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DETECCAO E CARACTERIZACAO MOLECULAR DE AGENTES
ANAPLASMATACEAE EM XENARTHRA NO BRASIL

RESUMO - Os agentes Anaplasmataceae sao a-proteobactérias Gram-negativos
intracelulares obrigatérias que sado transmitidos principalmente por vetores
artropodes. Embora os mamiferos da Superordem Xenarthra (preguicas, tamandués
e tatus) tenham sido implicados como reservatérios de varios agentes zoondéticos,
apenas poucos estudos procuraram detectar agentes Anaplasmataceae neste grupo
de mamiferos. Este estudo teve por objetivo investigar a ocorréncia e diversidade
genética de Anaplasma spp. e Ehrlichia spp. em amostras de sangue e baco de
Xenarthra de vida livre de quatro estados no Brasil (Sdo Paulo, Mato Grosso do Sul,
Rondbnia, e Parad). Foram efetuados ensaios de triagem por meio de nPCR e cPCR
para detectar os genes rrs e dsb de Anaplasma spp. e Ehrlichia spp., respectivamente.
Os ensaios foram positivos em 27,57% (91/330) para Anaplasma spp. e 24,54%
(81/330) para Ehrlichia spp. Das 91 amostras positivas para Anaplasma spp., 56,04%
foram positivas num ensaio de PCR convencional visando a regido intergénica 23S-
5S. Andlises filogenéticas e de distancia baseadas no gene rrs alocaram as
sequéncias de Anaplasma de preguicas (Bradypus variegatus, Bradypus sp.,
Choloepus spp. e C. didactylus) capturadas nos estados de Rondbnia e Pard em um
anico clado, que estava estreitamente relacionado com o clado de A. marginale, A.
ovis, e A. capra. As sequéncias detectadas nos tamanduas-mirins (Tamandua
tetradactyla) de S&o Paulo foram alocadas em um clado filogeneticamente relacionado
com as sequéncias de Anaplasma spp. detectadas em Nasua nasua, Leopardus
pardalis, e Cerdocyon thous no Brasil. Estas sequéncias foram posicionadas perto das
sequéncias de A. odocoilei. A andlise do genoétipo corroborou as descobertas
anteriores e demonstrou a circulacao de dois gendétipos distintos de Anaplasma em
animais do norte e sudeste do Brasil. O primeiro gendtipo era novo. O segundo foi
previamente detectado em N. nasua, no estado de Mato Grosso do Sul. As analises
da regido intergénica também demonstraram dois genétipos distintos de Anaplasma.
As sequéncias detectadas em Xenarthra dos estados do Pard e Ronddnia estavam
relacionadas com as de A. marginale, A. ovis, e A. capra. Enquanto que as sequéncias
de Anaplasma spp. detectadas em Xenarthra de Sdo Paulo foram alocadas em um
clado irmao ao de A. phagocytophilum. As analises baseadas no gene dsb agruparam
as sequéncias de Ehrlichia spp. de Sdo Paulo, Mato Grosso do Sul, e Par4d com
sequéncias de E. canis e as de Rondbnia e Para com E. minasensis. Os dados
indicam a ocorréncia de E. canis e E. minasensis e duas possiveis novas espécies de
Anaplasma spp. em mamiferos de vida livre da Superordem Xenarthra no Brasil.

Palavras-chave: Anaplasma spp., diversidade genética, Ehrlichia spp., preguicas,
tamanduas, tatus



MOLECULAR DETECTION AND CHARACTERIZATION OF
ANAPLASMATACEAE AGENTS IN XENARTHRA FROM BRAZIL

ABSTRACT - Anaplasmataceae agents are obligatory intracellular Gram-negative a-
proteobacteria that are transmitted mostly by arthropod vectors. Although mammals of
the Superorder Xenarthra (sloths, anteaters, and armadillos) have been implicated as
reservoirs for several zoonotic agents, only few studies have sought to detect
Anaplasmataceae agents in this group of mammals. This study aimed to investigate
the occurrence and genetic diversity of Anaplasma spp. and Ehrlichia spp. in blood
and spleen samples of free-living Xenarthra from four different states in Brazil (S&o
Paulo, Mato Grosso do Sul, Rondénia, and Pard). Nested and conventional PCR
screening assays were performed to detect the rrs and dsb genes of Anaplasma spp.
and Ehrlichia spp., respectively. The assays were positive in 27.57% (91/330) of the
Anaplasma spp. and 24.54% (81/330) of the Ehrlichia spp. Of the 91 positive
Anaplasma spp. samples, 56.04% were positive in a conventional PCR assay targeting
the 23S-5S intergenic region. Phylogenetic and distance analyses based on the rrs
gene allocated Anaplasma sequences from sloths captured in Rondénia and Para
states in a single clade, which was closely related to the A. marginale, A. ovis, and A.
capra clades. The sequences detected in southern anteaters from Sao Paulo were
allocated in a clade closely related to sequences of Anaplasma spp. detected in Nasua
nasua, Leopardus pardalis, and Cerdocyon thous in Brazil. These sequences were
positioned close to A. odocoilei sequences. Genotype analysis corroborated previous
findings and demonstrated the circulation of two distinct Anaplasma genotypes in
animals from north and southeast Brazil. The first genotype was new. The second was
previously detected in N. nasua in Mato Grosso do Sul state. The intergenic region
analyses also demonstrated two distinct genotypes of Anaplasma. The sequences
detected in Xenarthra from Para and Ronddnia states were closely related to those in
A. marginale, A. ovis, and A. capra. Anaplasma spp. sequences detected in Xenarthra
from Sao Paulo and were allocated close to those in A. phagocytophilum. The analyses
based on the dsb gene grouped the Ehrlichia spp. sequences with sequences of E.
canis (Sao Paulo, Mato Grosso do Sul, and Para) and E. minasensis (Ronddnia and
Pard). The data indicate the occurrence of E. canis and E. minasensis and two possible
new Candidatus species of Anaplasma spp. in free-living mammals of the Superorder
Xenarthra in Brazil.

Keys words: Anaplasma spp., genetic diversity, Ehrlichia spp., sloths, anteaters,
armadillos
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CAPITULO 1 — CONSIDERACOES GERAIS

1. INTRODUCAO

Doencas transmitidas por vetores artropodes representam 22,8% das doencgas
emergentes atuais (Zanella, 2016). As mudancas climaticas, ambientais e ecoldgicas,
favorecem a ruptura de ciclos de microrganismos naturalmente estabelecidos e a
consequente emergéncia de enfermidades, bem como a expansao da distribuicio de
vetores e maior aproximacgdo da fauna selvagem com animais domeésticos e seres
humanos. Como consequéncia, verifica-se uma maior interacdo entre reservatorios,
vetores e hospedeiros susceptiveis, acarretando em graves problemas a saude
publica e animal (Shaw et al., 2001; André, 2018).

A familia Anaplasmataceae (géneros Ehrlichia, Anaplasma, Neorickettsia,
Wolbachia e ‘Candidatus Neoehrlichia’) € composta por bactérias Gram-negativas
intracelulares obrigatérias que formam agregados (morulas) em vacuolos
intracitoplasméticos de neutrdéfilos, mondcitos, macréfagos, plaquetas e células
endoteliais de mamiferos, a depender da espécie. Tais agentes sdo transmitidos, em
sua maioria, por artropodes, principalmente carrapatos, e podem causar doencas em
humanos e animais (Dumler et al., 2001; Inokuma et al., 2001; Aguiar et al., 2014).

Esses agentes sdo responsaveis por trés zoonoses de grande importancia,
sendo: erliguiose monocitica humana causada por E. chaffeensis, erliquiose
granulocitica por E. ewingii e anaplasmose granulocitica humana por A.
phagocytophilum (Karbowiak et al., 2016). Ademais, outras espécies ja foram
detectadas em humanos com sintomatologia, a saber: E. canis, E. ruminantium, E.
muris, A. platys, ‘Candidatus Neoehrlichia mikurensis’ (Anderson et al, 1991; Perez,
1996; Buller et al., 1999; Louw et al., 2005; Bouza-Mora et al., 2007; Wellinder-Olsson,
et al., 2010; Yabsley, 2010; Pritt et al., 2011; Maggi et al., 2013; Alvarado et al., 2014;
Lynn et al., 2017). Os principais sintomas descritos sao febre, dores de cabeca,
mialgia, erupgdes cuténeas, dor abdominal, vomito, diarreia, sinais neurologicos e

faléncia de 6rgdos em casos mais graves. Os achados laboratoriais consistem em



trombocitopenia, leucopenia, neutrofilia e elevacdo nos niveis de transaminases
hepéticas (Doudier et al., 2010; Ismail et al., 2010).

No Brasil, varios genotipos de Anaplasma spp. e Ehrlichia spp. vém sendo
detectados em diferentes espécies de animais selvagens como cervideos (Machado
et al., 2006; Picoloto et al., 2010; Sacchi et al, 2012; Silveira et al., 2012, 2013, 2014;
Mongruel et al., 2016), canideos (André et al., 2012; Almeida et al., 2013; de Sousa et
al., 2017); felinos (André et al., 2010; 2012; Widmer et al., 2011), quatis (de Sousa et
al., 2017); roedores (Wolf et al., 2016; Benevenute et al., 2017; de Sousa et al., 2017,
Braga et al., 2018), caititus e queixadas (Soares et al., 2017), gambés (Lopes et al.,
2018) e aves (Machado et al., 2012; Werther et al., 2017).

A Superordem Xenarthra compreende um grupo monofilético de mamiferos
originarios da América do Sul. E composta por duas ordens, Cingulata e Pilosa, cuja
sinapomorfia compreende a presenca de articulagdes adicionais entre as vértebras
lombares (Glass, 1985). A ordem Cingulata, composta pela familia Dasypodidae,
representada pelos tatus, € caracterizada pela presenca de osteodermos. A ordem
Pilosa, por sua vez, engloba animais com pelagem densa e auséncia ou pouco
desenvolvimento de dentes, abrangendo quatro familias: Bradypodidae (preguicas-
de-trés-dedos), Megalonychidae (preguicas-de-dois-dedos), Cyclopedidae
(tamanduai) e Myrmecophagidae (tamanduas) (Gardner, 2005). Tais mamiferos estao
distribuidos do Centro sul da América do Norte até o sul da América do Sul, sendo
encontrados em todos os biomas no Brasil (Reis, 2006).

E sabido que mamiferos da Superordem Xenarthra, principalmente tatus, sdo
reservatorios de inumeros agentes zoonoéticos, tais como Trypanosoma cruzi,
Leishmania spp., Toxoplasma gondii e Mycobacterum leprae (Kluyber, 2016). Porém,
raros sao o0s estudos que buscaram investigar a ocorréncia de agentes transmitidos
por carrapatos neste grupo de animais. Até o momento, Anaplasma marginale foi
detectado em um tamandua-bandeira (Myrmecophaga tridactyla) na Argentina
(Guillemi et al., 2016) e um novo gendtipo de Ehrlichia sp. relacionado a E.
ruminantium foi encontrado em uma preguica preguica-de-trés-dedos (Bradypus
tridactylus) no estado do Para (Soares et al., 2017). Em vista disso, o presente estudo

teve como objetivo investigar a ocorréncia e a diversidade genética de Anaplasma



spp. e

Ehrlichia spp. em mamiferos da Superodem Xenarthra amostrados em quatro

diferentes estados brasileiros.

2.

2.1.

OBJETIVOS

Geral

O presente estudo teve como objetivo investigar a ocorréncia molecular e a

diversidade genética de agentes dos géneros Ehrlichia spp. e Anaplasma spp. em

preguicas, tamanduds e tatus de vida livre capturados nos estados de Rondonia, Paré,

Mato Grosso do Sul e Sédo Paulo.

2.2.

3.

3.1.

Especificos
Investigar a presenca e quantificar o DNA de bactérias da familia
Anaplasmataceae (Ehrlichia spp. e Anaplasma spp.) em amostras de sangue
de preguicas e sangue/tecidos de tamanduds e tatus de vida livre nos estados
de Rondonia, Para, Mato Grosso do Sul e Sao Paulo;
Investigar a presenca de DNA das espécies E. canis, E. chaffeensis e A.
phagocytophilum, por meio de ensaios de PCR em tempo real quantitativa
especificos baseados nos genes dsb, vipt e msp-2, respectivamente;
Caracterizar molecularmente as amostras positivas com base em ensaios de
PCR convencional baseados nos genes 16S rRNA, groEL, gltA, sodB e omp-1
e da construcdo de arvores filogenéticas;
Analisar o nimero e a diversidade de genétipos de Ehrlichia spp. e Anaplasma
spp. detectados em amostras biolégicas de mamiferos da Superordem

Xenarthra.

REVISAO DE LITERATURA

Superordem Xenarthra



A Superordem Xenarthra compreende espécies de preguicas, tamanduas e
tatus, com origem no Hemisfério Sul (Gondwana) ha cerca de 100 milhdes de anos
atras (m.a.) (Delsuc et al., 2004; Murphy et al., 2007; Moraes-Barros e Arteaga, 2015).
Apesar de fosseis ja terem sido encontrados no Eoceno da Antartica (Vizcaino e
Scillato-Yané, 1995), Eoceno da Europa (Storch e Richter, 1992), Paleoceno da Asia
(Storch e Richter, 1992) e Paleoceno da Australia (Simpson, 1980), esse grupo de
animais se estabeleceu na América do Sul.

Durante o periodo Terciario, os mamiferos Xenarthra que habitavam a América
do Sul passaram por um periodo consideravel de radiacao evolutiva (Simpson, 1980).
Apos a formacao do Istmo do Panama, um corredor terrestre que uniu a Ameérica do
Norte com a do Sul por volta de 3 m.a., esses animais puderam se dispersar para o
Norte do continente. Esse periodo ficou conhecido como Grande Intercambio Biotico
Americano (GABI), que possibilitou a migracdo de mamiferos Xenarthra e Marsupilia
para a América do Norte, assim como de animais das familias Cervidae, Felidae,
Tapiridae, Ursidae e Gomphotheriidae para a América do Sul (Webb, 1985; Tonni et
al., 1992; Carlini et al., 2008).

Mamiferos Xenarthra conseguiram se estabelecer de forma eficaz na América
do Norte. Autores sugerem que, devido ao fato de tais animais serem capazes de se
alimentar de diferentes partes das plantas, incluindo partes de baixo valor nutricional,
houve uma diminuicdo da competicdo por alimentos com herbivoros nativos.
Adicionalmente, a grande diversidade do grupo evitou a concorréncia ecolégica entre
0os membros da prépria Superordem. Porém, a taxa de radiacdo ou diversificacao foi
menor em relacéo a que ocorreu na América do Sul (McDonald et al., 2005).

Autores sugerem que a diversificacdo de mamiferos Xenarthra foi influenciada
pela elevacdo andina e pela flutuacdo do nivel do mar no Cenozdico. Para Delsuc et
al., 2004, a diversificacdo dos tamanduas e tatus no Eoceno, a radiacédo das preguicas
e Tolypeutinae, a diversificacdo dos Euphractine e a divisao dos Dasypus no Mioceno
ocorreram devido a crise tectdnica andina.

Até o Pleistoceno, foram reconhecidos 218 géneros de Xenarthra (McKenna e
Bell, 1997; Moraes-Barros et al., 2015). Porém, uma extingio em massa ocorreu no
final desse periodo, ocasionando a queda da diversidade do grupo e o



desaparecimento de vérias espécies, principalmente aqueles animais de grande porte
(Koch e Barnosky, 2006).

Atualmente, a Superordem Xenarthra € dividida em duas ordens: Cingulata e
Pilosa. A primeira é caracterizada pela presenca de osteodermos e composta por uma
Unica familia (Dasypodidae), que compreende tatus. Ja a segunda engloba animais
com pelagem densa e auséncia ou pouco desenvolvimento dos dentes. E composta
por quatro familias, a saber. Bradypodidae (preguicas-de-trés-dedos),
Megalonychidae  (preguicas-de-dois-dedos), Cyclopedidae (tamanduai) e
Myrmecophagidae (tamandués) (Gardner, 2005). No total, sdo reconhecidas 38
espécies, sendo: seis, dez e 22 de preguicas, tamanduds e tatus, respectivamente
(ASASG, 2020), distribuidas do centro-sul da América do Norte ao Sul da América do
Sul (Gardner, 2005). No Brasil, ocorrem 23 espécies distribuidas por todos os biomas
do pais.

Os mamiferos que abrangem esse grupo possuem diferentes habitos
locomotores, alimentares e ecolégicos. Como consomem alimentos com baixo teor
energético, apresentam baixo metabolismo e baixa temperatura corporea,
caracteristicas estas que influenciam diretamente na area de vida e no padrédo de
atividade desses animais. As preguicas possuem habitos solitarios, com excecdo no
periodo de acasalamento e cuidados com os filhotes (Queiroz, 1995). S&o folivoras e
arboricolas, passam a maior parte do tempo em repouso na copa das arvores,
descendo para o solo apenas para defecar (intervalos de 8 dias para B. variegatus) e
para deslocamento em areas abertas, uma vez que em areas florestais o
deslocamento é realizado nas extremidades de galhos e lianas (Montgomery e
Sunquest, 1975; Cassano, 2006). Membros da familia Mymercophagidae, composta
pelo tamandua-bandeira (M. trydactyla) e tamandu&-mirim (Tamandua tetradactyla)
possuem habitos solitarios e sdo mimercéfagos. O tamandua-bandeira, possui habitos
terrestres e apenas um periodo de atividade durante o dia, o qual juntamente com a
escolha do habitat, variam de acordo com a temperatura do ambiente e estagdo. Em
temperaturas de 17 a 27°C ha maior preferéncia por areas de baixa cobertura vegetal
(savanas e campos) e em frio ou calor extremo ha preferéncia por areas florestais.
Ainda, em estacdes mais quentes a atividade é mais noturna e no inverno é diurna

(Alves e Mourédo, 2006; Braga, 2010; Bertassoni, 2017). Por sua vez, o tamandua-



mirim, possui habito diurno, crepuscular ou noturno a depender do local. Sdo animais
escansoriais, predominantemente arboricola, mas com descidas ao solo para
alimentacéo e deslocamento. Em periodos de inatividade eles se abrigam em ocos de
arvores ou tocas produzidas por outros animais (Rodrigues et al., 2001; Rodrigues e
Marinho, 2003; Gardner, 2008; Catapani, 2014). Ja os tamanduais (Cyclopedidae) sdo
exclusivamente arboricolas e noturnos (ASASG, 2020). Os tatus formam o grupo mais
diverso dos Xenarthra, sdo solitarios, com habitos principalmente noturnos, com
excecao de algumas espécies pertencentes ao género Euphractus, as quais sao mais
diurnas (Redford e Wetzel, 1985; Emmons, 1997). S&o animais escavadores, de
grande importancia para a estruturacdo e manutencdo da comunidade local, uma vez
gue as tocas produzidas por eles podem servir de refagio para outros animais (Kinlaw,
1999; Uribe, 2004). Possuem preferéncia por areas abertas, com arvores e arbustos,
bordas de floresta e florestas (Redford e Wetzel, 1985; Emmons e Feer, 1997; Trolle,
2003; Medri, 2008). Em relacdo aos habitos alimentares, sao classificados em quatro
categorias: carnivoros/onivoros que se alimentam de matéria vegetal e animal
(Chaetophractus spp., Euphractus spp., Zaedys spp.); insetivoros generalistas
fossoriais e terrestres (Chlamuphorus spp. e Dasypus spp., respectivamente), os
quais alimentam-se de insetos e matéria vegetal; e insetivoros especialistas, 0s quais
se alimentam de cupins e formigas (Priodontes spp., Cabassous spp., Tolypeutes
spp.) (Redford, 1985).

