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SILVA, Ana Clécia dos Santos. Patégenos de interesse em Saude Unica
transmitidos por carrapatos em gambas-de-orelha-branca (Didelphis
albiventris) em Alagoas, nordeste do Brasil. 2024. 56f. Tese (Doutorado em
Ciéncia Animal) — Universidade Estadual de Londrina, Londrina, 2024.

RESUMO

O conceito de Saude Unica destaca-se pelos seus esforcos em enfrentar desafios
com uma perspectiva que compreende e conecta varios aspectos entre saude,
zoonoses e meio ambiente, e patdégenos transmitidos por carrapatos estédo
diretamente envolvidos nesse conceito. Ehrlichia sp. e Piroplasmas, ambos com
potencial zoondtico, sdo detectados em varias espécies animais, incluindo Didelphis
albiventris. Portanto, este trabalho tem como objetivo estudar a ocorréncia de
patdogenos transmitidos por carrapatos em D. albiventris de Alagoas, nordeste do
Brasil, com objetivos especificos de caracterizar molecularmente Ehrlichia sp. e
Piroplasmas desses animais. Foram coletadas 30 amostras de sangue de D.
albiventris anestesiados com ketamina (10 mg/kg) e xilazina (2 mg/kg) aplicadas via
intramuscular. A extragdo de DNA foi realizada usando um kit comercial. Todas as
amostras foram triadas para Ehrlichia sp. e Piroplasmas. Para Ehrlichia sp., a triagem
foi realizada pelo gene16S seguido de dsb para sequenciamento por Oxford Nanopore
e amostras positivas foram submetidas a uma PCR do gene groEL para
sequenciamento por Sanger. Para Piroplasma, foi realizada uma PCR para o gene
18S e sequenciamento por Sanger. Sequéncias consesus foram geradas para
andlises filogenéticas pelo sequenciamento de Sanger. Dos 30 animais, 19/30
(63,33%) eram machos e 11/30 (36,66%) fémeas. 23/30 (76,6%; IC 95%: 59,07 —
88,21%) testaram Anaplasmapaceae-positivo pelo ensaio de PCR do gene 16S, 24/30
(80%; IC 95%: 62,69 - 90,49%) testaram positivo para Ehrlichia pelo gene dsb. Todas
as 24 amostras também testaram positivo na PCR do gene groEL e sete amplicons
foram sequenciados. Quatro das 30 amostras (13,33%; IC 95%: 5,31 - 29,62%)
testaram positivo para Piroplasma pelo ensaio de PCR do gene 78S, e todos os quatro
amplicons foram sequenciados. As sequéncias de 18S de Piroplasma obtidas foram
agrupadas em uma politomia com sequéncias de Piroplasma de marsupiais do Brasil.
Até o momento, isso representa a primeira deteccdo molecular com dados de
sequenciamento de Babesia sp. em D. albiventris do nordeste do Brasil, reforcando
ainda mais a existéncia do clado de PiroplasmPiroplasmas "South American
Marsupialia”. O sequenciamento do gene groEL confirmou que os D. albiventris
estavam infectados por uma possivel nova espécie de Ehrlichia sp. e todas as
sequéncias estavam em uma politomia, em um clado exclusivo. Estudos futuros
devem focar em possiveis carrapatos vetores e se esse novo agente ehrlichial pode
causar doenga clinica em populagbes de gambas. Este estudo também fornece o
primeiro relato da ocorréncia de Babesia sp. em D. albiventris no nordeste do Brasil,
e esses dados servem de base para pesquisas futuras para esclarecer melhor a
circulacao de Piroplasmas nao apenas no pais e em toda a América do Sul.

