados Unidos, pertencente ao clado I- grupo de B. microti
(JALOVECKA et al., 2019). Este estudo ¢ um dos poucos registros de Babesia do clado microti,
um grupo de importancia zoondtica, no Brasil. Frequentemente, essa espécie ¢ relatada em
guaxinins (P. lotor), o qual € parente proximo do mao-pelada (P. cancrivorus) (KAWABUCHI et
al., 2005; BIRKENHEUER et al., 2008; CLARK; SAVICK; BUTLER, 2012). Porém, no Brasil a
literatura relata um tnico caso de gato-dos-pampas (Leopardus pajeros) que retrata uma Babesia
sp. geneticamente proxima de Babesia leo (ANDRE, et. al, 2011), que agrupou e pertence ao
Clado Babesia microti (PENZHORN, et. al., 2001; SCHREEG, et al., 2016). A detecgdo da
Babesia sp. do clado B. microti em P. cancrivorus reforga o alerta para a importancia de estudos
de piroplasmideos em animais silvestres, pois alguns representantes desse clado sdo possivelmente
associados a zoonoses (CAMACHO et al., 2004; HUNFELD; HILDEBRANDT; GRAY, 2008;

VANNIER; GEWURZ; KRAUSE, 2008).
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CONCLUSAO

O presente trabalho detectou Babesia spp. pela primeira vez em mao-peladas (P.
cancrivorus) de vida livre no Brasil. Duas espécies geneticamente distintas de piroplasmas foram
encontradas: uma pequena Babesia sp. ja detectada em P. cancrivorus do Uruguai, pertencente ao
clado X — grupo Babesia sensu stricto foi identificada, e outra Babesia sp., que se enquadrou no
clado I- grupo de Babesia microti, pertencente a potenciais genodtipos zoonoticos. A
patogenicidade desses hemoparasitos ainda ¢ desconhecida e mais estudos sdo necessarios para

estabelecimento de potenciais riscos na espécie.
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6. CONSIDERACOES FINAIS

Os dados obtidos demonstram que R. vitalii circula na populagdo silvestre de C. thous no Uruguai.
Os resultados aqui apresentados permitem concluir que tanto em caninos domésticos como
silvestres (C. thous), Rangelia vitalii possivelmente se mantém de forma assexuada (merogonia),
os orgdos (bago, medula dssea e sangue) tiveram resultados semelhantes os dois canideos.

O sistema nervoso central apresentou uma taxa semelhantetambém dos ntimeros de copias do gene
hsp 70 de Rangelia vitalii em canideos domésticos e silvestres.

C. thous provavelmente desenvolva uma fase esquizogonica limitada e/ou de curta duracdo, o que
conferiria a0 mesmo o possivel cardter de reservatorio do agente, em contrapartida com o cdo, um
provavel hospedeiro acidental. O numero de copias do gene hsp 70 de Rangelia vitalii, foi
significativamente maior em cdes domésticos nos sistemas digestivo, cardiorrespiratorio,
endocrino, geniturinario e musculo esquelético quando comparados com C. thous;

Duas espécies geneticamente distintas de piroplasmas foram encontradas pela primeira vez em
mao-peladas (P. cancrivorus) de vida livre no Brasil. Uma pequena Babesia sp. ja detectada em P.
cancrivorus do Uruguai, pertencente ao clado X - Babesia sensu stricto e outra Babesia sp., que se
enquadrou em um grupo mais basal do clado I- Babesia microti grupo, pertence a potenciais

gendtipos zoonoticos.
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