Hé& muitas incertezas acerca da filogenia dessa Superordem, devido a raridade
de algumas espécies e falta de dados acerca das delimitacdes e distribuicbes de
alguns desses animais (Superina et al., 2014). Adicionalmente, a posi¢cdo exata desse
grupo dentro da filogenia dos placentarios € controversa. A hipotese de que se trata
de um grupo monofilético é suportada por caracteres morfoldgicos e moleculares
(Engelmann, 1985; Gaudin, 1999; Delsuc et al., 2001, 2004). As principais
caracteristicas morfologicas sdo a presenca de articulacoes adicionais entre as
vértebras lombares com fuséo das vértebras sacrais, costelas esternais ossificadas,
0Sso septomaxilar no nariz e dentes homodontes (Piveteau and Dechaseaux, 1958;
Glass, 1985; Rose, 2006).

Andlises filogenéticas baseadas no gene mitocondrial de 31 espécies de

Xenarthra (Figura 1) mostraram que tatus sdo 0sS animais mais antigos e mais



diversificados dentro dessa Superordem. A separacdo entre as duas ordens
(Cingulata e Pilosa) ocorreu ha aproximadamente 67,7 milhdes de anos. Por outro
lado, preguicas e tamanduas separaram-se ha 58,5 m.a. Adicionalmente, demonstrou-
se que a fase de maior especiacdo do grupo ocorreu ha 10-15 m.a., durante um
periodo de resfriamento intenso que, juntamente com a corrente circumpolar Antértica
e a Ultima fase da elevagéo andina, promoveu aridez na América do Sul e consequente
formacéo dos biomas secos (Caatinga, Cerrado, Chaco e Pampas). Por fim, por meio
de analises biogeograficas, verificaram que as regides Pan-Amazoénica e de Mata
Atlantica foram o berco da evolugéo dos Xenarthra durante o Pale6geno (Gibbi et al.,
2016).
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Figura 1. Escala de tempo molecular com andlise Bayesiana para todas as espécies existentes de Xenarthra.
Barras de nés brancas indicam incerteza em torno das estimativas de idade com 95% de intervalo de
credibilidade. Barras de nds pretas indicam nds usados como restricdes de calibracdo a priori. Linhas verticais
delimitam os principais periodos geolégicos do Cenozbico seguindo a Escala de Tempo Geoldgico de 2012
da Sociedade Geoldgica da América. E = early; M=middle; L = late; Pli. = Plioceno; P. = Pleistoceno. Fonte:
adaptado de Gibb et al. (2016).



De acordo com a lista vermelha de espécies ameacgadas da IUCN (International
Union for Conservation of Nature), as espécies Cabassous chacoensis (Tatu-de-rabo-
mole-do-Chaco), Dasypus hybridus (Tatuira), Dasypus sabanicola (Tatu-das-
savanas), Tolypeutes matacus (Tatu-bola) e Zaedyus pichiy (Piche) sao consideradas
como quase ameacadas a extin¢do. Por outro lado, Bradypus torquatus (Preguica-de-
Coleira), Myrmecophaga tridactyla (Tamandua-bandeira), Priodontes maximus (Tatu-
Canastra) e Tolypeutes tricinctus (Tatu-bola) estdo classificadas como espécies
vulneraveis. Por fim, Bradypus pygmaeus (Preguica-ana) é considerada como espécie
criticamente ameacada (IUCN, 2020). O decréscimo na populacdo deste grupo de
animais ocorre devido a caca e constante perda e fragmentacdo do habitat pelo

desmatamento.

3.1.1. Espécies de carrapatos parasitas de mamiferos Xenarthra no Brasil

Estudos realizados em diferentes estados brasileiros mostraram grande
especificidade em relacdo as diferentes espécies de carrapatos que acometem
Xenarthra.

Em todas as regides do Brasil, preguicas séo parasitadas principalmente pelas
espécies Amblyomma varium e A. geayi, tamanduas-mirins e tamanduas-bandeiras
por A. nodosum, A. sculptum e A. calcaratum, ja tatus séo frequentemente parasitados
por A. pseudoconcolor e A. auricularium (Botelho et al., 1989; Labruna et al., 2002;
Marques et al., 2002; Labruna et al., 2004; Arzua et al., 2005; Bechara et al., 2006;
Dantas-Torres et al., 2009; Miranda et al., 2010; Garcia et al., 2013; Soares et al.,
2014; Martins et al., 2015; Acosta et al., 2016; Coelho et al., 2016; Kluyber et al., 2016;
Cancado etal., 2017; Gonzalez et al., 2017; Martins et al., 2017a; Martins et al., 2017b;
Nascimento et al., 2017; Oliveira et al., 2017; Luz et al., 2018; Mufioz-Garcia et al.,
2019). A Tabela 1 apresenta as espécies de carrapatos encontrados em Xenarthra

em diferentes estados brasileiros.



Tabela 1. Espécies de carrapatos ja encontradas em mamiferos Xenarthra em diferentes
estados brasileiros

Hospedeiro Localidade Espécies de carrapatos Referéncias
Bradypus Sao Paulo Amblyomma varium , A. Martins et al., 2015; Gonzalez et
variegatus aureolatum al., 2017; Martins et al., 2017a;

Martins et al., 2017b
Alagoas A. varium Dantas-Torres et al., 2009
Para A. varium, A. geayi Nascimento et al., 2017
Bradypus Rio de Janeiro A. varium, A. longirostre Luz et al., 2018
torquatus . .
Espirito Santo A. varium Acosta et al., 2016
Bradypus sp. Parana A. geayi Arzua et al., 2005
Choloepus sp. Rondénia A. varium Labruna et al., 2004

Choloepus Para A- geayl Nascimento et al., 2017
didactylus
Tamandua Séo Paulo A. nodosum, A. sculptum, Labruna et al., 2002; Martins et

tetradactyla

M. tridactyla

Rio de Janeiro

Mato Grosso

Mato Grosso do

Sul

Pernambuco

Para

Rond6nia

Parana

Séao Paulo

Espirito Santo

A. calcaratum, A.
brasiliensis,
Rhipicephalus sanguineus

A. nodosum
A. nodosum

A. nodosum, A. sculptum,
A. parvum

A. nodosum, A.
auricularium, R.
sanguineus

A. nodosum, A. goeldii, A.
humerale, A. naponense,
A. calcaratum

A. nodosum, A.
calcaratum

A. nodosum, A.
aureolatum, A. calcaratum

A. nodosum, A. sculptum,
A. triste, A. calcaratum, A.
brasiliensis, R. microplus

A. nodosum

al., 2015; Gonzalez et al., 2017;
Martins et al., 2017a; Martins et
al., 2017b

Luz et al., 2018
Soares et al., 2014

Bechara et al., 2006; Cancado et

al., 2017

Oliveira et al., 2017

Soares et al., 2014; Nascimento
etal., 2017

Labruna et al., 2004

Arzua et al., 2005

Labruna et al., 2002; Martins et
al., 2015; Coelho et al., 2016

Acosta et al., 2016



Cabassous
unicinctus

Dasypodidae

Dasypus
septemcinctus

Dasypus
novencinctus

Euphractus
sexcinctus

Priodontes
maximus

Minas Gerais

Mato Grosso do
Sul

Goias

Pernambuco
Rond6nia

Mato Grosso do
Sul

Minas Gerais
Goias
Mato Grosso do
Sul

Rio de Janeiro

Séao Paulo
Mato Grosso
Mato Grosso do
Sul
Para

Mato Grosso do
Sul

Mato Grosso

A. calcaratum, A.
maculatum, A.
pseudoconcolor

A. nodosum, A. sculptum,

A. scalpturatum, A.

parvum, A. ovale, A. triste

A. pseudoconcolor, A.
sculptum, A. nodosum

A. nodosum
A. calcaratum

A. sculptum

A. pseudoconcolor

A. pseudoconcolor, A.
sculptum, A. nodosum

A. pseudoconcolor, A.
sculptum

A. auricularium

A. sculptum
A. auricularium

A. parvum; A. sculptum

A. humerale

A. pseudoconcolor; A.
auricularium; A. parvum;
A. sculptum

A. auricularium, A.
pseudoconcolor, A.

brasiliensis, A. fuscum, A.

parvum, A sculptum

Botelho et al., 1989

Bechara et al., 2006; Cancado et
al., 2017

Martins et al., 2011

Dantas-Torres et al., 2009

Labruna et al., 2004
Kluyber et al., 2016
Botelho et al., 1989

Martins et al., 2011

Cancado et al., 2017

Luz et al., 2018

Martins et al., 2017b
Soares et al., 2014

Kluyber et al., 2016

Soares et al., 2014

Bechara et al., 2006; Kluyber et
al., 2016

Kluyber et al., 2016; Miranda et
al., 2010

3.2.

Familia Anaplasmataceae

10
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A familia Anaplasmataceae, pertencente a ordem Rickettsiales, &€ formada
pelos géneros Anaplasma, Ehrlichia, Neorickettsia, Wolbachia e ‘Candidatus
Neoehrlichia’. Compreendem alfa-proteobactérias Gram-negativas intracelulares
obrigatorias, transmitidas por carrapatos (Anaplasma spp., Ehrlichia spp. e
‘Candidatus Neoehrlichia’), helmintos (Neorickettsia spp.) ou compreendem
endossimbiontes de invertebrados (Wolbachia spp.) (Dumler et al., 2001).

Anaplasma spp. e Ehrlichia spp., a depender da espécie, podem infectar
neutrofilos, mondcitos, macrofagos, plaguetas, eritrocitos e células endoteliais de
mamiferos (Rikihisa, 1991; Dumler et al., 2001; Allsopp, 2010; Aguiar et al, 2014),
onde formam microcoldénias (mérulas) em vacuolos intracitoplasméaticos (Doudier et
al., 2010). As bactérias possuem dois tipos morfologicos: uma forma densamente
corada, a qual contém uma condensacao central ou excéntrica relativamente densa
de fios de cromatina, e um forma reticulada, a qual possui uma matriz solta
homogénea de fios de cromatina, entre 0s quais 0s ribossomos também estédo
espalhados (Popov et al., 1998; Battilani et al., 2017).

A manutencéo da infeccéo destes agentes dos géneros Ehrlichia e Anaplasma
ocorre pela interacdo de vetores artrépodes com os hospedeiros vertebrados no
ecossistema. Carrapatos, ao se alimentarem de um hospedeiro infectado, ingerem as
bactérias, as quais, por sua vez, penetram no epitélio do intestino médio do
invertebrado e realizam a primeira replicacdo. Posteriormente, as mesmas migram até
as glandulas salivares, invadem as células epiteliais e passam pelo segundo ciclo de
replicacdo, penetram na secrecdo salivar e sao transmitidas a outro hospedeiro
durante o repasto sanguineo do carrapato (Ueti et al., 2009; Rar e Golovljova, 2011).
Hospedeiros vertebrados desenvolvem infeccdo persistente, atuando como
reservatorios desses agentes, 0S quais Sao responsaveis por causar enfermidades
em animais e humanos (Kocan et al., 1992; Dumler et al., 2001; Parola et al., 2003,
Doudier et al., 2010; Villar et al., 2016).

Atualmente o género Anaplasma € composto pelas espécies A.
phagocytophilum, A. marginale, A. centrale, A. ovis, A. bovis, A. platys, A. odocoilei e
A. capra. Ja o género Ehrlichia é composto por E. canis, E. chaffeensis, E. ewingii, E.
muris, E. ruminantium e E. minassensis (Dumler et al., 2001; Tate et al., 2013; Li et
al., 2015; Cabezas-Cruz et al., 2016).
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Embora ‘Candidatus Neoehrlichia’ spp. ndo tenha sido oficializado como novo
género, devido a grande dificuldade de cultivo desse agente, 0 mesmo vem sendo
encontrada em diversas espécies de carrapatos e mamiferos. Esse novo género
forma um clado irm&o ao de Ehrlichia spp. Até o momento, foram descritas pelo menos
quatro possiveis espécies, a saber: ‘Candidatus Neoehrlichia mikurensis’, ‘Candidatus
Neoehrlichia lotoris’, ‘Candidatus Neoehrlichia australis’, ‘Candidatus Neoehrlichia
arcanae’ e ‘Candidatus Neoehrlichia chilensis’ (Kawahara, 2004; Yabsley et al., 2018;
Gofton et al., 2016; Mller et al., 2017).

Devido a grande inespecificidade dos sinais clinicos, técnicas laboratoriais
devem ser utilizadas para um diagnostico preciso. A deteccdo direta por meio de
esfregacos sanguineos permite observar a presenca de morulas em células
sanguineas. Entretanto, essa técnica é de baixa sensibilidade, uma vez que depende
do nimero de células infectadas, sendo este maior na fase aguda da doenca, e da
experiéncia do microscopista (Paddock e Child, 2003). Técnicas soroldgicas, por sua
vez, mostram-se mais sensiveis, porém reacfes cruzadas podem ocorrer, dificultando
a obtencédo de um diagndstico preciso. Além disso, resultados falsos-negativos podem
ser obtidos durante a fase inicial da doenca, em que os anticorpos ainda estdo em
processo de producéo (Paddock e Child, 2003). Por fim, o uso de ensaios moleculares
estdo cada vez mais se difundindo, devido a elevada sensibilidade e especificidade,
embora em alguns paises ainda sejam considerados técnicas caras, dificultando o seu

uso.

3.2.1. Agentes etiolégicos

3.2.1.1. Anaplasma phagocytophilum

Anaplasma phagocytophilum recebeu esse nome apds a reclassificacdo
realizada por Dumler et al. (2001), o qual, a partir de analises moleculares dos genes
16S RNA ribossomal (16S rRNA), “heat shock operon” (groEL), e genes de proteinas
de superficie, verificou que as bactérias até entdo nomeadas de Ehrlichia
phagocytophila, Ehrlichia equi e agente da erliquiose granulocitica humana tratavam-

se da mesma espécie.
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O protétipo de A. phagocytophilum foi descrito pela primeira vez em 1940
(Gordon, 1940), apos ser identificado como o agente causador da febre transmitida
pelo carrapato em ovinos, doenca descrita inicialmente na Escocia em 1932 (Macleod,
1932).

Essa bactéria infecta neutréfilos de uma ampla variedade de vertebrados como
carnivoros, ruminantes, roedores, aves, répteis e seres humanos (Stuen et al., 2013;
Dugat et al, 2015; Kocan et al., 2015). Esta distribuida principalmente nos Estados
Unidos, Europa e Asia, mas ja foi descrita na América do Sul e Africa (Bakken e
Dumler, 2000; Stuen et al., 2013).

Em humanos, € responsavel por causar uma zoonose emergente, conhecida
como anaplasmose granulocitica humana (HGA), descrita pela primeira vez nos
Estados Unidos em 1994 (Chen et al., 1994). Essa doenca é amplamente distribuida
nos Estados Unidos, devido a presenca do carrapato vetor. As principais
manifestacdes clinicas e laboratoriais sao febre, dor de cabeca, mialgia, mal-estar,
leucopenia, trombocitopenia e injaria hepéatica. Ja foi observado, com menor
frequéncia, a presenca de nausea, vomito, tosse, diarreia, artralgia e confusdo mental
(Dumler et al., 2005; Lotric-Furlan et al., 2006; Strle, 2004; Rar e Golovljova, 2011).

Em ruminantes, causa uma enfermidade conhecida por Febre da Pastagem ou
Febre do Carrapato, caracterizada por febre, fraqueza, anorexia, abortamento e queda
na producdo de leite. Por ser um agente imunossupressor, favorece a ocorréncia de
infec¢des secundarias, principalmente por Staphylococcus aureus (Woldehiwet, 2006;
Woldehiwet, 2010; Dugat et al.,, 2015). Em equinos, a doenca é denominada
anaplasmose granulocitica equina, cujos sinais sdo febre, anorexia, apatia,
inapeténcia, ictericia, edema dos membros, ataxia e dificuldade de locomocéao
(Madigan e Gribble, 1987; Franzén et al., 2007; Battilani et al., 2017). A anaplasmose
granulocitica canina, por sua vez, é caracterizada por febre, letargia, anorexia,
claudicacéo, émese, diarreia, poliuria, polidipsia, mucosas palidas, epistaxe, espleno
e linfoadenomegalia (Kohn et al., 2008; Nair et al., 2016; Battilani et al., 2017).

A transmissdo se da pela picada de diferentes espécies de carrapatos do
género Ixodes. Enquanto que no centro-oeste e nordeste dos EUA a principal espécie
vetora é |. scapularis, no oeste, tal agente é transmitido por I. pacificus e I. spinipalpis

(Des Vignes e Fish, 1997; Burkot et al., 2001). Na Europa, o principal vetor € 1. ricinus,
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ja na Russia e Asia é I. persulcatus (Woldehiwet et al., 2010). Ademais, DNA de A.
phagocytophilum ja foi detectado em Dermacentor silvarium, D. reticulatus, D.
variabilis, D. occidentalis, |. ovatus, I. trianguliceps, I. ventalloi, Haemaphysalis
concinna, Amblyomma americanum (Bown et al., 2003; Santos et al., 2004; Ohashi et
al., 2005; Cao et al., 2006; Clark. 2012; Paulauskas et al., 2012; Tomanovic et al.,
2013).

Nos EUA, os principais reservatorios sdo Cervo-da-cauda-branca (Odocoileus
virginianus), camundongo-de-patas-brancas (Peromyscus leucopus) no leste e
roedores selvagens (Neotoma fuscipes, Tamias ochrogenys) no oeste do pais
(Nicholson et al., 1999; Tate et al., 2005; Rar e Golovljova, 2011). Ja na Europa,
ovelhas, veado-europeu (Capreolus capreolus), veado-vermelho (Cervus elaphus) e
camurca (Rupicapra rupicapra) séo os principais reservatérios (Liz et al., 2002; Rar e
Golovljova, 2011).

A diversidade genética de A. phagocytophilum é consideravel, sendo que varias
variantes ja foram descritas, tanto patogénicas como ndo-patogénicas. Estudos ja
demonstraram que a Variante-1, comum em cervos-da-cauda-branca, pode infectar
cabras, porém nao infecta roedores (Massung et al., 2003; Reichard et al., 2009). Além
disso, algumas amostras que ocorrem em humanos podem infectar roedores, mas
nao cervos-da-cauda-branca (Reichard et al., 2009). Amostras detectadas em
esquilos e camundongo-de-patas-brancas podem acometer roedores, equinos, caes

e humanos (Foley et al., 2009; Rar e Golovljova, 2011).

3.2.2.2.Anaplasma marginale

Anaplasma marginale foi detectado pela primeira vez na Africa do Sul por Sir
Arnold Theiler, em 1910, o qual encontrou inclusdes localizadas na superficie dos
eritrocitos de bovinos doentes (Theiler, 1910).

Esse agente infecta eritrocitos de ruminantes domésticos e selvagens. E
responsavel por causar uma doenca denominada anaplasmose bovina, cujos
principais sinais clinicos séo febre, perda de peso, letargia, ictericia, abortamento,
gueda na producdo de leite e morte (Kocan et al., 2003). Essa enfermidade é

cosmopolita, com maior incidéncia em regides tropicais e subtropicas, ocasionando
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grande impacto econdmico na producédo, devido sua alta morbidade e mortalidade
(Kocan et al., 2010; Silaghi et al., 2017).