Palavras-chave: Ehrliquiose. Piroplasmose. Doengas transmitidas por carrapatos.
Zoonose. Gamba.
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ABSTRACT

The concept of One Health stands out for its efforts in addressing challenges with a
perspective that understands and connects various aspects between health, zoonoses
and the environment, and tick-borne pathogens are directly involved in this concept.
Ehrlichia sp. and Piroplasms, both with zoonotic potential, are detected in various
animal species, including Didelphis albiventris. Therefore, this work aims to study the
occurrence of tick-borne pathogens in D. albiventris from Alagoas, northeast Brazil,
with specific objectives to molecularly characterize Ehrlichia sp. and Piroplasms from
these animals. 30 blood samples were collected from D. albiventris anesthetized by
ketamine (10 mg/kg) and xylazine (2 mg/kg) were administered intramuscularly. DNA
extraction was performed using a commercial kit. All samples were screened for
Ehrlichia sp. and Piroplasms. From 30 animals, 19/30 (63.33%) were male and 11/30
(36.66%) female. To Ehrlichia sp. the PCR reaction was by dsb gene and positive
samples were to a PCR of the groEL gene to sequencing. To Piroplasm a PCR to 18S
gene was conducted and positive samples were sent for sequencing. Consensus
sequences were produced for phylogenetic analyses. Were tested piroplasm-positive
by the 78S gene PCR assay four/30 (13.33%, 95% CI 5.31-29.62%), and all four
amplicons were sequenced. The Piroplasm 78S sequences obtained were found to be
grouped into a polytomy with Piroplasms sequences from marsupials from Brazil. This
represents the initial molecular detection with sequencing data of Babesia sp. in D.
albiventris from northeastern Brazil, further reinforcing the existence of the Piroplasmid
clade “South American Marsupialia”. The groEL gene fragment confirmed the D.
albiventris opossums were infected by a putative new Ehrlichia sp. species and all
sequences were into a polytomy, in an exclusive clade. Further studies should focus
on putative tick vectors and whether this novel ehrlichial agent may cause clinical
disease in opossum populations. And this study provides the first report of the
occurrence of Babesia sp. in D. albiventris in Northeastern, Brazil, and these data
serve as a basis for future research to better clarify the circulation of Piroplasmids not
only in the country but also in South America.

Key-words: Ehrlichiosis. Piroplasmosis. Tick-borne disease. Zoonosis. Opossum.
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1 INTRODUGAO

O conceito de Saude Unica se destaca por seus esforcos no
enfrentamento desafios com uma perspectiva que compreende e conecta diversos
aspectos entre saude, ambiente e zoonoses (Atlas, 2012; Shaheen, 2022). Os
patogenos transmitidos por carrapatos estdo diretamente envolvidos nesse conceito
e a proliferacdo desses vetores tem se intensificado impulsionados por mudangas
climaticas, atividades humanas, uso da terra e fatores diversos, trazendo consigo o
aumento da propagacao de doencas bacterianas por eles transmitidas (Gilbert, 2021;
Madison-Antenucci et al., 2020).

Com essa conexdo direta entre zoonoses e Saude Unica, animais
com comportamento sinantropico tem um papel fundamental no esclarecimento de
aspectos de saude e doenca, e os Didelphis albiventris sdo animais que exemplificam
com maestria a definicdo de sinantropico pois sdo muito bem adaptados ao meio
urbano e silvestre, além de contar com diversas espécies, sendo quatro
documentadas na América do Sul D. albiventris, D. aurita, D. imperfecta, and D.
marsupialis (Bezerra-Santos et al., 2020; Do Nascimento & Horta, 2014). Estes
animais sao potenciais hospedeiros ou reservatorios para varios patdégenos
transmitidos por vetores (Carreira et al., 2012; Da Silva et al., 2017; Horta et al., 2009;
Mauricio C. Horta et al., 2009; Zecca et al., 2020), incluindo aqueles transmitidos por
carrapatos (Horta et al., 2007; Miziara et al., 2008; Muller et al., 2005).

Ehrlichia sp. e Piropasmas, ambos com potencial zoondético séo
detectados em diversas espécies animais, inclusive gambas. Diante disso, este
trabalho teve como objetivo geral investigar a ocorréncia de patdogenos transmitidos
por carrapato em D. albiventris de Alagoas, nordeste do Brasil, especificamente

caracterizar molecularmente Ehrlichia spp. e Piroplasmas oriundos desses animais.
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2 REFERENCIAL TEORICO

2.1 DOENCAS TRANSMITIDAS POR CARRAPATOS E SUA RELAGAO COM A SAUDE UNICA

O conceito de Saude Unica ndo é recente, vem sendo discutido a
cerca de 200 anos estabelecendo ligagdes entre a saude humana, animal e ambiental
(Atlas, 2012; Shaheen, 2022). Este conceito, se destaca como pioneiro nos esforgos
para enfrentar os desafios de saude por meio de uma perspectiva abrangente e
conectada, e as zoonoses sinantropicas estao totalmente inseridas nesse contexto
(Atlas, 2012).

Dentro deste cenario, é importante ressaltar que os patdégenos
transmitidos por carrapatos tem distribuicdo cosmopolita, e que a proliferacédo de
espécies de carrapatos, impulsionada por diferentes aspectos como mudancgas
climaticas, atividade humana no uso da terra, populagdes de vetores, crescimento
populacional e em varios outros fatores, contribuiram para a propagac¢ao de doengas
bacterianas transmitidas por carrapatos (Gilbert, 2021; Madison-Antenucci et al.,
2020). A medida que as populacdes de carrapatos vém aumentando
significativamente, expandindo seus territérios para novas localidades e trazendo
consigo agentes patogénicos, torna-se crucial compreender os mecanismos de
transmissao e do hospedeiro, além de acompanhar diligentemente o surgimento de
patégenos novos e existentes (Gilbert, 2021).

Outra questao diretamente relacionada as doencgas transmitidas por
carrapatos € o bioma. A regido nordeste do Brasil € coberta por Caatinga, Mata
Atlantica, Cerrado e Amazdnia (Puentes & Riet-Correa, 2023), mais especificamente,
o estado de Alagoas apresenta dois diferentes biomas, Caatinga (clima seco, tropical
semiarido) e Mata Atlantica (tropical e umido) (MMA, 2024). Dentro dessas
circunstancias, os efeitos da sazonalidade devem ser considerados ao observar a
complexidade dos ciclos de agentes envolvendo carrapatos e animais silvestres
(Campbell-Lendrum et al., 2015; Nogueira et al., 2022). Esses fatores estao
diretamente ligados a dinamica do ciclo dos carrapatos e consequentemente, no
comportamento dos agentes que eles abrigam (El-Sayed et al., 2020).

Aliada a expansado das populacbes de carrapatos para novas

localidades, a crescente incidéncia de doencas transmitidas por estes vetores em todo
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o mundo merece atencdo por parte de pesquisadores e profissionais da saude
(Rochlin & Toledo, 2020). Carrapatos sdo considerados o segundo vetor mais comum
de patdégenos causadores de doengas em humanos, ficando atras apenas dos
mosquitos (Parola & Raoult, 2001). Dentre os agentes transmitidos por carrapatos
podemos citar virus de diferentes familias (Flaviviridae, Orthomyxoviridae,
Reoviridae), diferentes géneros de bactérias (Borrelia, Rickettsia, Ehrlichia. e
Anaplasma) e Piroplasmas (Theileria e Babesia) (Kernif et al., 2016; Rochlin & Toledo,
2020).

Com os avangos em técnicas de Biologia Molecular, a descrigdo de
potenciais novas espécies de parasitos e bactérias transmitidas por carrapatos tem se
intensificado desde o inicio do século XXI, e dentre esses podemos citar Ehrlichia spp.
e Babesia spp. que sao focos dessa tese. Os agentes causadores de borrelioses,
erliquioses, anaplasmoses e riquetsioses em alguns casos foram identificados em
carrapatos antes mesmo que fosse estabelecida a relacdo causal com a doenca
(Parola & Raoult, 2001; Platonov et al., 2011).

2.2 DOENCAS TRANSMITIDAS POR CARRAPATOS EM GAMBAS

O género Didelphis definido por Linnaeus (Linnaeus, 1758), possui
quatro espécies conhecidas na América do Sul, sdo elas D. albiventris, D. aurita, D.
imperfecta, e D. marsupialis (Bezerra-Santos et al., 2020; Do Nascimento & Horta,
2014). No nordeste do Brasil, trés dessas espécies foram relatadas, D. albiventris, D.
marsupialis e D. aurita (Assis, 2011; Nascimento, 2015).