Pode ser transmitido pela picada de carrapatos dos géneros Dermacentor em
regides temperadas, e Rhipicephalus em regides tropicais, sendo que mais de 20
espécies foram descritas como vetores (Kocan et al., 2010; Rar e Golovljova, 2011;
Silaghi et al., 2017). Ademais, a transmissdo mecéanica por meio de insetos
hematéfagos, tais como Stomoxys calcitrans, Haematobia irritans e dipteros
tabanomorphos, e por meio de fémites contaminados com sangue também pode
ocorrer, sendo a principal forma de transmissédo em regies onde ndo ha a presenca
do vetor (Ewing, 1981; Kocan et al., 2010; da Silva et al., 2013; Battilani et al., 2017).
Transmissao transplacentaria ja foi relata e gera bezerros saudaveis e infectados
permanentemente (Kocan et al., 2015).

Além de bovinos, A. marginale ja foi detectado em cervo-de-cauda-branca,
bafalos-d’agua (Bubalus bubalis), bisdo americano (Bison bison), cervo-de-cauda-
negra (Odocoileus hemionus columbianus) (Kocan et al., 2010; Battilani et al., 2017),
cervo-do-Pantanal (Blastocerus dichotomus) (Machado et al., 2006; Silveira et al.,
2012), veado-campeiro (Ozotocerus bezoarticus leucogaster) (Picoloto et al., 2010);
veado-catigueiro (Mazama gouazoubira) (Silveira et al.,, 2012) e bufalos africanos
(Syncerus caffer) (Machado et al., 2016).

Grande diversidade genética é evidenciada em A. marginale, uma vez que
varios estudos demonstraram gque um mesmo bovino ou um mesmo rebanho ou regiédo
possuem diferentes gendétipos circulantes do patégeno, o que dificulta a criacdo de
vacinas para esse agente (Vidotto et al., 2004; Estrada-Pefa et al., 2009; Poohl et al.,
2013; Machado et al., 2015; Silva et al., 2015; Silva et al., 2016; de Souza Ramos et
al., 2019).

3.2.2.3. Anaplasma centrale
Anaplasma centrale foi descrito em 1911 por Sir Arnold Theiler, caracterizado
por formar inclusGes na area central de eritrécitos de bovinos (Theiler, 1911; Potgieter
e Van Rensburg, 1987).
Trata-se de uma bactéria intimamente relacionada com A. marginale, porém

com menor ocorréncia. Esta distribuida principalmente nas regides tropicais e
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subtropicais e é responsavel por causar sinais mais brandos de anaplasmose em
ruminantes, sendo considerado um agente naturalmente atenuado e candidato a
vacina viva contra A. marginale (Kocan, 2010; Rar and Golovljova, 2011; Kocan, 2015;
Bensaid, 2018).

Pode ser transmitido de forma mecéanica ou biologica. Rhipicephalus simus é
considerado o principal vetor, porém DNA de A. centrale ja foi detectado em
Amblyomma sp. e Haemaphysalis punctata, mas a competéncia vetorial ndo foi
demonstrada nessas espécies (Potgieter e Van Rensburg, 1987; Palomar et al., 2015;
Teshale et al., 2015).

3.2.2.4. Anaplasmaovis

Anaplasma ovis foi descrito pela primeira vez em uma ovelha em 1912 (Bevan,
1912). Infecta eritrocitos de ovelhas, cabras e ruminantes selvagens como renas
(Rangifer tarandus), veado-europeu (Capreolus capreolus) e camelos (Camelus
dromedarius) (de la Fuente et al., 2008; Renneker et al., 2013; Ybafes et al., 2014; Li
et al., 2015b; Selmi et al., 2020). Possui um possivel potencial zoonético, uma vez que
foi detectado em um ser humano no Chipre (Chochlakis et al., 2010). Encontra-se
distribuido na Africa, Asia, Europa e EUA (Renneker et al., 2013).

Os sinais clinicos causados por este espécie de Anaplasma sao brandos, mas
em situacdo de estresse e imunossupressao pode causar febre, fraqueza, anorexia,
mucosas palidas, abortamento e queda na producéo de leite (Battilani et al., 2017).

Os principais vetores biolégicos para o referido agente sdo carrapatos das
espécies Rhipiceplahus bursa, R. turanicus, R. sanguineus, Dermacentor andersoni e
o diptero Melophagus ovinus (de la Fuente et al., 2008; Aktas et al., 2009; Belkahia et
al., 2019; Cabezas-Cruz et al., 2019; Hosseini-Chegeni et al., 2020). O agente ja foi

molecularmente detectado em R. microplus (Matsimbe et al., 2017).

3.2.2.5. Anaplasmabovis
Anaplasma bovis foi descrito pela primeira vez em bovinos em 1936 (Donatien
e Lestoquardm 1936). Infecta mondcitos e macréfagos teciduais (Worthington and
Bigalke, 2001; Liu, 2012) e ocorre principalmente na Africa, Asia e América do Sul,
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apesar de ja ter sido descrito na Europa e EUA (Ybafiez et al., 2014; Battilani et al.,
2017).

E transmitido pelos carrapatos Rhipicephalus appendiculatus, Amblyomma
variegatum, Hyalomma spp., Rhipicephalus sanguineus e Haemaphysalis spp. (Nair,
2013; Battilani, 2017). Possui como principais reservatorios bovinos (Bos taurus) e
bufalo africanos (Ooshiro et al., 2008). Adicionalmente, tal agente ja foi descrito em
cervideos (Cervus elaphus, Cervus nippon, Mazama goazoubira, Blastocerus
dichotomus, Hydropotes inermis), cabras, guaxinins (Procyon lotor, Nyctereutes
procyonoides), cées, gato-leopardo (Prionailurus bengalensis) e musaranho
(Elephantulus myurus) (Sashika et al., 2011; Silveira et al., 2012; Atif, 2016; Kang et
al., 2018; Lee et al., 2018).

Embora os bovinos acometidos sejam geralmente assintomaticos (Noaman e
Shayan, 2010), podem apresentar febre, perda de peso, diarreia, edema cerebral e
danos no sistema nervoso (Ybafiez et al., 2014, Battilani et al., 2017).

3.2.2.6. Anaplasma platys

Anaplasma platys € um agente cosmopolita que infecta plaquetas de caes e foi
descrito pela primeira vez em 1978 na Flérida (Harvey et al., 1978). Embora muitos
cdes infectados sejam assintomaticos, pode causar uma enfermidade conhecida
como trombocitopenia ciclica canina, cujos sinais clinicos e laboratoriais sdo febre,
perda de peso, apatia, mucosas palidas, petéquias, linfoadenomegalia e
trombocitopenia, (Bradfield et al., 1996; Bouzouraa et al., 2016).

Um novo gendtipo, denominado A. platys-like, foi encontrado infectando
neutréfilos de ruminantes na Itdlia. Tal variante apresenta baixa identidade
nucleotidica com A. platys com base no gene groEL e posicionava-se
filogeneticamente em um subclado dentro do clado de A. platys (Zobba et al., 2014).

Além de cées, esse agente ja foi detectado em humanos (Maggi et al., 2013;
Arraga-Alvarado et al., 2014; Breitschwerdt et al., 2014), gatos (Lima et al., 2010;
Salakij et al., 2012; Zobba et al., 2015), raposas-vermelhas (Vulpes vulpes) (Cardoso
et al., 2015), cervideos (Sacchi et al., 2012; Silveira et al., 2012), ruminantes
domeésticos (bovinos, caprinos e ovinos), bubalinos e camelideos (Chocohlakis et al.,
2009; Djiba et al., 2013; Berggoetz et al., 2014; Tay et al., 2014; Dahmani et al., 2015;
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Li et al., 2015b; Yang et al., 2015; Machado et al., 2016; Qiu et al., 2016; Ben Said et
al., 2017; Gioia et al., 2018; Koh et al., 2018; Pradeep et al., 2018; Chien et al., 2019;
Dahmani et al., 2019; Fernandes et al., 2019; Selmi et al. 2019; Zhou et al., 2019;
Alanazi et al., 2020).

E transmitido principalmente pelo carrapato R. sanguineus sensu lato, mas ja
foi detectado em Dermacentor auratus, Ixodes persulcatus, Haemaphysalis
longicornise, H. bispinosa, R. turanicus, R. microplus, R. bursa, Hyalomma dromedari,
Hyalomma anatolicum (Simpson et al., 1991; Parola et al., 2003; Brown et al., 2005;
Kim et al., 2006; Aktas et al., 2009; Harrus et al., 2010; Ybafez et al., 2012; Tay et al.,
2014; Campos-Calderon et al., 2016; Koh, 2017; Yu et al., 2017; Chisu et al., 2018;
Rehaman et al., 2018; Selmi et al., 2019). Recentemente, Snellgrove et al. (2020)
comprovaram a transmissao transestadial e transovariana de A. platys por R.

sanguienus sensu stricto nos EUA.

3.2.2.7. Anaplasma odocoilei

Anaplasma odocoilei foi descrito pela primeira vez em 2013, infectando
plaguetas de cervideos (Tate et al., 2013). Apds infeccdo experimental em cervos-da-
cauda-branca, notou-se que alguns animais apresentaram trombocitopenia transitoria,
mas sem manifestacdes clinicas (Tate et al.,, 2013). Adicionalmente, foi descrito
também em cervos-da-cauda-branca (O. virginianus yucatanensis) no México (Ojeda-
Chi et al., 2018).

Por tratar-se de um agente descoberto recentemente, sdo poucas as
informacdes a respeito de transmissao, sinais clinicos e distribuicdo. Até o momento,
DNA de A. odocoilei foi detectado em Amblyomma americanum, porém nédo houve

comprovacao vetorial (Trout et al., 2017).

3.2.2.8. Anaplasma capra
Uma nova espécie de Anaplasma spp. foi detectada em cabras na China (Zhou
et al., 2010). Posteriormente, Li et al. (2015) detectaram a mesma espécie nos
mesmos hospedeiros, nomeando-a entdo de Anaplasma capra. A partir dai, essa nova
espécie foi descrita infectando cabras (Yang et al., 2017; Peng et al., 2018; Seo et al.,
2019), ovelhas (Peng et al., 2018; Shi et al.,, 2020), bovinos (Seo et al., 2018),
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ruminantes selvagens (Yang et al., 2018), cervideos (Amer et al., 2019; Jouglin et al.,
2019) e cées (Shi et al., 2019).

Possui carater zoonoético, uma vez que foi detectada em seres humanos que
apresentavam febre, dor de cabeca, tonturas, mialgias, erupc¢des cutaneas,
linfadenopatia e sintomas gastrointestinais na China (Li et al., 2015).

N&o ha informacgdes acerca da distribuicdo e transmissdo do agente, embora
DNA do mesmo tenha sido detectado em carrapatos da espécie Ixodes persulcatus,
Haemaphysalis longicornis, Haemaphysalis ginghaiensis, R. microplus (Li et al., 2015;
Sun et al., 2015; Yang et al., 2016; Guo et al., 2019).

3.2.2.9. Ehrlichia canis

Ehrlichia canis foi descrita pela primeira vez na Argélia, em 1935, por Donatien
e Lestoquard, que observaram inclusbes intracitoplasméticas em células
mononucleares de cées infestados por carrapatos. Posteriormente, esse agente foi
determinado como o responsavel por causar a doenca conhecida como erliquiose
monocitica canina (CME) (Rikihisa, 1991).

Essa bactéria infecta mondcitos de uma ampla variedade de animais selvagens
e domésticos, com maior predominancia em cées. Possui distribuicdo mundial, com
maior prevaléncia em regides tropicais e subtropicais, devido a presenca do carrapato
vetor. Duas espécies com capacidade vetorial comprovada sao R. sanguineus sensu
lato (linhagem tropical) e Dermacentor variabilis (Groves et al., 1975; Johnson et al.,
1998; Moraes-Filho et al., 2015).

Em caes, a doenca ocorre em trés fases: aguda, subclinica e crénica. A aguda
tem duracéo de 2 a 4 semanas, com inicio de 8 a 20 dias ap0s a picada do carrapato.
E caracterizada por febre, apatia, dispneia, anorexia, esplenomegalia,
trombocitopenia, leucopenia, anemia e hiperglobulinemia. A fase subclinica pode
durar meses ou anos, € geralmente assintomatica e pode ser caracterizada por
trombocitopenia e hiperglobulinemia moderada. Animais subclinicamente infectados
atuam como reservatorios para o agente. Ja a fase cronica assume caracteristicas de
doenca auto-imune, e € caracterizada pelos mesmos sinais da fase aguda, como
letargia anorexia e perda de peso. Adicionamente, podem ser verificados hemorragia,

hematuria, epistaxe, sinais neurolégicos (ataxia, disfuncdo neuromotora, disfuncéo
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vestibular central ou periférica e hiperestesia localizada ou generalizada) e
glomerulonefrite (Codner e Farrim-Smith, 1986; Gregory e Forrester, 1990; Cordner e
Malin, 1992; Couto, 1998; Cohn, 2003; Skotarczak, 2003).

Tal agente ja foi descrito em seres humanos, associados com sintomatologia
clinica (Fishbein et al., 1987; Maeda et al., 1987; Dawson et al., 1991; Perez et al.,
1996; Perez et al., 2006), bem como em pessoas assintomaticas doadoras de sangue
(Bolsa-Mora et al., 2017). Segundo Perez et al. (2006), individuos que vivem em areas
endémicas onde a prevaléncia de cées positivos pela PCR é alta, pode ser mais

acometidas.

3.2.2.10. Ehrlichia chaffeensis

Ehrlichia chaffeensis infecta mondcitos e € responsavel por causar uma
zoonose conhecida por erliquiose monocitica humana (HME). Embora o agente tenha
sido descrito em 1991, o primeiro relato da doenca foi reportado em 1986 nos Estados
Unidos (Anderson et al., 1991; Dawson et al., 1991).

A HME é amplamente distribuida nos Estados Unidos, acometendo
principalmente as regifes sudeste, centro-sul e meio-Atlantico do pais, devido a
presenca do carrapato vetor (Walker et al., 1996; Dahlgren et al. 2011; Mansfield et
al., 2017). Somente entre os anos de 2012 a 2016 foram relatados 6.786 novos casos
em diferentes estados do pais (Mogg et al., 2020). A doenca ja foi descrita também
em Portugal (Morais et al., 1991), Venezuela (Martinez et al., 2008), Camardes (Ndip
et al., 2009) e Sérvia (Arsic et al., 2014). Adicionalmente, evidéncias sorologicas de
exposicao a E. chaffeensis em humanos foram relatadas no Mali, Coréia do Sul,
Sudeste Asiatico, Peru e Brasil, mas ndo houve comprovacdo por métodos
moleculares, uma vez que apenas resultados sorolégicos podem apresentar
reatividade cruzada com A. phagocytophilum (Calic et al. 2004; Costa et al., 2005,
2006; Thomas et al., 2009).

Ha registros de infeccdo em outras espécies de animais, tais como caes,
bovinos, cabras, raposas (Vulpes vulpes), coiotes (Canis latrans), cervos-sika-do-sul-
do-Japao (Cervus nippon) e roedores (Wen et al., 2003; Kim et al., 2006; de Los
Santos et al., 2007; André, 2018; Lee et al., 2009; Doudier et al., 2010).
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Nos Estados Unidos, carrapatos da espécie Amblyomma americanum e
veados-de-cauda-branca sdo considerados os principais vetores e reservatérios de E.
chaffeensis, respectivamente (Rar e Golovljova, 2011). DNA do agente em questao ja
foi encontrado em Dermacentor variabilis, |. pacificus, H. longicornis, I. persulcatus, R.
sanguineus, A. testudinarum, Haemaphysalis yeni, A. parvum, que podem estar
relacionados com a transmissdo em outras regides onde ndo ha a presenca de A.
americanum (Cao et al., 2000; Kim et al., 2003; Walker et al., 2004; Lee et al., 2005;
Tomassone et al., 2008; Ndip et al., 2010; Rar e Golovljova, 2011).

Os sinais clinicos e laboratoriais mais comumente observados em humanos
séo febre, dores de cabeca, mialgia, nauseas, leucopenia, neutrofilia, trombocitopenia
e elevacdo da atividade das transaminases hepaticas (Doudier et al., 2010; Rar e
Golovljova, 2011).

3.2.2.11. Ehrlichia ewingii

Ehrlichia ewingii foi reconhecida como uma nova espécie em 1992, sendo
anteriormente descrita como uma cepa de E. canis (Anderson et al., 1992).
Diferentemente das demais espécies, infecta neutréfilos, sendo responsavel por
causar uma zoonose denominada Erliquiose Granulocitica Humana (HGE), (Buller et
al., 1999; Pritt et al., 2011). Pode acometer cdes, causando a Erliquiose Granulocitica
Canina (Anderson et al., 1992).

HGE ocorre na América do Norte, no centro-oeste dos Estados Unidos. A
transmissao ocorre via picada do carrapato A. americanum (Anziani et al., 1990;
Madison-Antenucci et al., 2020). Ao menos 22 casos da doencga sao registrados por
ano no pais (Madison-Antenucci et al., 2020). Cervideos, principalmente O.
virginianus, e caes sao considerados reservatérios para o agente, porém ja houve
detecgéo em cabras (Yabsley et al., 2002; Thomas et al., 2009; Biggs et al., 2016).

A doenca causada tanto em humanos como em cdes € considerada mais
moderada quando comparada aquela causada por E. chaffeensis e E. canis,
respectivamente (Thomas et al., 2009; Rar e Golovljova, 2011). Em humanos,
pacientes imunossuprimidos, como por exemplo portadores de HIV ou recém
transplantados, possuem sintomatologia mais severa (Paddock et al., 2001). Os

principais sintomas e achados laboratoriais sdo febre, dor de cabeca, nauseas,
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mialgia, trombocitopenia acompanhada ou ndo de leucopenia e aumento das enzimas
hepéticas (Buller et al., 1999; Yabsley et al., 2002; Bigg et al., 2016).

Além dos Estados Unidos, esse agente ja foi detectado em cées e carrapatos
R. sanguineus em Camardes (Ndip et al., 2007), em roedores e carrapatos da espécie

H. longicornis na Coréia (Kim et al., 2006; Matsumoto et al., 2011).

3.2.2.12. Ehrlichia muris

Ehrlichia muris infecta macrofagos e foi isolada pela primeira vez de um roedor
selvagem (Eothnomys kageus) no Japdo, em 1983. A principio, foi considerada um
agente que afetava apenas murinos, causando esplenomegalia moderada (Wen et al.,
1995).

Em 2009, uma nova amostra com potencial zoonético (E. muris —like,
atualmente denominada E. muris subsp. euaclairensis) foi detectada em humanos nos
EUA, associada a febre, dor de cabeca, mialgia, trombocitopenia e linfopenia. Porém,
até o momento, os Unicos registros de casos da doenca foram registrados nos estados
de Wiscosin e Minnesota nos EUA (Pritt et al., 2009; Wormser e Pritt, 2015; Pritt et al.,
2017; Xu et al., 2018).

Acredita-se que as principais espécies de carrapatos vetores de E. muris sejam
Haemaphysalis flava no Japéo, I. persulcatus no leste Europeu e I. ricinus na Europa
ocidental (Pritt et al., 2017). Diferentes espécies de roedores séo incriminadas como
possiveis reservatoérios, sendo elas Apodemos speciosus, A. argenteus, A. flavicollis
e E. kageus (Kawahara et al.,1996, 1999; Smetanova et al., 2007). Evidéncias
sorolégicas de exposicdo a este agente foram encontras em humanos, javalis, caes,
cervideos, ursos e macacos no Japdo, mas reacdes cruzadas ndo podem ser
descartadas (Kawahara et al., 1999; Pritt et al., 2017).