A interacao entre espécies de Didelphis e o humano pode apresentar-
se através da pratica da caca para o consumo de carne ou a obtencdo de produtos
terapéuticos, reflexos de um habito cultural presente em comunidades tradicionais do
Brasil (Kuhnen et al., 2017).

Esses animais apresentam uma grande capacidade adaptativa que
aliada ao seu comportamento sinantrépico os tornam importantes hospedeiros para
diversos parasitos e bactérias ja relatados nesses animais como helmintos (Bezerra-
Santos et al., 2020), carrapatos (Horta et al., 2007; Miziara et al., 2008; Muller et al.,
2005), e varios agentes transmitidos por vetores (Carreira et al., 2012; Da Silva et al.,
2017; Horta et al., 2009; Zecca et al., 2020).
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2.2.1 Ehrlichia spp.

Ehrlichia spp. s&o bactérias com potencial zoonaético transmitidas por
carrapatos, intracelular obrigatérias que infectam leucécitos de diversas espécies de
mamiferos domésticos e silvestres (Muraro et al., 2021; Vieira et al., 2011). Oito
especies de Ehrlichia sp. estdo identificadas e cadastradas no banco de dados
taxondmicos do NCBI, E. canis, E. chaffeensis, E. ewingii, E. japonica, E. muris, E.

ruminantium, E. ovina e E. minasensis (Schoch et al., 2020).

Figura 1 — Morula de E. ewingii presente em um granuldcito de
esfregaco sanguineo de um paciente humano em aumento original de 300x.

)

&

&%

Fonte: Hamilton et al. 2004

Essas bactérias vém sendo descritas com potenciais novas espécies
em cavalos (O'Nion et al., 2015; Vieira et al., 2016; Vieira et al., 2018), capivaras
(Vieira et al., 2022), raposas (Almeida et al., 2013), pinguins (Mufioz-Leal et al., 2019)
preguiga e javalis (Soares et al., 2017), roedores (Zhao et al., 2021), bem como em
diferentes espécies de gambas no Brasil (Didelphis albiventris e Gracilinanus agilis)
(André et al., 2022; Braga et al., 2023; de Oliveira et al., 2020; Guimarées et al., 2019;
Lopes et al., 2018; Orozco et al., 2022), e Argentina (D. albiventris) (Tarragona et al.,
2022). Esses relatos servem como base para futuras caracterizagdes mais detalhadas

para uma definicdo de espécies.
2.2.2 Piroplasmas

Os Piroplasmas (Apicomplexa, Piroplasmida), sao parasitos
protozoarios intra eritrociticos que afetam animais selvagens, domésticos, e até
mesmo os humanos, e dentre os varios géneros presentes, destacam-se Babesia,

Theileria e Cytauxzoon (Schoch et al., 2020). O grupo Piroplasmida recebe esse nome
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devido aos estagios intra-eritrociticos em formato de péra (piriforme), indicando
parasitos intracelulares. Esses parasitos sao transmitidos exclusivamente por

carrapatos duros (Ixodidae), conforme destacado por Mehlhorn & Schein (1993).

Figura 2: Babesia canis em eritrocitos de esfregago sanguineo de um

cao infectado.

Fonte: Mehlhorn, 2008.

Piroplasmas foram descritos pela primeira vez em D. marsupialis no
Brasil em esfregago sanguineo em um estudo no Para em 1961 (Deane & Deane,
1961), e alguns anos depois em esfregaco sanguineo de D. albiventris no Rio de
Janeiro em 1979 (Serra-Freire, 1979).

Contudo, a primeira descrigdo molecular em gambas ocorreu apenas
em 2016 no Mato Grosso, em animais da espécie Monodelphis domestica (Wolf et al.,
2016), seguidos de relatos em D. marsupialis no Para (Soares et al., 2017) e Mato
Grosso (Colle et al., 2019), em D. albiventris associados a carrapatos da espécie
Amblyomma dubitatum em Mato Grosso do Sul e Distrito Federal (Gongalves et al.,
2021) e em D. aurita no Rio de Janeiro (Oliveira et al., 2023). Em todos os casos a
detecgao foi baseada no gene 18S.

A descricado frequente de possiveis novas espécies de Babesia sp.
circulando em gambas tem reforgado a necessidade de uma caracterizagdo mais

completa do protozoario.

2.3 DIAGNOSTICO MOLECULAR DE DOENCAS TRANSMITIDAS POR CARRAPATOS EM GAMBAS

NO BRASIL E SUA IMPORTANCIA PARA A SAUDE UNICA

Embora existam diferentes relatos de patégenos transmitidos por
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carrapatos encontrados em diferentes espécies de marsupiais, o foco desta tese esta
nos relatos de Ehrlichia sp. e Piroplasmas do género Babesia com dados moleculares.

Dentre esses relatos, temos descrigcdes de uma cepa de Ehrlichia sp.
atualmente chamada de “strain Natal’ relatada inicialmente em D. albiventris (Lopes
et al., 2018) e Gracilianus agilis (De Oliveira et al., 2020) no Brasil e em D. albiventris
na Argentina (Tarragona et al., 2022). E iteressante destacar que existem relatos
também de Ehrlichia sp. em G. agilis (De Souza et al., 2017), D. aurita (Guimaraes et
al., 2019), D. marsupialis (Braga et al., 2023), e D. albiventris (André et al., 2022) todos
no Brasil, e em Ambyomma sp. coletados de D. virginiana no México (Guzman-
Cornejo et al., 2024). Essas diferengas na descrigdo, em que a caracterizagdo nao
ocorre a nivel de espécie demonstra as dificuldades enfretadas na caracterizagao
molecular de Ehrlichia sp.

Quanto aos Piroplasmida do género Babesia, o registro frequente em
algumas espécies de marsupiais no Brasil, tem demonstrado a provavel existéncia de
uma espécie em circulacdo nesses animais na America do Sul, uma vez que a
caracterizacao pelo gene 18S vem mostrando uma identidade igual ou préxima de
100% entre as sequencias de Babesia sp. Esses relatos forcam os pesquisadores a
produzirem uma melhor caracterizagcao dessa espécie. Piroplasmas também vém
sendo descritos em marsupiais no Brasil, mas com apenas um relato em D. albiventris
associado a A. dubidatum (Gongalves et al., 2021), além de relato em D. marsupialis
(Braga et al., 2023) D. aurita (Oliveira et al., 2023), e Monodelphis domestica (Colle et
al., 2019) todos no Brasil, e um relato em D. marsupilis na Guatemala (Thomas et al.,
2023).

Estudos moleculares com uma maior precisdo de dados de
sequenciamento e emprego de tecnologias mais recentes como Nanopore podem
trazer mais informagdes com uma descri¢gao detalhada, gerando dados para basear
pesquisas clinicas e pautar o esclarecimento caracteristicas epidemiologicas de
agentes como Ehrlichia sp. e Babesia sp.
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1 4 HIPOTESE

2 “Didelphis albiventris pode atuar como modelo sentinela de origem silvestre
3  para investigar a circulagédo de patégenos de interesse para populagées humanas.”
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Ehrlichia sp. in white-eared opossums (Didelphis albiventris) from
Alagoas, Northeastern Brazil

Ehrlichia sp. em gambas de Orelhas Brancas (Didelphis albiventris) de
Alagoas, Nordeste do Brasil
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Abstract
The genus Didelphis (Marsupialia, Didelphidae), comprising synanthropic marsupials adapted
to anthropogenic environments, is known to host various vector-borne agents, including tick-
borne bacteria like Ehrlichia spp. This study investigated Ehrlichia spp. in Didelphis albiventris
from transitional areas of the Atlantic Forest and Caatinga biomes in Alagoas, Brazil. Blood
samples from 30 opossums were collected, and DNA was extracted for PCR screening targeting
the 16S, dsb and groEL genes. Phylogenetic analyses revealed a Ehrlichia species closely

related to known soft ticks. Seasonality and biome diversity in Brazil were considered,
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emphasizing the importance of understanding the dynamics of tick-borne diseases. A high
infection rate (80%) in opossums underscores the need for further research on potential tick
vectors and the clinical impact on opossum populations. Molecular characterization studies play
a crucial role in identifying species, necessitating comprehensive approaches involving
nucleotide identity, epidemiological characteristics, and host-vector interactions. This study
highlights the significance of exploring new technologies for accurate descriptions. It
emphasizes the importance of ongoing research to assess Ehrlichia species' clinical implications
and potential vectors. We describe an Ehrlichia species infecting D. albiventris from Alagoas,
northeastern Brazil. Further studies should focus on putative tick vectors and whether this novel
ehrlichial agent may cause clinical disease in opossum populations.