Nos EUA, E. muris subsp. euaclairensis possui como vetor e reservatorio |.
scapularus e camundongos de patas-brancas (Peromycus leucopus),
respectivamente (Telford et al., 2011; Stromdahl et al., 2014; Wormser e Pritt, 2015;
Saito e Walker, 2015; Lynn et al., 2015, 2017).

Adicionalmente, DNA de E. muris foi detectado em outras espécies de

carrapatos, tais como |. cookei nos EUA (Xu et al., 2018) e |. pavlovskyi na Sibéria
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(Rar et al., 2017). Além disso, um cdo mostrou-se positivo em Minessota (Hegarty et
al., 2012).

3.2.2.13. Ehrlichia ruminantium

Ehrlichia ruminantium infecta células endoteliais, neutrofilos e macréfagos, e
descrita pela primeira vez em 1925 (Cowdry, 2005a, 2005b; Allsopp, 2010). E
responsavel por causar uma doenca denominada Heartwater ou Cowdriosis em
ruminantes, com ocorréncia apenas na Africa Sub-Saariana e em ilhas do Caribe
(Jongeian e Uilenberg, 2004).

E transmitida por dez espécies de carrapatos do género Amblyomma, sendo as
principais A. variegatum e A. hebraeum. Sua distribuicdo esta relacionada com a
distribuicdo dos carrapatos vetores. DNA deste agente ja foi detectado em R.
microplus, mas nao houve comprovacdo vetorial (Biguezoton et al., 2016).
Adicionalmente, pode ocorrer transmissdo vertical, caso o bezerro ingira leucdcitos
infectados no colostro (Deem et al., 1996). Ruminantes domésticos e selvagens sao
considerados os principais reservatorios do agente (Rar e Golovljova, 2011).

A doenca pode ocorrer de quatro formas: hiperaguda, aguda, subaguda e
subclinica. A hiperaguda é uma forma rara, caracterizada por febre, dispneia,
convuls@es, diarreia e morte. A forma mais comum é a aguda, em que o animal
apresenta febre, inapeténcia, depressao, apatia, tosse Umida, mucosas ciandticas,
dispneia e sinais neuroldgicos, sendo que a morte ocorre em até uma semana do
inicio dos sinais. Na forma subaguda, ha relatos de febre prolongada, tosse e
incoordenacao; 0s animais podem se recuperar ou vir a 6bito em até duas semanas.
Ja a forma subclinica € mais branda e ocorre em animais com boa imunidade (Kasari
et al., 2010; Saito e Walker, 2016).

Como o agente possui tropismo pelas células endoteliais, os danos provocados
nos capilares causam aumento da permeabilidade levando a disfuncdo cardiaca e
respiratoria, que pode ocasionar hidropericardio, hidrotérax e edema cerebral
(Allsopp, 2015; Saito e Walker, 2016).

E. ruminantium ja foi detectada em céaes sintomaticos e em humanos que
vieram a Obito por decorréncia da doenca, o que demonstra seu potencial zoonoético
(Allsopp e Allsopp, 2001; Allsopp, 2015; Louw et al., 2005).
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3.2.2.14. Ehrlichia minasensis

Ehrlichia minasensis foi descrita pela primeira vez em 2016, isolada a partir de
carrapatos R. microplus encontrados em bovinos de Minas Gerais (Cabezas-Cruz et
al., 2016). Possui alta homologia com E. canis (de Aguiar et al., 2019). Bovinos
infectados podem apresentar febre, depresséo, letargia e trombocitopenia (de Aguiar
et al., 2014; Carvalho et al., 2016; de Aguiar et al., 2019).

Vetores e reservatorios ainda ndo estao ainda bem definidos. Essa bactéria ja
foi detectada em cervideos (Gajadhar et al., 2010; Lobanov et al., 2012), bovinos
(Gadjahar et al., 2010; de Aguiar et al., 2014; Hailemariam et al., 2017) Ainda, vem
sendo detectada em diversas espécies de carrapatos: R. microplus, R. sanguineus
(Cabezas-Cruz et al., 2012; Carvalho et al., 2016; lweiebor et al., 2017; Cicculli et al.,
2019), Hyalomma spp. (Cicculli et al., 2019; Rehman et al., 2019) e Haemaphysalis
hystricis (Li et al., 2019). Até o momento, transmissao transestadial de E. minasensis

foi comprovada somente em R. microplus (Carvalho et al., 2016).

3.2.2.15. ‘Candidatus Neoehrlichia’

‘Candidatus Neoehrlichia mikurensis’ foi detectada pela primeira vez em células
endoteliais de bacos de ratos (Rattus novergicus) e em seus ectoparasitas (Ixodes
ovatus) no Japao (Kawahara, 2004). Em 2010, foi detectada em um humano com
leucemia linfocitica crbnia na Suécia, este apresentava febre, exantema e
complica¢Bes tromboembolicas (Wellinder-Olsson, et al., 2010). Posteriormente, o
mesmo agente foi detectado em humanos assintomaticos e sintomaticos
apresentando alguma doenca imunossupressora concomitante em outros paises
europeus e na China. Os principais sintomas da infeccdo por esse agente incluem
febre, mialgia, exantema e vasculite inflamatéria sistémica culminando em trombose,
tromboembolismo e aneurisma (Fehr et al., 2010; von Loewenich et al., 2010; Pekova
et al., 2011; Li et al., 2012; Grankvist et al., 2014; Welc-Faleciak et al., 2014;
Andréasson et al., 2015; Quarsten et al., 2017).

O referido agente possui como reservatorio diversas espécies de roedores, com
comprovacdo de transmissao transplacentaria nesses animais (Burri et al., 2014;

Obiegala et al., 2014). Os possiveis vetores sdo carrapatos das espécies Ixodes
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ricinus e |. persulcatus, mas ja hove deteccdo em |. hexagonus, I. trianguliceps, I.
frontalis e Dermacentor reticulatus (Rar e Golovljova, 2011; Silaghi et al., 2016; Portilo
et al., 2018).

Além de roedores, ‘Candidatus Neoehrlichia mikurensis’ vem sendo detectada
em ursos-europeus (Ursus arctos arctos), texugo-europeu (Meles meles), camurca
(Rupicapra rupicapra), muflao (European mouflons), ouricos (Erinaceus roumanicus)
e cdes domésticos (Diniz et al., 2011; Beck et al.,, 2014; Féldva'ri et al., 2014;
Hofmann-Lehmann et al., 2016; Hornok et al., 2018).

Por outro lado, ‘Candidatus Neoehrlichia lotoris’ foi detectada em guaxinins
(Procyon lotoris) apenas nos EUA (Munderloh et al., 2007; Yabsley et al., 2008).
Testes experimentais provaram que roedores e coelhos séo refratarios a infeccéo
(Yabsley et al., 2008). Nao ha informacfes acerca de vetores e ocorréncia em outros
animais.

Adicionalmente, novos candidatos a espécies filogeneticamente relacionados
com “Candidatus N. lotoris’ vem sendo descritos em diferentes animais e
localizag&oes. ‘Candidatus Neoehrlichia sp.’. (FU98) foi detectado em raposas (Vulpes
vulpes), texugo-europeu e guaxinins na Europa (Hodzi'c et al. 2015; Hornok et al.,
2017; Hodzi'c et al., 2017; Hodzi'c et al., 2018). ‘Candidatus Neoehrlichia australis’ e
‘Candidatus Neoehrlichia arcana’ foram detectados em Ixodes holocyclus na Australia
(Gofton et al., 2016). Mais recentemente, ‘Candidatus Neoehrlichia chilensis’ foi
detectado em roedores selvagens (Abrothrix sp. e Mus musculus) e em Ixodes sp.
sigelos no Chile (Mdller et al., 2018; Mufioz-Leal et al., 2019).

3.2.3. Ocorréncia de Agentes Anaplasmataceae em Animais Selvagens no

Brasil

E crescente o nimeros de estudos acerca da deteccdo de agentes
Anaplasmataceae em animais selvagens no pais. Tais trabalhos auxiliam na
investigacdo de espécies ja descritas e novos genotipos de agentes transmitidos por
vetores que circulam no Brasil, bem como, permite um melhor entendimento da

epidemiologia e na identificagéo de possiveis reservatorios e vetores.
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3.2.3.1. Anaplasma spp.

Anaplasma spp. filogeneticamente proximo a A. phagocytophilum foi detectado
com base no gene 16S rRNA em um carcara (50%[1/2]) (Caracara plancus) e urubus
(40%][2/5]) (Coragyps atratus) no estado de Sdo Paulo (Machado et al., 2012); em
gatos-do-mato-pequeno (16% [4/25]) (Leopardus tigrinus) oriundos de zoolégicos do
estado de Séo Paulo (André et al., 2012); em caititus (100% [3/3]) (Pecari tajacu) e
queixadas (100%[11/11]) (Tayassu pecari) nos estados de Mato Grosso e Para
(Soares et al., 2017); em gansos-do-Orinoco (4,84% [3/62]) (Neochen jubata) em
Goias (Werther et al., 2017) e em um jacuguacu (50%[1/2]) (Penelope obscura)
amostrado no Parana (Mongruel et al., 2017). Adicionalmente, foi detectado com base
no gene groESL em um veado-catingueiro (50%[1/2]) (Mazama gouazoubira) no
estado do Parana (Mongruel et al., 2016)

Anaplasma marginale foi detectado com base no gene msp-5 em cervos-do-
Pantanal (57,14% [4/7]) (Blastocerus dichotomus) na Usina Hidroelétrica Porto
Primavera entre os estados de Sao Paulo e Mato Grosso do Sul (Machado et al., 2006)
e em veados-campeiro (Ozotocerus bezoarticus leucogaster) no Pantanal Sul-
Matogrossense (Picoloto et al., 2010). Com base nos genes msp4 e msp1a, foi
encontrado em cervos-do-Pantanal (75%][3/4]) e veados-catingueiro (80%[20/25]) em
Minas Gerais (Silveira et al., 2012).

Sequéncias 16S rRNA de Anaplasma spp. filogeneticamente préximo a
Anaplasma platys foram detectadas em cervos-do-Pantanal na Usina Hidroelétrica
Porto Primavera (Sacchi et al., 2012).

No Pantanal sul-matogrossense, genétipos 16S rRNA de Anaplasma spp.
filogeneticamente préximos a A. bovis e A. phagocytophilum foram detectados em
quatis (22,58% [7/31]), um cachorro-do-mato (1,28%][1/78]) e em roedores
(4,54%][5/110]) (T. fosteri, C. laticeps, G. agilis, T. macrurus) (de Sousa et al., 2017).
Adicionalmente, gendétipos 16S rRNA de Anaplasma spp. filogeneticamente préximos
a A. phagocytophilum, A. odocoilei e a uma sequéncia detectada em um espécime de
Hylaeamys megacephalus foram detectados em roedores (1,97%[9/458]) (Rattus
rattus, Akodon mostensis, Sphiggurus villosus, Calomys cergueirae) amostrados nos

biomas Caatinga e Mata Atlantica (Benevenute et al., 2017).
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Por fim, Soares et al. (2017) detectaram duas sequéncias 16S rRNA de
Anaplasma sp. filogeneticamente relacionadas A. phagocytophilum e a A. bovis em
veados mateiros (Mazama americana) amostrados em Mato Grosso (100% [1/1]) e

Para (50% [1/2]), respectivamente.

3.2.3.2. Ehrlichia spp.

Estudos baseados nos genes 16S rRNA, groESL e dsb, mostraram a presenca
de Ehrlichia sp. filogeneticamente proxima a E. chaffeensis em cervos-do-Pantanal
(Blastocerus dichotomus), na proximidade da usina hidrelétrica Porto Primavera, no
rio Parana, com positividades de 42,85% (3/7) (Machado et al., 2006) e 42,65%
(61/143) (Sacchi et al.,, 2012); e em veados-catingueiros (Mazama gouazoubira)
(4%][1/25]) no estado de Minas Gerais (Silveira et al., 2012).

Sequéncias 16S rRNA de Ehrlichia spp. filogeneticamente préximas a E. canis
foram detectadas em amostras de roedores (1,1%[5/428]) (Trichomys laurentius,
Holochilus fosteri, Clyomys laticeps e Calomys cerqueirai) nos biomas Pantanal,
Cerrado e Caatinga (Benevenute et al., 2017); em cachorros-do-mato (2,5%[2/78])
(Cerdocyon thous), quatis (3,2%][1/32]) (Nasua nasua) e roedores (13,64%[15/110])
(Thrichomys fosteri, Oecomys mamorae, Gracilinamus agilis, Thylamys macrurus e
Monodelphis domestica) no Pantanal Sul-Matogrossense (de Sousa et al., 2017); em
cutias (16,7%[4/24]) (Dasyprocta azarae) amostradas em Sao Luis, Maranhéo (Braga
et al., 2018); e em um gambéa (2,7% [1/37]) (Didelphis aurita) no Rio de Janeiro
(Guimarées et al., 2019).

Um novo genotipo de Ehrlichia spp. foi detectado em felideos selvagens (7%
[5/72]) (Puma yagouaroudi, Leopardus tigrinus, Leopardus wiedii) mantidos em
cativeiro em zoologicos do estado de Séo Paulo e Brasilia. Enquanto a filogenia pelo
gene 16S rRNA mostrou proximidade dos genoétipos encontrados com sequéncias de
E. canis, a inferéncia filogenética pelo gene omp-1 os posicionou em um clado distinto,
entre sequéncias de Ehrlichia e Anaplasma, sugerindo a circulacdo de uma nova
espéecie de Ehrlichia sp. nesses animais (André et al., 2010).

André et al. (2012) detectaram a presenca de sequéncias 16S rRNA de
Ehrlichia spp. filogeneticamente relacionadas a E. chafeensis e E. canis em 15 e 16

carnivoros selvagens mantidos em cativeiro, respectivamente. Onze felideos
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(11,11%][11/99]) (Leopardus tigrinus, Leopardus pardalis, Puma concolor, Panthera
tigres, Puma yagouaroundi, Panthera leo) e quatro canideos (4%][4/100]) (Cerdocyon
thous, Canis lupus) continham sequéncias 16S rRNA filogeneticamente proximas a E.
chaffeensis em amostras sanguineas. Ainda, 10 felideos (10,1%) (Puma concolor,
Leopardus tigrinus, Panthera leo, Puma yagouaroundi, Leopardus pardalis) e seis
canideos (6%) (Speothos venaticus, Cerdocyon thous) continham sequéncias 16S
rRNA de E. canis em amostras sanguineas.

Genotipos 16S rRNA de Ehrlichia spp. filogeneticamente proximos a E.
chaffeensis e E. canis e um gendtipo omp-1 relacionado filogeneticamente com
gendtipos previamente detectados em felideos selvagens no Brasil foram detectados
em gansos-do-Orinoco (38,7% [24/62]) (Neochen jubata) amostrados no estado de
Goias (Werther et al., 2017) e em aves carnivoras (14,28[3/21]) (Falcos sparverius,
Coragyps atratus e Neochen jubata) nos estados de Mato Grosso e Sao Paulo
(Machado et al., 2012).

Com base em ensaios de PCR baseados nos genes 16S rRNA e dsb, uma
provavel nova espécie de Ehrlichia foi detectada em oncas-pintadas (20%][2/10])
(Panthera onca) no Pantanal Sul-Matogrossense O novo gendétipo encontrado alocou-
se em um clado Unico, irmédo ao clado de E. ruminantium (Widmer et al., 2011).
Posteriormente, um estudo realizado por Almeida et al. (2013) detectou fragmentos
de DNA de Ehrlichia spp, a partir dois genes supracitados em amostras de sangue de
cachorros-do-mato (3,44%][2/58]) do Espirito Santo. Na filogenia, as sequéncias
alocaram-se no mesmo clado da sequéncia previamente detectada em oncas-
pintadas. O mesmo resultado foi encontrado por Soares et al. (2017), em que
sequéncias dsb detectadas em queixadas (27,27%][3/11]) (Tayassu pecari) nos
estados de Mato Grosso e Para, alocaram-se no mesmo clado descrito anteriormente.

Lopes et al. (2018) encontraram um novo genotipo dsb de Ehrlichia sp. a partir
de uma amostra de baco de gamba (16,66%][1/6]) (Didelphis albiventris) amostrado
no Rio Grande do Norte. Tal gendtipo foi denominado Ehrlichia sp. strain Natal e

alocou-se em um clado sozinho, irmé&o ao clado de E. ewingii.

3.2.4. Ocorréncia de Anaplasmataceae em Xenarthra
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Raros sao os estudos acerca da ocorréncia de agentes Anaplasmataceae em
animais da Superordem Xenarthra. Guillemi et al. (2016) detectaram a presenca de
morulas de A. marginale em esfregaco sanguineo de um tamandua-bandeira na
Argentina. A identidade do agente foi confirmada por ensaios de PCR e
sequenciamento baseados nos genes msp-5 e mspl-a.

No Brasil, Soares et al. (2017) detectaram um novo genétipo dsb de Ehrlichia
sp. em uma preguicas-de-trés-dedos (Bradypus tridactylus) capturada no Parad. O
referido gendtipo foi alocado em um clado separado, irmdo ao clado de E. ruminantium
e proximo as sequéncias de Ehrlichia spp. detectadas em um equino no sul do Brasil
(Vieira et al., 2016) e uma onga-pintada no Pantanal (Widmer et al, 2011). Essa
mesma preguica mostrou-se positiva em ensaio de PCR para agentes
Anaplasmataceae baseado gene 16S rRNA. Embora a sequéncia tenha se alocado
em clado proximo ao de A. phagocytophilum, os autores questionaram tratar-se de
coinfeccdo ou algum erro de posicionamento filogenético, devido ao pequeno tamanho

do fragmento génico avaliado (300 pb).
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Abstract

Anaplasmataceae agents are obligatory intracellular Gram-negative a-proteobacteria
that are transmitted mostly by arthropod vectors. Although mammals of the Superorder
Xenarthra (sloths, anteaters, and armadillos) have been implicated as reservoirs for
several zoonotic agents, only few studies have sought to detect Anaplasmataceae
agents in this group of mammals. This study aimed to investigate the occurrence and
genetic diversity of Anaplasma spp. and Ehrlichia spp. in blood and spleen samples of
free-living Xenarthra from four different states in Brazil (S4o Paulo, Mato Grosso do
Sul, Rondbnia, and Pard). Nested and conventional PCR screening assays were
performed to detect the rrs and dsb genes of Anaplasma spp. and Ehrlichia spp.,

1 Este capitulo corresponde ao artigo cientifico publicado na revista Scientific Reports
https://doi.org/10.1038/s41598-020-69263-w
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respectively. The assays were positive in 27.57% (91/330) of the Anaplasma spp. and
24.54% (81/330) of the Ehrlichia spp. Of the 91 positive Anaplasma spp. samples,
56.04% were positive in a conventional PCR assay targeting the 23S-5S intergenic
region. Phylogenetic and distance analyses based on the rrs gene allocated
Anaplasma sequences from sloths captured in Ronddnia and Para states in a single
clade, which was closely related to the A. marginale, A. ovis, and A. capra clades. The
sequences detected in southern anteaters from Séo Paulo were allocated in a clade
closely related to sequences of Anaplasma spp. detected in Nasua nasua, Leopardus
pardalis, and Cerdocyon thous in Brazil. These sequences were positioned close to A.
odocoilei sequences. Genotype analysis corroborated previous findings and
demonstrated the circulation of two distinct Anaplasma genotypes in animals from
north and southeast Brazil. The first genotype was new. The second was previously
detected in N. nasua in Mato Grosso do Sul state. The intergenic region analyses also
demonstrated two distinct genotypes of Anaplasma. The sequences detected in
Xenarthra from Para and Rondonia states were closely related to those in A. marginale,
A. ovis, and A. capra. Anaplasma spp. sequences detected in Xenarthra from S&o
Paulo and were allocated close to those in A. phagocytophilum. The analyses based
on the dsb gene grouped the Ehrlichia spp. sequences with sequences of E. canis
(Séo Paulo, Mato Grosso do Sul, and Pard) and E. minasensis (Rond6nia and Para).
The data indicate the occurrence of E. canis and E. minasensis and two possible new
Candidatus species of Anaplasma spp. in free-living mammals of the Superorder

Xenarthra in Brazil.