Keywords: Tick-borne diseases; Ehrlichiosis; Zoonosis; Opossum.

Resumo

O género Didelphis compreende marsupiais sinantrdpicos adaptados a ambientes
antropogénicos, ¢ conhecido por hospedar varios agentes transmitidos por vetores, incluindo
bactérias transmitidas por carrapatos, como Ehrlichia spp. e este estudo investigou Ehrlichia
sp. em Didelphis albiventris de areas de transi¢cdo dos biomas da Mata Atlantica e Caatinga em
Alagoas, Brasil. Amostras de sangue de 30 gambas foram coletadas, e 0o DNA foi extraido para
triagem por PCR direcionada aos genes 16S, dsb e groEL. Andlises filogenéticas revelaram
uma espécie de Ehrlichia estreitamente relacionada a carrapatos argasideos previamente
descritos. A sazonalidade e a diversidade de biomas no Brasil foram consideradas, enfatizando
a importancia de compreender a dinamica das doengas transmitidas por carrapatos. Uma alta
taxa de infeccao (80%) em gambas ressalta a necessidade de mais pesquisas sobre possiveis
vetores de carrapatos e o impacto clinico nas populagdes de gambas. Estudos de caracterizagao
molecular desempenham um papel crucial na identificacdo de espécies, exigindo abordagens
abrangentes que envolvam identidade nucleotidica, caracteristicas epidemioldgicas e interagdes
hospedeiro-vetor. Este estudo destaca a importancia de explorar novas tecnologias para
descri¢des precisas e enfatiza a importancia da pesquisa continua para avaliar as implicagdes
clinicas das espécies de Ehrlichia e potenciais vetores. Descrevemos Ehrlichia infectando D.
albiventris de Alagoas, no nordeste do Brasil. Estudos futuros devem focar em possiveis vetores
de carrapatos e se este novo agente ehrlichial pode causar doengas clinicas nas populacdes de
gambas.

Palavras-chave: Doengas transmitidas por carrapatos; Erliquiose; Zoonoses; Gambas.
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Introduction

The genus Didelphis comprises marsupials that are well-adapted to anthropogenic
activities, displaying a notable synanthropic behavior. In South America, four species have been
documented D. albiventris, D. aurita, D. imperfecta, and D. marsupialis (Bezerra-Santos et al.,
2020; Do Nascimento & Horta, 2014). Commonly known as opossums, this marsupial group is
a potential host or reservoir for various vector-borne agents (Carreira et al., 2012; Da Silva et
al., 2017; Horta et al., 2009; Mauricio C. Horta et al., 2009; Zecca et al., 2020), including tick-
borne (Horta et al., 2007; Miziara et al., 2008; Muller et al., 2005).

Ehrlichia spp. are gram-negative, pleomorphic, obligate intracellular tick-borne bacteria
that infect leukocytes of mammalian hosts worldwide (Dumler et al., 2001; Muraro et al., 2021;
Snowden et al., 2022; Vieira et al., 2011). To date eight Ehrlichia species have been identified
E. canis, E. chaffeensis, E. ewingii, E. japonica, E. muris, E. ruminantium, E. ovina and E.
minasensis (Schoch et al., 2020). Moreover, potentially novel Ehrlichia species have been
described in horses (O'Nion et al., 2015; Vieira et al., 2016, 2018), capybaras (Hydrochoerus
hydrochaeris) (Vieira et al., 2022), and other wild animal species (Almeida et al., 2013; Mufioz-
Leal et al., 2019; Soares et al., 2017; Zhao et al., 2021), including opossums, D. albiventris
(André et al., 2022; Lopes et al., 2018) D. marsupialis (Braga et al., 2023), D. aurita
(Guimaraes et al., 2019; Orozco et al., 2022) and Gracilinanus agilis (de Oliveira et al., 2020),
in Brazil , and D. albiventris in Argentina (Tarragona et al., 2022).