Keys words: Anaplasmataceae, sloths, armadillos, anteaters, genetic diversity

1. Introduction
The Anaplasmataceae family (order Rickettsiales) is formed by the genera
Anaplasma, Ehrlichia, Neorickettsia, and Wolbachia [1]. They are comprised of
obligatory intracellular Gram-negative bacteria, that transmit mostly through arthropod
vectors, mainly ticks. These agents can infect different mammalian cells depending on
the infecting species. A. marginale, A. centrale, and A. ovis infect erythrocytes; A.

platys infects platelets and neutrophils; A. odocoilei infects platelets; A.
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phagocytophilum and E. ewingii infect granulocytes; A. bovis, E. chafeensis, E. canis,
E. muris, and Neorickettsia spp. infect monocytes and macrophages; E. ruminantium
infects endothelial cells, neutrophils, and macrophages; and Wolbachia spp. is an
invertebrate endosymbiont [1, 2]. They form microcolonies (morulas) in
intracytoplasmic vacuoles [3]. Domestic and wild animals are considered reservoirs,
and favor the spread of these agents that can cause diseases in animals and humans
[1, 3, 4].

In Brazil, several genotypes of A. phagocytophilum, A. marginale, A. bovis, A.
platys, E. canis, E. chafeensis, and potential new species, that are not yet named, have
been detected in different species of wild animals, including deer [5, 6, 7, 8, 9, 10, 11],
wild canids [12, 13, 14], wild felids [12, 15, 16], coatis [14], rodents [14, 17, 18, 19],
caititus and peccaries [20], opossums [21, 22], and birds [23, 24].

The Xenarthra superorder is composed of two orders: Cingulata and Pilosa.
Cingulata is characterized by the presence of a bone carapace. A representative
animal is the armadillo. Pilosa features a dense coat and the absence or
underdevelopment of teeth. Representative animals are sloths and anteaters [25, 26].
These animals are distributed from the central southern region of North America to
southern of South America [26]. They are considered reservoirs of several zoonotic
agents [27].

Studies on Anaplasmataceae agents in Xenarthra are scarce. Anaplasma
marginale was detected in a giant anteater (Myrmecophaga tridactyla) in Argentina by
blood smears and molecular confirmation by PCR assays based on the msp-5 and
mspl-a genes [28]. Genotypes of Ehrlichia spp., based on the dsb gene, and
Anaplasma spp., based on the 16S rRNA gene, were detected in a three-toed sloth
(Bradypus tridactylus) in the state of Para in northern Brazil [30].

The present study aimed to investigate the occurrence and genetic diversity of
Anaplasma spp. and Ehrlichia spp. in Xenarthra mammals sampled in four different

Brazilian states.

2. Material and Methods

2.1. Ethical Statement
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Animal procedures and management protocols were approved by the Institute
Chico Mendes for Conservation of Biodiversity (SISBIO N © 53798-5) and by the Ethics
Committee on Animal Use of the Biomedical Sciences Institute — University of S&o
Paulo (protocol number 98) and the School of Agricultural and Veterinarian Sciences
(FCAV/UNESP; protocol number 11.794). All methods and experimental protocols
were performed in accordance with the relevant FCAV/UNESP Ethics Committee

guidelines and regulations.

2.2. Sampling and sampled species

The biological samples of Xenarthra mammals originated from four Brazilian
states: Mato Grosso do Sul (MS), Sao Paulo (SP), Para (PA), and Rondbnia (RO). The
total of 330 animals included 188 brown-throated sloths (Bradypus variegatus), three
Bradypus spp., five two-toed sloths (Choloepus didactylus), 31 Choloepus spp., 31
southern anteaters (Tamandua tetradactyla), 52 Giant Anteaters (Myrmecophaga
tridactyla), three southern naked-tailed armadillos (Cabassous unicinctus), eight nine-
banded armadillos (Dasypus novemcinctus), eight six-banded armadillo (Euphractus

sexcinctus), and one giant armadillo (Priodontes maximus) (Figure 1).

Legend
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Figure 1. Number and origin of the mammals from the Superorder Xenarthra
sampled in Brazil.
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Spleen samples were collected by the Bandeiras e Rodovias Project team and
by the Wildlife Pathology Service of FCAV/UNESP during necropsies of road-killed
animals in the Cerrado biome in Mato Grosso do Sul (20°26'48.3"S 52°54'11.6"W) and
Sé&o Paulo (21°17'33.2"S 48°19'53.4"W). In the state of Mato Grosso do Sul, 55 spleen
samples (33 giant anteaters, eight southern anteaters, eight six-banded armadillos,
three southern nine-banded armadillos, one giant armadillo, and two southern naked-
tailed armadillos) were collected during 2017 and 2018. In Sdo Paulo state, 39 spleen
samples (19 giant anteaters, 16 southern anteaters, and four southern nine-banded
armadillos) were obtained from 2011 to 2018. In addition, 236 blood samples were
collected by cephalic vein venipuncture from sloths, armadillo and anteaters during the
filling process of a hydroelectric power plant in Amazonia biome in the states of
Rondénia (3°07'20.2"S 51°46'31.5"W) (n=102, comprising 65 brown-throated sloths,
31 Choloepus spp., three Bradypus spp., one giant anteater, one nine-banded
armadillo, and one southern naked-tailed armadillo) and Para (9°16'21.1"S
64°37'59.2"W) (n=134, comprising 123 brown-throated sloths, five two-toed sloths, and
six giant anteaters).

Spleen fragments and blood samples were stored in KASVI® RNAse and

DNAse-free microtubes at —70°C until DNA extraction.

2.3. Molecular analysis

DNA was extracted from 10 mg of each spleen tissue and 200 pL of each blood
sample using the DNeasy Blood & Tissue Kit (Qiagen, Valencia, CA, USA), according
to the manufacturer’ s instructions. The presence of amplifiable DNA was verified by a
conventional PCR (cPCR) assay targeting the mammalian endogenous
glyceraldehyde-3-phosphate dehydrogenase (gapdh) gene [29]. The positive samples
were subjected to specific PCR assays for Anaplasma spp. and Ehrlichia spp. (Figure
2).



Samples

- Spleen samples were collected
from Xenarthra mammals during
the necropsy of road-killed

Screening PCR assays for Anaplasma

spp. and Ehrlichia spp.

Positive samples for the
gapdh gene

PCR assays for additional
molecular characterization

Positive samples for
screening genes

Anaplasma spp. (samples positive
for rrs OR groEL genes)

+ cPCR based on 23S-5S region
intergenic [38]

+
+ qPCR based on msp-2 gene of A.

70

Purification and sequencing of
amplified products in nPCR and
cPCR assays [45]

of this

Consensus sequence using Phred-
Phrap software (version 23) [46, 47]

study with phylogenetically related
sequences [50,51]

phagocytophilum [36]

+
+ QPCR based on mspi-f of A. ‘ l
marginale (37] [ BLASTN [48] |

animals in Mato Grosso do Sul
and Séo Paulo states

- Blood samples were collected
from Xenarthra mammals .Quanél,lﬁ»::l;ozl-lln;e“(dqi‘cn) multiplex
captured in Para and Rondonia > groEL u';';' SPP- Calculation the nucleotide diversity
states " ! (), polymorphism level (diversity
t [Dh], number of
. Nested (n) PCR for Anaplasma spp. Ehrlichia spp. (samples positives in of
- rrs gene [34] dsb OR groEL genes) Alignment of the sequences of this ﬁ;‘ﬂm:ﬂ?ﬁ:’l‘&";ﬂ :::?;
+ study with others deposited in the K ing DnaSP v5 softw: 58
- GPCR for Ehrlichiaspp. dsbgene | | + cPCR based on sodB and groEL Genbank by Clustal [50]via BioEdit JKi); using DriaSF, 5 software B9,
35] genes [40,41] 511

DNA extraction from samples using +
the QlAamp DNA Blood and Tissue + nPCR based on omp-1 gene [42] ‘
Mini Kit (QIAGEN)

of the best y ¢ =
model using the jModelTest2 The alignment were submitted to

.
+ qPCR f E.
Apon based .on dgb;gene o the TCS Network [59] and distance

canis [35] software (version 2.1.6) on XSEDE " ”
+ [52] via the CIPRES Science analysis based on Split-network,
+ qPCR based on wplt of E. Gateway [53]. inferred using the programs

Analysis with Reticulate
Trees (popART) [60] and Splitstree
v 4.11.3 [61], respectively.

Conventional (c) PCR based on the
endogenous gene
(gapdh) [33]

chatfeensis [39]

Phylogenetic analyses
+ Bayesian inference (BI) by
MrBayes 3.2.1
+ Maximum Likelihood (ML) by
cluster blackbox RaxML

Figure 2. Workflow with the steps performed in the methodology of this study.

2.3.1. Anaplasma spp. detection

Screening for Anaplasma spp. based on the groEL and rrs genes was
performed using multiplex gPCR (quantitative real-time PCR) [18] and nested PCR
(nPCR) [30] protocols, respectively (Tables 1 and 2). The positive samples, for at least
one of the two protocols, were tested by gPCR assays based on the msp-2 [31] and
msp1l-B [32] genes for A. phagocytophilum and A. marginale, respectively (Table 1).
cPCR assays for Anaplasma spp. based on the 23S-5S intergenic region were also
performed [33] (Table 2).
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Table 1. Description of primers, hydrolysis probes and thermal sequences used in
gPCR assays for Ehrlichia spp. and Anaplasma spp.

Agents (target- Primers Hydrolysis probe Thermal Reference
genes) (TagMan) sequences
Ehrlichia spp. 5'- TET- 5'- - 95°C for 3 [18]
(groEL gene)* GCGAGCATAATTAC CATTGGCTCTTGCTATTGC minutes;
TCAGAG-3 TAAT- 40 cycles: 95°C
5- 3'[BHQ2a-Q]3 for 10 minutes
CAGTATGGAGCAT and 52,8°C for 30
GTAGTAG-3 seconds
Anaplasma spp.  5'- Cy-5- 5'- - 95°C for 3 [18]
(groEL gene)* TTATCGTTACATTG CCACCTTATCATTACACTG minutes;
AGAAGC-3’ AGACG- 40 cycles: 95°C
5'GATATAAAGTTAT  3[BHQ2a-Q]3’ for 10 minutes
TAAAAGTATAAAGC- and 52,8°C for 30
3 seconds
E. canis 5 — 5 FAM 95°C for 5 [34]
(dsb gene) TTGCAAAATGATGT AGCTAGTGCTGCTTGGGC minutes, 40
CTGAAGATATGAAA AACTTTGAGTGAA-[BHQ — cycles: 95°C for
CA-3 1-3] 15 seconds and
5 — 60°C for 1 minute
GCTGCTCCACCAAT
AAATGTATCYCCTA
-3
E. chaffeensis 5'- 5[TAMRA] 95°C for 3 [35]
(vipt gene) CTAATTCTGATTTA (TTGAGTGTCC[BHQ2a-Q]3’ minutes,
CACGAGTCTTC-3 40 cycles: 95°C
5'- for 10 minutes e
GCATCATCTTCGAA 55°C for 30
TTGAACTTC-3’ seconds
A.phagocytophilum 5°- 5 [FAM] (939p- 50°C for 2 [31]
(msp-2 gene) AGTTTGACTGGAAC TTAAGGACAACATGCTTGT minutes,
ACACCTGATC-3 AGCTATGGAAG-GCA- 95°C for 10
5- [TAMRA]) minutes,
CTCGTAACCAATCT 40 cycles: 95°C
CAAGCTCAAC-3° for 15 seconds
and 60°C for 1
minute
A. marginale 5- 5[FAM] 95°C for 10 [32]
(mspl-8 gene) TTGGCAAGGCAGC (TCGGTCTAACATCTCCAG minutes,
AGCTT-3 GCTTTCAT-3-BHQ1 40 cycles: 95°C
5'- for 15 seconds
TTCCGCGAGCATGT and 60°C for 1
TGCAT-3

minute

*qPCR multiplex



Table 2. Description of primers, amplicon sizes and thermal sequences used in
conventional and nested PCR assays for Ehrlichia spp. and Anaplasma spp.

Agents Primers sequences (Stﬁs Thermal sequences Reference
5'_
CACATGCAAGTCGAACGGAT
Anaplasma spp. (rrs TATTC-3’
gene) - Screening 5'- 94°C for 5 minutes
External primers TTCCGTTAAGAAGGATCTAAT 40 cycles: 94°C for 30
- gE3a CTCC’-3° 932 seconds, 55°C for 30 [30]
- gE10R 546 seconds and 72°C for 1
Internal primers 5- minutr
-gE2 GGCAGTATTAAAAGCAGCTC 72°C for 5 minutes
- gEOf CAGG-3’
5'_
AACGGATTATTCTTTATAGCT
TGCT-3"
5. 94°C for 2 minutes, 35
Anaplasma spp. cycles; 94°C for 30
(ITS — 23S-5S) AGGATCTGAET??TAGTAACGA a0 Seconds, 58°C for 30
-ITS2F 5. seconds, 72°C for 1 [33]
-ITS2R minute
CTCCCATGTC:_‘;TAAGACAAAG 729C for 5 minutes.
95°C for 2 minutes;
Ehrlichia spp. 5'- 50 cycles: 95°C for 15
(dsb gene) - GATGATGTCTGAAGATATGAA seconds, 58°C for 30
Screening ACAAAT-3’ 409 seconds and 72°C por [34]
-dsb-330 (F) 5- 30 segundos
-dsb-728 (R) CTGCTCGTCTATTTTACTTCT 72°C for 5 minutes
TAAAGT-3’
95°c for 5 minutes, 40
Ehrlichia spp. 5- cycles: 95°C for 30
(groEL gene) ATTAAGCCAGAAGAACCATTA 630 seconds, 54°C for 30
-groEL124-F1 GC-3 seconds and 72°C for 30 [36]
-groEL808-R1 5- seconds
TACTGCAATATCACCAAGCAT 72°C for 5 minutes
ATC-3’
94°C for 3 minutes; 55
5. cycles: 94°C for 10
Ehrlichia spp. ATGTTTACTTTACCTGAACTT secongs_, ?gfg for 11%
(sodB gene) CCATATC-3’ 600 seconas, por
; seconds [37]
-SodbERr1600-F y 72°C for 30 seconds
-sodbEhrl600-R ATCTTTGAGCTGCAAAATCCC 729C for 5 minutes
AATT-3
Ehrlichia spp. 5 AT(C/T)AGT(G/C)AAA(A/G,)TA 94°C for 3 minutes, 35
(omp-1 gene) (TIC)AIG)T(GIA)CCAA-3 cycles: 94°C for 1
) 5 TTA(G/A)AA(A/G)G(C/T)AAA( . R
External primers CIT)CT(T/G)CCTCC-3' minute, 50°C for 1
-conP28-F1 300 minute and 72°C for 2 [38]
Intg?r?f; 2p8rirI:;rs S'CAATGG(A/IGIT/A)GG(T/C)C 72°C rfT(])Irn gtr?wsinutes
-CONP28-F2 ’ C(AIC)AGA(AG)TAG-3
-coNP29-R2 5 TTCC(T/C)TG(A/G)TA(A/G)G(

AIC)AA(TIG)TTTAGG-3'
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2.3.2. Ehrlichia spp. detection

Screening for Ehrlichia spp. based on groEL and dsb genes was performed
using multiplex gPCR (quantitative real-time PCR) [18] and cPCR [34] protocols,
respectively (Tables 1 and 2). The positive samples, for at least one of the two
protocols, were tested by gPCR assays based on dsb [34] and vlipt [35] genes for E.
canis and E. chaffeensis, respectively (Table 1). Additionally, cPCR assays for
Ehrlichia spp. were based on the groEL [36] and sodB genes [37]. In addition, nPCR
assays for Ehrlichia spp. based on the omp-1 gene [38], were performed (Table 2).

2.3.3. Reaction conditions

All gPCR assays were performed with a final volume of 10 puL containing 1 uL
of DNA sample (concentration mean: 162.5 and 50.55 ng/uL for spleen and blood
samples, respectively), 0.2 yM of each primer and hydrolysis probe, 5 uL GoTaq Probe
gPCR Master Mix (Promega Corporation, Madison WI, USA), and sterilized ultrapure
water (Nuclease-Free Water; Promega Corporation) g.s. 9 yL. PCR amplifications
were performed in low-profile multiplate unskirted PCR plates (Bio-Rad, Hercules, CA
USA) using a CFX96 Thermal Cycler (Bio-Rad). Quantification of the number of copies
of target DNA/UL was performed using IDT psmart plasmids (Integrated DNA
Technologies, Coralville, 1A, USA) containing the target sequences. Serial dilutions
were performed to construct standard curves with different plasmid DNA
concentrations (2.0 x 107 to 2.0 x 10° copies/uL). The number of plasmid copies/uL of
the amount (g/uL) of DNA/plasmid (bp) was determined by multiplying by 6.022 x 1023,
Each gPCR assay was performed in duplicate for each DNA sample. All duplicates
showing cycle quantification (Cq) values differing by >0.5 were re-tested. Amplification
efficiency (E) was calculated from the slope of the standard curve in each run (E= 10~
Uslope) ' The reactions followed the standards established by the Minimum Information
for Publication of Quantitative real-time PCR experiments [39].

All the cPCR assays were performed using 5 yL of the DNA samples
(concentration mean: 162.5 and 50.55 ng/uL for spleen and blood samples,
respectively) in a mixture containing 1.25 U Platinum Tag DNA Polymerase (Invitrogen,
Carlsbad, California, USA), PCR buffer (PCR buffer 10 X — 100 nM Tris-HCI, pH 9.0,
500 mM KCI), 0.2 mM deoxynucleotides (dATP, dTTP, dCTP, and dGTP) (Invitrogen,
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Carlsbad, California, United States), 1.5 mM of magnesium chloride (Invitrogen,
Carlsbad, CA, United States), 0.5 uM of each primer (Invitrogen), and sterile ultrapure
water (Invitrogen) q.s.25 pL. In nPCR assays, 1 uL of the amplified product from the
first PCR reaction was used as the target DNA in the second reaction. DNA samples
from A. phagocytophilum, kindly provided by Prof. John Stephen Dumler (Uniformed
Services University of the Health Sciences, Bethesda, MD, USA), and E. canis,
obtained from DH82 cells infected with the Jaboticabal strain of E. canis [40], were
used as positive controls. Sterile ultrapure water (Nuclease-Free Water, Promega
Corporation) was used as a negative control. The products were separated by 1%
agarose gel electrophoresis at an electric current of 100 V/150 mA for 50 min. The gel
was stained with 1% ethidium bromide (Life Technologies, Carlsbad, CA, USA) and
examined under ultraviolet light illumination using the ChemiDoc MP Imaging System
(Bio-Rad) and photographed using Image Lab Software version 4.1.

The cPCR and nPCR amplified products were purified using the ExoSAP-IT
PCR Product Cleanup Reagent (Applied Biosystems, Foster City, CA, USA) and
sequenced using the BigDye Terminator v3.1 Cycle Sequencing kit (Thermo Fisher
Scientific, Waltham, MA, USA) and the ABI PRISM 310 DNA Analyzer (Applied
Biosystems) [41].

2.4. Phylogenetic analyses

The sequences obtained were submitted to a quality-screening test using
Phred-Phrap software (version 23) [42, 43] to evaluate the quality of the
electropherograms and to obtain the consensus sequences from the alignment of the
sense and antisense sequences. The BLASTn program [44] was used to compare the
obtained nucleotide sequences with previously deposited sequences in the GenBank
database [45].

The consensus sequences obtained in this study and those retrieved from
GenBank were aligned using ClustalW software version 7 [46] using Bioedit v. 7.0.5.3
[47]. The best evolutionary model was chosen using the jModelTest2 software (version
2.1.6) on XSEDE [48] via the CIPRES Science Gateway [49]. The phylogenetic
analyses were based on Bayesian inference (BI) and maximum likelihood (ML)

methods. The Bl analyses were performed using MrBayes 3.1.2 [50] via the CIPRES
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Science Gateway. Markov chain Monte Carlo simulations were run for 10® generations
with a sampling frequency of every 100 generations and a 25% burn-in. ML analyses
were performed using the Blackbox RaxML cluster [51] using 1000 bootstrapping
replicates [52]. The phylogenetic trees were edited using TreeGraph 2.0.56-381 beta

software [53].

2.5. Genetic diversity and genealogies

The genetic diversity analyses for the rrs gene and 23S-5S intergenic region of
Anaplasma spp. and for the dsb gene of Ehrlichia spp. were performed with the
sequences obtained in this study aligned to phylogenetically closer sequences of A.
phagocytophilum, A. marginale, A. ovis, A. odocoilei, Anaplasma spp., E. canis, E.
minasensis, and Ehrlichia spp. retrieved from GenBank. Clustal/W software [46] via
Bioedit v. 7.0.5.3 [47] was used for the alignment. The sequences used were at least
420 bp, 310 bp, and 310 bp for the rrs gene, 23S-5S intergenic region, and dsb gene,
respectively. Sequences that were smaller in size were excluded from the phylogenetic
analysis. These alignments were used to calculate the nucleotide diversity (1),
polymorphism level (diversity of haplotypes [Dh], number of haplotypes [h], and the
average number of nucleotide differences [K]), using DnaSP v5 software [54]. The
sequences were submitted to the TCS Network [55] and distance analysis based on
the split-network was inferred using the programs Population Analysis with Reticulate
Trees (popART) [56] and Splitstree v 4.14.6 [57], respectively.

3. Results

3.1. Occurrence of Anaplasmataceae agents in Xenarthra mammals

The mean concentration of the extracted DNA was 162.5 + 37.8 and 50.55 *
12.1 ng/uL for spleen and blood samples, respectively. All 330 DNA samples were
positive in the cPCR assay based on the endogenous gapdh gene. A total of 147
(44.54%) animals were positive for at least one agent.

Financial restraints limited the selection of samples for sequencing to only a few
among the large number of positive samples. The selection was based on two steps.
First, we selected samples that presented high intensity amplicons in agarose gel

electrophoresis. These samples were then separated according to animal species and
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region of origin. A random selection was performed to obtain at least one

representative of each positive species and of each location.

3.2. Anaplasma spp.

Of the 330 samples analyzed, 91 (27.57%) were positive for Anaplasma spp.
based on the rrs gene (Table 3). No sample was positive in the gPCR for Anaplasma
spp. based on the groEL gene. Of the 91 samples positive in the screening assays for
Anaplasma spp., 51 (56.04%) samples were positive for the 23S-5S intergenic region
of Anaplasma spp., and 7/91 (7.7%) samples were positive in the qPCR assay for A.
phagocytophilum based on the msp-2 gene. The latter positive samples were not
quantified because of the low amount of DNA of the agent in the tested samples (Monte
Carlo effect) [42] (Table 3). All samples were negative in the gPCR assays for A.
marginale (mspl-B gene) (Table 1-Supplementary Material).

Table 3. Molecular detection of Anaplasma spp. and Ehrlichia spp. in biological
samples (blood or spleen) of Xenarthra mammals.

PCR assays for

Ehrlichia spp. -
Xenarthra species (n° PCR assays for Anaplasma spp. - n° positive (%)/n° positive by n°positive (%)/n°
sampled) state positive by state
nPCR screening cPCR (23S-5S cPCR screening
(rrs gene) intergenic region) gPCR (msp-2 gene) (dsb gene)
65 (34.57%) /34 39 (20.74%) / 18 PA, 56 (29.78%) / 42PA,
Bradypus variegatus (188) PA, 31 RO 19 RO 2 (3.07%) /2 PA 14RO
Bradypus sp. (3) 2 (66.66%) / 2 RO 2 (66.6%) / 2 RO 0 2 (66.66%) / 2 RO
Choloepus didactylus (5) 2 (40%) /2 PA 1(20%) /1 PA 0 1 (20%) / 1PA
13 (41.93%)/ 13
Choloepus sp (31) RO 6 (19.35%) / 6 RO 0 5(16.12%) /5 RO
5 (16.12%) / 1 PA, 10 (32.25%) / 1 PA, 4
Tamandua tetradactyla (31) 4 SP 3(9.677%) / 3 SP 5(16.12%) / 1PA, 4 SP MS, 5 SP
7 (13.46%) / 3 SP, 4
Myrmecophaga tridactyla (52) 0 NT NT MS
Cabassous unicinctus (3) 2 (66.66%) / 2 MS 0 0 0
Dasypus novemcinctus (8) 1(12.5%) /1 MS 0 0 0
Euphractus sexcinctus (8) 1(12.5%)/1MS 0 0 0
Priodontes maximus (1) 0 NT NT 0
Total = 330 91 51 7 81

PA=Para; RO=Rondo6nia; SP=S&o Paulo; MS=Mato Grosso do Sul; NT: samples not tested due to negative results in the screening PCR assays.
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Table Supplementary Material 1. Results of efficiency, R?, slope and Y-intercept
of gPCR assays for Ehrlichia spp. and Anaplasma spp.

- . Slope .
Gene (Agent) Efficiency Variation R?Variation (mean) Variation \_(-lr_]tercept
(mean) (mean) Variation (mean)

groEL (Ehrlichia spp.) 84.7-97% (90.70%)  0.971-0.991 (0.9835) '3'7(?335:7'135')397 38'7(% 62)2'30
groEL (S/?)r;a)p'asma 100.3 -104.3% (102.6%)  0.993 - 0.991 (0.991) -3'3(% ééi')zz“ 37";% '12;3'61
phag(‘ii’/'tiéﬁi'lum) 100.1 - 103.5% (101.02%)  0.991 - 0.998 (0.995) '3'31?? 2'9'%24 ¢ 38'%2 éi’gjl%
msp1-B (A. marginale)  97.2 - 104.1% (100.65%)  0.994 - 0.988 (0.991) '3'3?_23'3'13)'228 44'7(1‘2 bg%zzg
dsb (E. canis) 99.2-103.8% (101.5%)  0.987 - 0.993 (0.99) '3'3(‘_‘3% éég')z‘% 41'?;‘1555‘:)%)256
Vit (E. chaffeensis) ~ 101.5 - 104.6% (103.05%)  0.908 - 0.975 (0.942) '3'2(5_33 éﬁf” 42'2(292’ '73ng04

3.2.1. rrs gene

Of the 91 samples, 25 (27.47%) positive samples for Anaplasma spp., based
on the rrs gene, were sequenced. The sequences obtained were deposited in
GenBank under accession numbers MT199810 to MT199833.

BLASTnN analysis showed that nine rrs Anaplasma sequences obtained from
animals sampled in Rondénia and Para states showed identity ranging from 97.39 to
98.48% with sequences of A. phagocytophilum detected in Haemaphysalis longicornis
(GU064895) and in Chinese water deer (Hydropotes inermis; KR611598) sampled in
Korea. The 16 remaining sequences of animals from the same states showed identities
ranging from 97.71 to 99.38% with Anaplasma spp. genotypes detected in Rattus
rattus from Brazil (KY391803) and in a goat from Saudi Arabia (LC467273). Two
sequences detected in Xenarthra sampled from S&o Paulo state showed identities of
99.04 and 99.50% with Anaplasma spp. detected in a Brazilian Brown Brocket Deer
(Mazama gouazoubira; KF020580) and in a coati (N. nasua; KY499186) from Brazil,
respectively. One sequence from S&o Paulo showed 98.69% identity with A.
phagocytophilum detected in a dromedary from Tunisia (KC455363) (Table 4).
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Table 4. Percentage of identity assessed by BLASTn of Anaplasma and Ehrlichia
sequences detected in Xenarthra mammals .

Species — ID / Localization Target gene Query Identity (%) GenBank accession numbers
Coverage (%)
B. variegatus — BM6 / PA 99 99.35
B. variegatus — BM27 / PA 100 99.34
B. variegatus — BM31 / PA 100 99.35
B. variegatus — BM37 / PA 98 99.35
C. didactylus — BM85 / PA 100 99.11
B. variegatus — BM117 /PA 99 99.33 Anaplasma sp. - rodent from Brazil
B. variegatus — BM175 / PA Rrs 100 99.10 (K\.(391803)
B. variegatus — BM353 / PA 98 99.36
B. variegatus — BM415 / PA 97 99.36
B. variegatus — PV709 / RO 100 98.58
Bradypus sp. — PV1080 / RO 100 99.34
B. variegatus — PV1190 / RO 99 99.38
Choloepus sp.— PV1225/ RO 95 99.36
B. variegatus — BM32 / PA 100 98.37
B. variegatus — BM111 / PA 99 98.48 A. phagocytophilum -
CB:.hv?riegatus - Bgllvlfg //Rpé R 19(;90 gggg Haema'p‘;lysglis Ion%icornis from
oloepus sp. — rs .
B. variegatus — PV428 / RO 100 98.37 South Korea (GU064895)
B. variegatus — PV442 /| RO 100 98.29
Choloepus sp.— PV1102 / RO 100 98.44
B. variegatus — BM80 / PA Rrs 99 97.71 Anaplasma sp. - goat from Saudi
Arabia (LC467273)
B. variegatus — BM128 / PA Rrs 100 97.39 A. phagocytophilum -
water-deer from Korea
(KR611598)
T. tetradactyla — 60/SP Rrs 100 98.69 A. phagocytophilum -
dromedary from Tunisia
(KC455363)
T. tetradactyla — 90/SP Rrs 100 99.04% Anaplasma sp. of Brazilian Brown
Brocket (KF02058)
T. tetradactyla — 94/SP Rrs 98 99.50 Anaplasma sp. — coati (Nasua
nasua) from Brazil (KY499186)
B. variegatus — BM12 / PA 99 90.20
B. variegatus — BM31 / PA 99 90.97
B. variegatus — BM167 / PA 100 90.87
B. variegatus — BM181 / PA 100 90.85
B. variegatus — PV14 / PA Interaenic 100 90.89
B. variegatus — PV16/PA regiong(23S- 100 90.89 A. marginale — cattle from Brazil
B. variegatus — PV399 / RO 55) 100 90.91 (CP023731)
B. variegatus — PV737 / RO 100 90.89
B. variegatus — PV415/ RO 100 90
Bradypus sp. — PV1080 / RO 100 90.89
Choloepus sp. — PV1177 / RO 100 90.89
Choloepus sp. — PV1206 / RO 100 90.89
T. tetradactyla — 58 / SP InFergenic 100 90.74 A. phagocytophilum - sheep from
T. tetradactyla — 66 / SP reglosns()23s- 99 90.58 Norway (CP01376)
T. tetradactyla — NEC17 / MS 100 100
T. tetradactyla — NEC19 / MS 100 100
M. tridactyla — NEC34 / MS 100 100
M. tridactyla — NEC63 / MS 100 100
M. tridactyla — 75 / SP dsb 100 100 E. canis - dog from Colombia
M. tridactyla — 83 / SP 100 100 (MK783026)
D. novemcinctus — 89 / SP 100 100
B. variegatus — BM24 / PA 100 100
B. variegatus — BM51 / PA 100 100
B. variegatus — BM61 / PA 100 100

T. tetradactyla — BM177 / PA dsb 99 100
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B. variegatus — BM16 / PA 100 99.38 E_minasensis - cattle from

B. variegatus — BM180 / PA 100 99.70 'Australia (MH500007)

B. variegatus — PV35 / RO 96 99.71

B. variegatus — PV41/ RO 87 99.43

B. variegatus — PV14 / RO 99 100

B. variegatus — PV726 / RO dsb 99 99.47 E. minasensis - Rhipicephalus

B. variegatus — PV737 / RO 93 98.96 microplus from Brazil (JX629808)
Choloepus sp. — PV1165 / RO 99 99.47

The phylogenetic analysis inferred by the Bl method (Figure 3a) positioned all
the sequences obtained in Rondbnia and Pard states in a single clade that was
phylogenetically closer to Anaplasma spp. genotypes detected in rodents in Brazil
(KP757841 and KY391803), with 89% branch support. Despite forming a single clade,
the obtained sequences showed greater proximity to the clade of Anaplasma spp.
found in ruminants (A. capra, A. ovis, and A. marginale). On the other hand, the
sequences obtained from anteaters of Sdo Paulo state were allocated to a clade closer
to the sequences of Anaplasma spp. detected in ocelots (Leopardus pardalis), coatis
(Nasua nasua), and crab-eating foxes (Cerdocyon thous) from the Pantanal natural
region in southern Brazil, with 87% branch support. This clade was sister to the clade
of A. odocoilei, with 90% branch support. Results of the ML analysis (Figure 3b)
concurred (or agreed) partially with the Bl analysis. While the sequences obtained in
Rondbénia and Para states formed a single clade close to the clade of Anaplasma spp.
found in ruminants, the Anaplasma sequences obtained from Xenarthra of S&o Paulo
were subdivided into different clades, allocated close to the clade of A. odocoilei.

Additionally, four (BM31, BM32, BM128, and BM129) of the seven positive
samples for A. phagocytophilum, based on the msp2 gene, were sequenced for the rrs
gene. Interestingly, three sequences had a high identity with A. phagocytophilum by
the BLASTn analysis. However, in the phylogenetic analysis, they were positioned
together with rrs sequences of other Anaplasma spp. obtained in Rond6nia and Paréa
states. BLASTn directly presented a greater identity of one sequence (BM31) with
Anaplasma sp. of Rattus rattus
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sp. MWG-2019, Capra hircus, Saudi Arabia (LC467273)

[

100 bovis, cattle, India (MH244925)
‘—Anaplasma bovis, wild deer, Japan (AB211163)
100, capra, P China (MH762077)
A capra, Rhipic i China (

Anaplasma marginale, Bos taurus, Philippines (LCOO7100)
Anaplasma marylnale cattle, Uganda (KU686774)
ovis, Iran (MF979832)
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Figure 3. Phylogenetic analysis of Anaplasma rrs sequences based on the topology generated by Bayesian model (A) and
Maximum Likelihood (B), with TVM+I1+G as evolutionary model. Ochrobactrum anthropi, Brucella melitensis and Mesorhzobium loti
were used as an external group.
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Genotype analysis based on 38 rrs Anaplasma sequences, including 18
sequences obtained in this study and sequences of A. marginale, A. ovis, A.
phagocytophilum, A. odocoilei, and Anaplasma spp., indicated the presence of 12
genotypes, with m = 0.01719, hd = 0.808, and K = 7.16643 (Table 5 and Figure 4a).
Eight genotypes comprised more than one sequence. Genotype #3 comprised two
sequences of A. phagocytophilum detected in South Korea. Genotype #4 comprised
16 sequences detected in sloths from Rondbnia and Para (this study). Genotype #5
comprised three sequences of A. phagocytophilum detected in the United States and
Norway. Genotype #6 grouped two sequences of A. marginale detected in cattle from
the Philippines and Uganda. Genotype #7 grouped two sequences of A. ovis detected
in sheep and deer in China. Genotype #8 grouped the two sequences detected in
anteaters from Sao Paulo state (this study) and one sequence detected in a coati
(Nasua nasua) from MS. Genotype #11 comprised three sequences of A. odocoilei
sequences detected in cervids and a fly (Lipoptena depressa) in the United States.
Finally, genotype #12 grouped sequences of Anaplasma sp. detected in ocelot
(Leopardus pardalis), crab-eating fox (Cerdocyon thous), and coati from Brazil.

Regarding the genotype network (Figure 4a), it could be inferred that genotype
#4, which comprises the rrs sequences of Anaplasma detected in sloths from Rondbnia
and Para states, was derived from genotype #1, which comprises a sequence found
in Rattus in Brazil (KY391803), upon a mutational event. Both genotypes originated
from a median vector (genotype not contemplated in the presented tree). On the other
hand, genotype #8, which covers the two sequences obtained in this study in anteaters
from S&o Paulo state and a coati sequence obtained in the state of MS, originated from
a median vector upon a mutational event. Moreover, the sequences of A. odocoilei
also originated from the same median vector. Additionally, genotype #8 gave rise to
genotype #12, composed of sequences obtained from different wild animals sampled
in the state of MS.

Split-network analysis based on the rrs gene (Figure 4b) corroborated the
genotype network, since the Rondbénia and Pard sequences were all positioned
together and closer to the Anaplasma spp. sequence previously detected in R. rattus.

The phylogenetic analysis revealed that they were positioned closer to the A. ovis
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sequences. The sequences detected in S&do Paulo were closely positioned to the

sequences of A. odocoilei.

Table 5. Genetic diversity and polymorphisms of Anaplasma rrs and 23S-5S intergenic
region and Ehrlichia dsb sequences.

dh
0,

Genel/agent bp N VS GC% h (mean+SD) ™ (Mean+SD) K
”S/Ag?)‘;'asma 417 38 21 0519 12 0,808+0,059 0,01719+0,00118 7,16643
Intergenic

region (23S- 50, 53 66 0472 8 0,719:0,094 008454001005 20948
5S)/Anaplasm 6
a spp.

dsb/Ehrlichia

spp 260 29 19 0,329 4 0,569+0,057 0,0357+0,00221  9,28079

N= number of sequences analyzed, VS=number of variable sites, GC%=C+G content, h=number of genotypes, dh=diversity of
genotypes, SD=standard deviation, Tr=nucleotide diversity (per site), K=nucleotide difference number
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Figure 4. TCS network (A) and Split-network based on distance (B) of rrs sequences
from A. marginale, A. phagocytophilum, A. ovis and those obtained in the present
study.
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3.2.2. 23S-5S region intergenic

Fourteen (27.45%) of 51 positive samples for Anaplasma spp. based on the
23S-5S intergenic region were sequenced. The sequences obtained were deposited
in GenBank under access numbers MT267341 to MT267354.

BLASTnN analysis showed that 12 sequences obtained in Rondbnia and Para
states showed identity ranging from 90 to 90.91% with A. marginale detected in a
bovine animal from Brazil (CP023731), and two sequences from S&o Paulo showed
90.58 and 90.74% identity with A. phagocytophilum detected in a sheep from Norway
(CP015376) (Table 4).

Phylogenetic analyses based on the 23S-5S intergenic region of Anaplasma
spp. positioned the sequences detected in Xenarthra in two distinct clades, composed
only of sequences found in this study. The first clade was composed of the sequences
detected in sloths from the Ronddnia and Paré states, which was in close proximity to
the clade of A. marginale and A. ovis. The second clade was composed of sequences
obtained from anteaters from SP, which were in close proximity to the clade of A.
phagocytophilum. Both the Bl (Figure 5a) and ML analyses (Figure 5b) presented the
same topology, although ML presented a better definition of the clades. The index of
clade support was 100 and 99% for Rondbénia and Para clade 1 and 89 and 100% for
SP clade 2, in the Bl and ML analyses, respectively. Of the seven (7.7%) positive
samples in the gPCR for the msp2 gene of A. phagocytophilum, only one (14.28%)
was positive in the PCR based on the 23S-5S region. However, it was closer to A.
marginale in both the BLASTn and phylogenetic analyses.
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Figure 5. Phylogenetic analysis of Anaplasma 23S-5S sequences based on the
topology generated by Bayesian (A) and Maximum Likelihood (B) models, with HKY+G
as evolutionary model. Ehrlichia muris and Ehrlichia chaffeensis were used as an
external group.

Genotype analysis based on 23 Anaplasma 23S-5S sequences, which included
14 sequences obtained from the Xenarthra sampled in this study as well as A.
marginale, A. ovis, and A. phagocytophilum sequences, obtained eight different
genotypes, with 1=0.08454, hd=0.719, and K=24.09486 (Table 5 and Figure 6a). Four
genotypes comprised more than one sequence. Genotype #1 comprised all 12
Anaplasma 23S-5S sequences from sloths sampled in Rondénia and Para states.
Genotype #8 comprised two sequences detected in giant anteaters from Sao Paulo
state. Genotype #2 comprised three sequences of A. marginale previously detected in
Brazil and Mexico. Genotype #5 comprised two sequences of A. phagocytophilum
detected in the United States and Norway. Based on the network of genotypes (Figure
6a), genotype #1 originated from a median vector and several mutational events. The
same median vector also originated from genotypes #2 and #4, corresponding to
sequences of A. marginale. Genotype #8 also originated from a median vector, which
in turn originated from genotype #7, and gave rise to genotypes #5 and 6, comprised
of A. phagocytophilum sequences.

Corroborating the genotype network findings, the split-network analysis, based
on the 23S-5S intergenic region (Figure 6b), showed a clear separation between the
sequences detected in Ronddnia and Para states, and those detected in S&o Paulo



87

state. Additionally, the Xenarthra sequences from Rondénia and Para states were
closer to the A. marginale and A. ovis sequences. The Xenarthra sequences from Sao
Paulo were allocated close to A. phagocytophilum, corroborating the findings obtained

in the other analyses.
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Hap_S, 6,7 PV399, PV415, PV737, PV1080, PV1177, PV1206 Hap il

Figure 6. TCS network (A) and Split-network based on distance (B) of 23S-5S
seqguences from A. marginale, A. phagocytophilum, A. ovis and those obtained
in this study.
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3.3. Ehrlichia spp.

Of the 330 samples screened for Ehrlichia spp., 81 (24.54%) were positive in
cPCR assays based on the dsb gene (Table 3). No sample was positive in gPCR for
Ehrlichia spp. based on the groEL gene. No samples were positive in the cPCR (groEL
and sodB genes), in the nested PCR (omp-1 gene) assays for Ehrlichia spp., and in
the gPCR assays for E. canis (dsb gene) and E. chaffeensis (vipt gene) (Table 6-
Supplementary Material).

Nineteen (23.45%) of 81 samples positive for Ehrlichia spp. PCR based on the
dsb gene were sequenced. The sequences obtained were deposited in GenBank
under access numbers MT212405 to MT212423.

BLASTnN analysis showed that 10 sequences were identical to E. canis detected
in a dog from Colombia (MK783026). The remaining nine sequences showed identities
ranging from 98.96 to 100% with E. minasensis detected in Rhipicephalus microplus
from Brazil (JX629808) and in bovine from Australia (MH500007) (Table 4).

Phylogenetic analyses based on the dsb gene of Ehrlichia spp. positioned the
sequences obtained in this study in the E. canis and E. minasensis clades. The
sequences obtained from S&o Paulo and Mato Grosso do Sul, and three from Para
were grouped in the clade of E. canis, and four sequences from Para and all from
Rondo6nia were grouped in the clade of E. minasensis. The topologies of phylogenetic
trees obtained by both BI (Figure 7a) and ML (Figure 7b) methods corroborated the
findings. Additionally, ML analysis inferred a subdivision within the E. canis clade. Five
sequences found in Xenarthra mammals formed a minor clade close to a sequence
detected in a dog from Colombia. Four sequences formed a second clade with the
other sequences of E. canis analyzed. Finally, a sequence obtained from a M. tridactyla
(83) from Sao Paulo was positioned separately from the others, with 98% branch

support.
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Ehrlichia muris subsp. eauclairensis, human, USA (KU672594)

100 [: Ehrlichia muris, USA (AY236484)
Ehrlichia muris subsp. eauclairensis, human, USA (KU672594)

Figure 7. Phylogenetic analysis of Ehrlichia dsb sequences based on the topology generated by Bayesian model (A) and
Maximum Likelihood (B), with TrN+I+G as evolutionary model. Ehrlichia muris and Ehrlichia chaffeensis were used as an

external group.
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Genotypes based on 29 Ehrlichia sequences were analyzed. These included 17
sequences obtained in this study as well as E. canis and E. minasensis sequences
detected in different countries. A total of four genotypes were found, with 11 = 0.03570,
hd = 0.569, and K = 9.28079 (Table 5). Genotype #1 comprised all sequences of E.
canis retrieved from GenBank as well as the sequences detected in Xenarthra sampled
in this study in S&o Paulo and Mato Grosso do Sul, and three sequences from Para
(BM24, BM51, and BM61). Genotype #2 comprised all E. minasensis sequences
retrieved from GenBank, three Xenarthra sequences sampled in Rondénia, and four
from Para (BM16, BM177, BM180, PV14). Genotypes #3 and #4, on the other hand,
comprised unique sequences detected in specimens of B. variegatus from Ronddnia,
PV337, and PV41, respectively. Based on genotype network analysis (Figure 8a),
genotype #1 (E. canis) originated from genotype #3 through several mutational events.
The latter seems to have originated from genotype #2 (E. minasensis), which, in turn,
originated from genotype #4, both from a mutational event. The split-network analysis
corroborated the main findings described by the genotype network analysis (Figure
8b).
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Figure 8. TCS network (A) and Split-network based on distance (B) of dsb sequences
of E. canis, E. minasensis and those obtained in the present study.

3.4. Co-positivity for Anaplasma spp. and Ehrlichia spp.
Of the 147 positive animals, 25 (17%) were co-positive for Anaplasma spp. and

Ehrlichia spp., among 21 sloths (18 B. variegatus [12 from Para and six from
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Rondbnia], one C. didactylus from Pard, one Bradypus spp. and one Choloepus spp.
from Rondénia), and four anteaters (three T. tetradactyla and one M. tridactyla from

Séo Paulo).

4. Discussion

The present study revealed a high rate of positivity for Anaplasma spp. and
Ehrlichia spp. in Xenarthra mammals sampled in four different Brazilian states. Of the
330 animals, 147 (44.54%) were positive for at least one of the agents. Of these, 25
(17%) were positive for both Ehrlichia spp. and Anaplasma spp. Until this study,
molecular data concerning Anaplasmataceae agents in biological samples of the
Superorder Xenarthra have been scant. Guillemi et al. [28] detected the presence of
A. marginale morulae in blood smears from a giant anteater in Argentina, which was
confirmed by PCR assays based on msp-5 and mspl-a genes. In Brazil, Soares et al.
[20] detected a new dsb genotype of Ehrlichia sp. in a three-toed sloth (Bradypus
tridactylus) obtained in the state of Para. The sequence was allocated a separate clade
that was sister to the clade of E. ruminantium, and close to the sequences of Ehrlichia
spp. detected in a horse and a fox in Brazil. The same animal was positive for the rrs
gene, whose sequence was allocated in a clade close to A. phagocytophilum.

The present study reports the occurrence of two possible species of Anaplasma
spp. in mammals of the Superorder Xenarthra from Brazil, since the two genes
analyzed showed low identity values obtained by BLASTn and the phylogenetic
findings positioned the sequences obtained in this study in single clades that were
separate from the others.

BLAST analyses performed for Anaplasma spp. showed that all rrs sequences
detected in sloths from the states of Ronddénia and Pard showed identity values lower
<99% (not exceeding 98.5%) with sequences of A. ovis, A. marginale, and A. centrale.
Additionally, the sequences detected in anteaters from S&o Paulo also showed an
identity <99% with sequences of A. phagocytophilum and A. odocoilei. However, these
same sequences showed an identity >99% with an Anaplasma sequence previously
detected in a coati from MS (KY4999186). Previous studies have defined rrs
seguences as having at least 95% identity to be identified at the genus level and 99%

to be identified at the species level [58, 59, 60]. In view of this, we have proposed two



93

new species circulating in these animals, and the species detected in Sdo Paulo’s
anteaters is probably the same as that found in the Mato Grosso do Sul coatis. The
analyses performed in the 23S-5S region intergenic sequences corroborated with the
rrs gene. The identities obtained were quite low, not exceeding 90%, strengthening the
hypothesis of two new species.

The phylogenetic analyses corroborated the BLASTn results. The analysis of
the rrs sequences of Anaplasma spp. obtained from sloths of Ronddnia and Para were
allocated close to two Anaplasma sequences previously detected in rodents (R. rattus
and H. megacephalus) from Brazil. In addition, the clades formed by these two
sequences and those found in the present study had a sister clade formed by A.
marginale, A. ovis, and A. capra. The Anaplasma sequences detected in anteaters
from S&o Paulo were allocated in a clade close to a new genotype of Anaplasma spp.
previously detected in wild mammals from the Pantanal Sul-matogrossense.

A similar topology was observed in the phylogeny based on the 23S-5S
intergenic region, in which the clade formed by the Anaplasma sequences from
Xenarthra sampled in Rondénia and Para was a sister clade that was formed by
Anaplasma species detected in ruminants. The two Anaplasma sequences obtained
from anteaters in the state of S&o Paulo were in a clade completely separated from the
other sequences, although they were closer to the A. phagocytophilum clade, raising
guestions about the possible influence of the geographical location or host species on
the occurrence of Anaplasma species that affect these animals.

Out of the seven samples positive in the gPCR for the msp2 gene of A.
phagocytophilum, only one (14.2%) was positive in the PCR based on the 23S-5S
region. Despite this, it was phylogenetically related to the clade formed by A. marginale
and A. ovis. Similarly, four samples that were also positive for the msp2 gene were
positioned close to the clade of A. marginale, A. ovis, and A. capra in the phylogenetic
analysis based on the rrs gene. This potentially indicates the possibility of the
aforementioned gPCR protocol to amplify msp-2 gene fragments from Anaplasma
species phylogenetically related to A. phagocytophilum. Alternatively, the animals may
have been co-infected with A. phagocytophilum and the new Candidatus species.

MSP2, an external membrane protein present in all Anaplasma species, is encoded by
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several polymorphic genes in A. marginale, A. centrale, and A. ovis, and by only one
gene in A. phagocytophilum [61].

To better understand the results, genetic diversity analysis and distance
genealogies were performed. The results of both corroborated the previously
presented phylogenetic positioning. For both the rrs gene and the 23S-5S intergenic
region, the genotype analyses showed that the Anaplasma sequences obtained in
Rondbnia and Paré states formed new genotypes (#4 and #1, for rrs and intergenic
regions, respectively), whereas the sequences obtained from anteaters in the SP state
comprised one genotype (#8 for rrs and intergenic region).

In addition, the genotype network based on the rrs gene suggests that the
genotype circulating in sloths in Rondbénia and Para states might have originated
through three mutational events from genotype #1, which was detected in a R. rattus
from Brazil, explaining the proximity of both in phylogenetic analysis. The genotype
circulating in S&o Paulo anteaters is the same genotype previously found in a coati in
Mato Grosso do Sul, which might have originated through a mutational event from a
median vector. Additionally, the genotype network based on the intergenic region
suggests that both genotypes (#1 and #8) found in this study might have originated
from different median vectors through numerous mutational events. The distance
analysis for both genes showed that Anaplasma sequences obtained from Xenarthra
sampled in the northern region of the country were positioned apart from the others,
but were closer to A. marginale and A. ovis. On the other hand, the sequences obtained
from Xenarthra sampled in Sdo Paulo were positioned apart, albeit closer to A.
odocoilei and A. phagocytophilum, based on the rrs gene and intergenic region,
respectively.

All analyses corroborated and provided strong evidence of the circulation of two
new species of Anaplasma in Xenarhtra in Brazil, related to the region inhabited by
these animals. We propose naming the species circulating in Rondbnia and Para
states as Candidatus Anaplasma amazonensis and the species detected in Sdo Paulo
as Candidatus Anaplasma brasiliensis. Further studies are needed to validate these
species as well as to determine the vectors responsible for their transmission.

Regarding the findings for Ehrlichia spp., all analyses including BLASTN,

corroborated and grouped the sequences as E. canis or E. minasensis. In addition,
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two sequences detected in sloths phylogenetically close to E. minasensis formed two
new and distinct genotypes (#3 and #4).

The rrs genotypes phylogenetically related to E. canis have been increasingly
described in wild animals from Brazil, and have already been detected in wild canids
[12, 14], wild felids [15], rodents [14, 18, 19], coatis [14], and geese (Neochen jubata)
[24]. E. minasensis, a recently described species that is genetically similar to E. canis
[62, 63], can infect and cause clinical signs in cattle in central-western Brazil [64]. It
has already been detected in cattle in North America [65], Ethiopia [66], Brazil [64], in
cervids in Canada [67], dogs in Israel [68], and in several species of ticks [68, 69, 70,
71,72, 73, 74].

Interestingly, the dsb sequences of E. canis obtained from Xenarthra mammals
comprised animals sampled in the states of Sdo Paulo, Mato Grosso do Sul, and
portions of Para. The dsb sequences of E. minasensis were obtained from animals
from Rondénia and Pard states. Similar to the analysis of rrs and 23S-5S Anaplasma
sequences, these findings again raise questions about the possible regionalization of
the Ehrlichia and Anaplasma species found in Xenarthra from Brazil.

Tick vectors of E. canis include R. sanguineus sensu lato (tropical lineage) and
D. variabilis [75, 76, 77]. Although DNA from E. minasensis has already been detected
in tick species that include Rhipicephalus (R. microplus and R. sanguineus) [68, 69,
72, 73], Hyalomma spp. [71, 72], Haemaphysalis hystricis [74], and Amblyomma
sculptum [72], the vectorial competence and capability have not been assessed thus
far.

The clear dichotomy between the Ehrlichia and Anaplasma species that infect
Xenarthra from different regions of the country may be related to the distribution and
abundance of tick species that function as Anaplasmataceae vectors [78]. However,
previous studies performed in different Brazilian states have shown that the different
tick species that parasitize Xenarthra mammals are more correlated to the host species
than to the geographic region. For instance, sloths are mainly parasitized by
Amblyomma varium and A. geayi, with the latter found more in the state of Para. While
giant anteaters and southern anteaters are usually parasitized by A. nodosum, A.
sculptum, and A. calcaratum, armadillos are frequently parasitized by A.

pseudoconcolor, A. auricularium, and A. sculptum [79, 80, 81, 82, 83]. These studies
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show the high parasitic specificity of some species of ticks that infest these animals.
For instance, the ticks collected from anteaters from the state of S&o Paulo in the
present study were all identified as A. nodosum, which was the most frequently found
species in this group of animals (data not shown).

The vectorial capacity of the tick species frequently found in Xenarthra
mammals for Anaplasmataceae agents is still unknown. Although the majority of ticks
that parasitize this group of mammals belong to the genus Amblyomma spp., the main
vectors of Ehrlichia spp. in Brazil belong to the genus Rhipicephalus spp. Further
studies should be conducted to assess the vectorial capacity of these ticks and to
better understand the genetic diversity of Anaplasmataceae agents that infect
mammals of the Xenarhra superorder in Latin America as well as the possible role of

these animals in the epidemiological cycle of these agents.

5. Conclusion

The present study showed the high occurrence of Anaplasma spp. (27.57%)
and Ehrlichia spp. (24.54%) in free-living Xenarthra mammals sampled from four states
in Brazil. In addition, the study provides the first description of the occurrence of E.
canis and E. minasensis in this group of mammals. The analysis of two genetic regions
of Anaplasma spp., one conserved (rrs), and another one more diverse (intergenic
region 23S-5S) revealed similar results of the low identity in BLASTn analysis,
phylogenetic positioning in two different clades that were separate from the others
containing known species, and formation of two different genotypes from those
comprising known Anaplasma species by the diversity analysis. Based on these
findings, we propose two new Candidatus species—Candidatus Anaplasma

amazonensis and Candidatus Anaplasma brasiliensis— in Xenarthra from Brazil.

Acknowledgements
The authors would like to thank “Fundacdo de Amparo a Pesquisa do Estado

de Sao Paulo” for the financial support (FAPESP Process number 2018/02753-0) and
A.C.C.’s Master Scholarship (FAPESP Process number 2018/13838-6). MRA is a
fellowship researcher of “Conselho Nacional de Desenvolvimento Cientifico e
Tecndlogico” (CNPq Process number #302420/2017-7). We are also thankful to



97

“Laboratério de Biologia Evolutiva e Conservagao” tissue bank, Institute of Biology (IB),
USP (Sao Paulo, SP, Brazil) and ICAS (Instituto de Conservacgao de Animais Silvestres
- Projeto Bandeiras e Rodovias). We are also thankful to Renan Bressianini do Amaral

for bioinformatics technical assistance.

Author contributions
Conception and design: Ana Claudia Calchi and Marcos Rogério André

Acquisition of data: Ana Claudia Calchi, Juliana Gaboardi Vultdo, Mario Henrique
Alves, Débora Regina Yogui, Arnaud Leonard Jean Desbiez, Mariele De Santi,
Matheus de Souza Santana, Thiago Merighi Vieira da Silva, Karin Werther and Marta
Maria Geraldes Teixeira

Analysis and Interpretation of data: Ana Claudia Calchi, Rosangela Zacarias
Machado and Marcos Rogério André

Drafting the article: Ana Claudia Calchi, Juliana Gaboardi Vultdo, Mario Henrique
Alves, Débora Regina Yogui, Arnaud Leonard Jean Desbiez, Mariele de Santi,
Matheus de Souza Santana, Thiago Merighi Vieira da Silva, Karin Werther, Marta

Maria Geraldes Teixeira, Rosangela Zacarias Machado and Marcos Rogério André
Competing interests

The authors declare no competing interests.
Data availability

The data tha support the findings of this study are openly available in National Center
for Biotechnology Information at https://www.ncbi.nim.nih.gov/, reference number rrs:
MT199810-MT199833; dsb: MT212405-MT212423; 23S-4S intergenic region:
MT267341-MT267354.

References
[1] Dumler, J.S. et al. Reorganization of genera in the families Rickettsiaceae and

Anaplasmataceae in the order Rickettsiales: unification of some species of Ehrlichia
with Anaplasma, Cowdria with Ehrlichia and Ehrlichia with Neorickettsia, descriptions

of six news species combinations and designation of Ehrlichia equi and 'HGE agent’



98

as subjective synonyms of Ehrlichia phagocytophila. Int. J. Syst. Evol. Microbiol. 51,
2145-2165 (2001).

[2] Rar, V. & Golovljova, I. Anaplasma, Ehrlichia, and “Candidatus Neoehrlichia” bacteria:
pathogenicity, biodiversity, and molecular genetic characteristics, a review. Infect. Genet.
Evol. 11, 842-1861 (2011).

[3] Doudier, B., Olano, J., Parola, P., & Brouqui, P. Factors contributing to emergence
of Ehrlichia and Anaplasma spp. as human pathogens. Vet. Parasitol.167,149-154
(2010).

[4] Parola, P., Davoust, B., & Raoult, D. Tick and flea-born rickettsial emerging
zoonoses. Vet. Res. 36, 469-492 (2005).

[5] Machado, R. Z., Duarte, J.M.B., Dagnone, A.S., & Szab6, M.P.J. Detection of
Ehrlichia chaffeensis in Brazilian marsh deer (Blastocerus dichotomus). Vet. Parasitol.
139, 262-266 (2006).

[6]Picoloto, G. et al. Real time polymerase chain reaction to diagnose Anaplasma
marginale in cattle and deer (Ozotoceros bezoarticus leucogaster) of the Brazilian
Pantanal. Rev. Bras. Parasitol. Vet. 19,186-188.

[7] Sacchi, A.B.V., Duarte, J.M.B., André, M.R., & Machado, R.Z. Prevalence and
molecular characterization of Anaplasmataceae agents in free-ranging Brazilian marsh
deer (Blastocerus dichotomus). Comp. Immunol. Microbiol. Infect. Dis. 32, 325-334
(2012).

[8] Silveira, J.A., Rabelo, E.M., & Ribeiro, M.F. Molecular detection of tickborne
pathogens of the family Anaplasmataceae in Brazilian Brown Brocket Deer (Mazama
gouazoubira, Fischer, 1814) and Marsh Deer (Blastocerus dichotomus, llliger, 1815).
Transbound. Emerg. Dis. 59, 353—-360 (2012).

[9] Silveira, J.A.G. et al. Molecular detection and identification of hemoparasites in
pampas deer (Ozotocerus bezoarticus Linnaeus, 1758) from the Pantanal Brazil. Ticks
Tick Borne Dis. 4, 341-345.



99

[10] Silveira, J.A.G., Rabelo, E.M.L., Lima, P.C.S., Chaves, B.N., & Ribeiro, M.,F.,B.
Post-mortem hemoparasites detection in free-living Brazilian brown brocket deer
(Mazama gouazoubira, Fischer 1814). Rev. Bras. Parasitol. Vet. 23, 206-215 (2014).

[11] Mongruel, A. C. et al. Molecular characterization of Anaplasma sp. in free-living

gray brockets (Mazama gouazoubira). Vector Borne Zoonotic Dis. 17, 165-171 (2016).

[12] André, M.R. et al. Molecular detection of tick-borne bacterial agents in Brazilian

and exotic captive carnivores. Ticks Tick Borne Dis. 3, 247-253 (2012).

[13] Almeida, A.P., Souza, T.D., Marcili, A., & Labruna, M.B. Novel Ehrlichia and
Hepatozoon agents infecting the Crab-Eating Fox (Cerdocyon thous) in Southeastern
Brazil. J. Med. Entomol. 50, 640-646 (2013).

[14] de Sousa, K. C. M. et al. Anaplasmataceae agents among wild mammals and
ectoparasites in Brazil. Epidemiol. Infect. 145, 3424-3437 (2017).

[15] André, M.R. et al. Molecular and detection of Ehrlichia spp. in endangered
Brazilian wild captive felids. J. Wildl. Dis. 46, 1017 — 1023 (2010).

[16] Widmer, C.E., Azevedo, F.C., Almeida, A.P., Ferreira, F., & Labruna, M.B. Tick-
borne bacteria in free-living jaguars (Panthera onca) in Pantanal, Brazil. Vector Borne
Zoonotic Dis. 11, 1001-1005 (2011).

[17] Wolf, R.W. et al. Novel Babesia and Hepatozoon agents infecting non-volant small
mammals in the Brazilian Pantanal, with the first record of the tick Ornithodoros
guaporensis in Brazil. Ticks Tick Borne Dis. 7, 449-456 (2016).

[18] Benevenute, J.L. et al. Assessment of a quantitative 5 nuclease real-time
polymerase chain reaction using groEL gene for Ehrlichia and Anaplasma species in
rodents in Brazil. Ticks Tick Borne Dis. 8, 646-656 (2017).

[19] Braga, M.S.C.O. et al. Molecular detection of Anaplasmatacea agents in
Dasyprocta azarae in northeastern in Brasil. Rev. Bras. Parasitol. Vet., 27, 99-105
(2018).

[20] Soares, H. S. et al. Ticks and rickettsial infection in the wildlife of two regions of
the Brazilian Amazon. Exp. Appl. Acarol. 65, 125-140 (2017).



100

[21] Lopes, M. G. et al. Ticks, rickettsial and erlichial infection in small mammals from
Atlantic forest remnants in northeastern Brazil. Int. J. Parasit. Parasites Wildl. 7, 380-
385 (2018).

[22] Guimaraes, A. et al. Detection of a putative novel genotype of Ehrlichia sp. from
opossums (Didelphis aurita) from Brazil. Rev. Bras. Parasitol. Vet. 28, 140-144 (2019).

[23] Machado, R. Z. et al. Migratory and carnivorous birds in Brazil: reservoirs for
Anaplasma and Ehrlichia species?. Vector Borne Zoonotic Dis. 12, 705-708 (2012).

[24] Werther, K. et al. Arthropod-borne agents in wild Orinoco geese (Neochen jubata)
in Brazil. Comp. Immunol. Microbiol. Infect. Dis. 55, 30-41 (2017).

[25] Gardner, A. L. Order Pilosa in Mammal Species of the World (Johns Hopkins
University Press, 2005).

[26] Reis, N. R., Peracchi, A.L., Pedro, W. A., Lima, I. P. Mamiferos do Brasil (Eds,
2006).

[27] Kluyber, D. et al. Ticks (Acari: Ixodidae) infesting armadillos (Cingulata:
Dasypodidae) in the Pantanal wetland, Mato Grosso do Sul, Brazil. Syst. Appl. Acarol.
21,1087-1092 (2016).

[28] Guillemi, E. C. et al. Molecular identification of Anaplasma marginale in two
autochthonous South American wild species revealed an identical new genotype and

its phylogenetic relationship with those of bovines. Parasit. Vectors 9, 305 (2016).

[29] Birkenheuer, A. J., Levy, M. G., & Breitschwerdt, E. B. Development and
evaluation of a seminested PCR for detection and differentiation of Babesia gibsoni
(Asian genotype) and B. canis DNA in canine blood samples. J. Clin. Microbiol. 41,
4172-4177 (2003).

[30] Massung, R. F. et al. Nested PCR assay for detection of granulocytic ehrlichiae.
J. Clin. Microbiol. 36, 1090-1095 (1998).



101

[31] Drazenovich, N., Foley, J., & Brown, R. N. Use of real-time quantitative PCR
targeting the msp2 protein gene to identify cryptic Anaplasma phagocytophilum

infections in wildlife and domestic animals. Vector Borne Zoonotic Dis. 6, 83-90 (2006).

[32] Carelli, G. et al. Detection and quantification of Anaplasma marginale DNA in blood
samples of cattle by real-time PCR. Vet. Microbiol. 124, 107-14 (2007).

[33] Rejmanek, D., Bradburd, G., & Foley, J. Molecular characterization reveals distinct
genospecies of Anaplasma phagocytophilum from diverse North American hosts. J.
Med. Microbiol. 61, 204 (2012).

[34] Doyle, C. K. et al. Detection of medically important Ehrlichia by quantitative
multicolor TagMan real-time polymerase chain reaction of the dsb gene. J. Mol. Diag.
7, 504-510 (2005).

[35] Reller, M., & Dumler, J. Development and Clinical Validation of a Multiplex Real-
Time Quantitative PCR Assay for Human Infection by Anaplasma phagocytophilum
and Ehrlichia chaffeensis. Trop. Med. Infect. Dis. 3, 14 (2018).

[36] Muller, A. et al. “Candidatus Neoehrlichia chilensis” sp. nov.: Molecular detection
and characterization of a novel Anaplasmataceae in wild rodents from Valdivia,
southern Chile. Transbound. Emerg. Dis. 65, 357-362 (2018).

[37] Nion, V. L. et al. Potentially novel Ehrlichia species in horses, Nicaragua. Emerg.
Infect. Dis. 21, 335 (2015).

[38] Inayoshi, M., Naitou, H., Kawamori, F., Masuzawa, T., & Ohashi, N.
Characterization of Ehrlichia species from Ixodes ovatus ticks at the foot of Mt. Fuiji,
Japan. Microbiol. Immunol. 48, 737-745 (2004).

[39] Bustin, S. A. et al. The MIQE guidelines: minimum information for publication of
guantitative real-time PCR experiments. Clin. Chem. 55, 611-622 (2009).

[40] Aguiar, D. M., Saito, T. B., Hagiwara, M. K., Machado, R. Z., & Labruna, M. B.
Serological diagnosis of canine monocytic ehrlichiosis with Brazilian antigen of
Ehrlichia canis. Cien. Rural 37, 796-802 (2007).



102

[41] Sanger, F., Nicklen, S., & Coulson, A. R. DNA sequencing with chain-terminating
inhibitors. Proc. Nati. Acad. Sci. 74, 5463-5467 (1977).

[42] Ewing, B., Hillier, L., Wendl, M. C., & Green, P. Base-calling of automated
sequencer traces usingPhred. I. Accuracy assessment. Genome Res. 8, 175-185
(1998).

[43] Ewing, B., & Green, P. Base-calling of automated sequencer traces using phred.
[I. Error probabilities. Genome Res. 8, 186-194 (1998).

[44] Altschul, S. F., Gish, W., Miller, W., Myers, E. W., & Lipman, D. J. Basic local
alignment search tool. J. Mol. Biol. 215, 403-410 (1990).

[45] Benson, D. A., Cavanaugh, M., Clark, K., Karsch-Mizrachi, I., Lipman, D. J., Ostell,
J., & Sayers, E. W. GenBank. Nucleic Acids Res. 41, D36-D42 (2012).

[46] Thompson, J. D., Higgins, D. G., & Gibson, T. J. CLUSTAL W: improving the
sensitivity of progressive multiple sequence alignment through sequence weighting,
position-specific gap penalties and weight matrix choice. Nucleic Acids Res. 22, 4673-
4680 (1994).

[47] Hall, T. A. BioEdit: a user-friendly biological sequence alignment editor and
analysis program for Windows 95/98/NT. In Nucleic acids symposium series (Vol. 41,
No. 41, pp. 95-98). London: Information Retrieval Ltd., c1979-c2000 (1999).

[48] Darriba, D., Taboada, G. L., Doallo, R., & Posada, D. jModelTest 2: more models,
new heuristics and parallel computing. Nature Methods 9, 772 (2012).

[49] Miller, M. A., Pfeiffer, W., & Schwartz, T. Creating the CIPRES Science Gateway
for inference of large phylogenetic trees. In Proceedings of the Gateway Computing
Environments Workshop (GCE), 01-08 (2010).

[50] Ronquist, F., & Huelsenbeck, J. P. MrBayes 3: Bayesian phylogenetic inference
under mixed models. Bioinformatics 19, 1572-1574 (2003).

[51] Stamatakis, A., Hoover, P., & Rougemont, J. A rapid bootstrap algorithm for the
RAXML web servers. Syst. Biol. 57, 758-771 (2008).



103

[52] Felsenstein, J. Confidence limits on phylogenies: an approach using the bootstrap.
Evolution 39, 783-791 (1985).

[53] Stover, B. C., & Miller, K. F. TreeGraph 2: combining and visualizing evidence

from different phylogenetic analyses. BMC Bioinform. 11, 7 (2010).

[54] Librado, P., & Rozas, J. DnaSP v5: a software for comprehensive analysis of DNA
polymorphism data. Bioinformatics 25, 1451 -1452 (2009).

[55] Clement, M., Posada, D., & Crandall, K. TCS: a computer program to estimate
gene genealogies. Mol. Ecol. 9, 1657-1660 (2000).

[56] Huson, D. H., & Bryant, D. Application of phylogenetic networks in evolutionary
studies. Mol. Biol. Evol. 23, 254-267 (2005).

[57] Leigh, J. W., & Bryant, D. Popart: full-feature software for haplotype network
construction. Methods Ecol. Evol. 6, 1110-1116 (2015).

[58] Fry, N. K., Warwick, S., Saunders, N. A., & Embley, T. M. The use of 16S ribosomal
RNA analyses to investigate the phylogeny of the family Legionellaceae. Microbiol.
137, 1215-1222 (1991).

[59] Clarridge, J. E. Impact of 16S rRNA gene sequence analysis for identification of
bacteria on clinical microbiology and infectious diseases. Clin. Microbiol. Rev. 17, 840-
862 (2004).

[60] Koh, F. X., Kho, K. L., Panchadcharam, C., Sitam, F. T., & Tay, S. T. Molecular
detection of Anaplasma spp. in pangolins (Manis javanica) and wild boars (Sus scrofa)
in Peninsular Malaysia. Vet. Parasitol. 227, 73-76 (2016).

[61] Battilani, M., De Arcangeli, S., Balboni, A., & Dondi, F. Genetic diversity and
molecular epidemiology of Anaplasma. Infec. Genet. Evol. 49, 195-211 (2017).

[62] Cabezas-Cruz, A. et al. Ehrlichia minasensis sp. nov., isolated from the tick
Rhipicephalus microplus. Int. J. Syst. Evol. Microbiol. 66, 1426-1430 (2016).

[63] Aguiar, D. M., Araujo, J. P., Nakazato, L., Bard, E., & Cabezas-Cruz, A. Complete
Genome Sequence of an Ehrlichia minasensis Strain Isolated from Cattle. Microbiol
Resour Announc, 8, e00161-19 (2019).



104

[64] Aguiar, D. M. et al. A novel Ehrlichia genotype strain distinguished by the TRP36
gene naturally infects cattle in Brazil and causes clinical manifestations associated with
ehrlichiosis. Ticks Tick Borne Dis. 5, 537-544 (2014).

[65] Gajadhar, A. A., Lobanov, V., Scandrett, W. B., Campbell, J., & Al-Adhami, B.
(2010). A novel Ehrlichia genotype detected in naturally infected cattle in North
America. Vet. Parasitol. 173, 324-329.

[66] Hailemariam, Z. et al. Molecular detection of tick-borne pathogens in cattle from
Southwestern Ethiopia. PloS One 12, e0188248 (2017).

[67] Lobanov, V. A., Gajadhar, A. A., Al-Adhami, B., & Schwantje, H. M. Molecular
Study of Free-ranging Mule Deer and White-tailed Deer from British Columbia,
Canada, for Evidence of Anaplasma spp. and Ehrlichia spp. Transbound. Emerg. Dis.
59, 233-243 (2012).

[68] Cabezas-Cruz, A. et al. New species of Ehrlichia isolated from Rhipicephalus
(Boophilus) microplus shows an ortholog of the E. canis major immunogenic
glycoprotein gp36 with a new sequence of tandem repeats. Parasites Vectors 5, 291
(2012).

[69] Iweriebor, B. C. et al. Genetic profiling for Anaplasma and Ehrlichia species in ticks
collected in the Eastern Cape Province of South Africa. BMC Microbiol. 17, 45 (2017).

[70] Thomson, K. et al. A new TagMan method for the reliable diagnosis of Ehrlichia

spp. in canine whole blood. Parasites Vectors 11, 350 (2018).

[71] Rehman, A., Conraths, F. J., Sauter-Louis, C., Krucken, J., & Nijhof, A. M.
Epidemiology of tick-borne pathogens in the semi-arid and the arid agro-ecological

zones of Punjab province, Pakistan. Transbound. Emerg. Dis. 66, 526-536 (2019).

[72] Carvalho, I. T. et al. Minimum infection rate of Ehrlichia minasensis in
Rhipicephalus microplus and Amblyomma sculptum ticks in Brazil. Ticks Tick Borne
Dis. 7, 849-852 (2016).

[73] Cicculli, V. et al. First detection of Ehrlichia minasensis in Hyalomma marginatum
ticks collected from cattle in Corsica, France. Vet. Med. Sci. 5, 243-248 (2019).



105

[74] Li, J. et al. Emergence of a Novel Ehrlichia minasensis Strain, Harboring the Major
Immunogenic Glycoprotein trp36 with Unique Tandem Repeat and C-Terminal Region
Sequences, in Haemaphysalis hystricis Ticks Removed from Free-Ranging Sheep in
Hainan Province, China. Microorganisms, 7, 369 (2019).

[75] Groves, M. G., Dennis, G. L., Amyx, H. L., & Huxsoll, D. L. Transmission of
Ehrlichia canis to dogs by ticks (Rhipicephalus sanguineus). Am. J. Vet. Res. 36, 937-
940 (1975).

[76] Moraes-Filho, J., Krawczak, F. S., Costa, F. B., Soares, J. F., & Labruna, M. B.
Comparative evaluation of the vector competence of four South American populations
of the Rhipicephalus sanguineus group for the bacterium Ehrlichia canis, the agent of
canine monocytic ehrlichiosis. PLoS One 10, e0139386 (2015).

[77] Johnson, E. M. et al. Experimental transmission of Ehrlichia canis (Rickettsiales:
Ehrlichieae) by Dermacentor variabilis (Acari: Ixodidae). Vet. Parasitol. 74, 277-288
(1998).

[78] Kocan, K. M., De La Fuente, J., & Cabezas-Cruz, A. The genus Anaplasma: new
challenges after reclassification. Rev. Sci. Tech. 34, 577-86 (2015).

[79] Marques, S., Barros-Battesti, D. M., Faccini, J. L. H., & Onofrio, V. C. Brazilian
distribution of Amblyomma varium Koch, 1844 (Acari: Ixodidae), a common parasite of
sloths (Mammalia: Xenarthra). Mem. Inst. Oswaldo Cruz 97, 1141-1146 (2002).

[80] Soares, H. S. et al. Ticks and rickettsial infection in the wildlife of two regions of
the Brazilian Amazon. Exp. Appl. Acarol. 65, 125-140 (2015).

[81] Kluyber, D. et al. Ticks (Acari: Ixodidae) infesting armadillos (Cingulata:
Dasypodidae) in the Pantanal wetland, Mato Grosso do Sul, Brazil. Syst. Appl. Acarol.
21,1087-1092 (2016).

[82] Martins, T. F. et al. Diversity of ticks in the wildlife screening center of Sdo Paulo
city, Brazil. Cien. Rural 47 (2017).

[83] Mufoz-Garcia, C. I. et al. Epidemiological study of ticks collected from the
northern tamandua (Tamandua mexicana) and a literature review of ticks of
Myrmecophagidae anteaters. Ticks Tick Borne Dis. 10, 1146-1156 (2019).