Although opossums play an important role in the cycle of various vector-borne
pathogens, there are currently few reports of Ehrlichia sp. in opossums with sequencing data
(de Souza et al., 2017), which complicates the monitoring of this agent in different regions
where opossums could be important sentinels.

Herein, the aim was to screen and molecularly characterize Ehrlichia sp. in D.
albiventris from transitional areas of the Atlantic Forest and Caatinga biomes in the State of

Alagoas, northeastern, Brazil.

Material and methods

This study was approved by the Ethics Committee on Animal Use at the Federal
University of Alagoas (protocol number 21/2021). Animal and laboratory procedures were
approved and performed under regulations of the Chico Mendes Institute for Biodiversity

Conservation (ICMBio, protocol number 79797-1).
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A total of 30 blood samples (up to 2 mL each) were collected from D. albiventris from
from Maceid regions (Gruta de Lourdes - 9°37'14.53"S 35°43'55.76"O; Barro Duro -
9°36'56.36"S 35°43'8.83"0; Jardim do Horto - 9°36'38.47"S 35°44'13.46"0) with Caatinga
and Atlantic Forest biomes, rescued to the Centro de triagem de Animais Silvestres of Alagoas
state (CETAS) between November and December 2022. The samples were obtained by

venipuncture of the coccygeal lateral vein (Do Nascimento & Horta, 2014).

For chemical restraint, ketamine (10 mg/kg) and xylazine (2 mg/kg) were administered
intramuscularly. The samples were stored in sterile EDTA-coated tubes (Becton & Dickinson
Co, Franklin Lakes, NJ, USA) for hematological analyses and were subsequently kept at —20
°C prior the DNA extraction. Ectoparasites found on the animals were collected for
identification. After the procedures, opossums were monitored until complete recovery from

chemical restraint and later released at the same place where they were captured.

DNA extraction was performed from all blood samples using a commercially available
kit (IndiSpin® Pathogen kit) following the manufacturer's instructions. To ensure the absence
of cross-contamination, ultrapure water served as a negative control in parallel. The DNA
concentration and purity were assessed through fluorimetry using the Qubit: dsDNA HS Assay
(Qubit® 2.0 Fluorometer). To verify the effectiveness of DNA extraction a polymerase chain
reaction (PCR) targeting the glyceraldehyde-3-phosphate dehydrogenase (gapdh) endogenous
gene of mammals (Birkenheuer et al., 2003) was performed on all samples.

We performed an Anaplasmataceae-specific 16S PCR (421 bp) (Stuen et al., 2003) for
all samples, and after sequencing results were conducted PCR assay for Ehrlichia sp. targeting
the dsb (349 bp) gene (Almeida et al., 2013). For species characterization, dsh-PCR positive
samples were subjected to a PCR targeting a fragment of the groEL (600 bp) gene (Barber et
al., 2010) followed by sequencing. Table 1 includes primers used herein.

To verify the effectiveness of DNA extraction a polymerase chain reaction (PCR)
targeting the glyceraldehyde-3-phosphate dehydrogenase (gapdh) endogenous gene of
mammals (Birkenheuer et al., 2003) was performed on all samples. Opossum DNA-samples
were initially screened by PCR assays targeting Anaplasmataceae-specific 16S rRNA gene
PCR (421 bp) (Stuen et al., 2003) and Ehrlichia sp.-specific dsb (349 bp) genes (Almeida et al.,
2013). Thereafter, PCR-positive samples were submitted to PCR assays targeting the groEL
(600 bp) (Barber et al., 2010), and sodB (300bp) (Qurollo et al., 2013) genes of Ehrlichia spp.

for species characterization. Table 1 includes primers used herein.
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The amplified PCR products were subjected to gel electrophoresis in SYBR-safe
stained-agarose gels (1.5%) (SYBR® Safe DNA Gel Stain, Invitrogen) for 1 h at 100 V and
visualized under a 312 nm UV light transilluminator (Chemidoc). The amplicons derived from
positive samples underwent extraction and purification from the gel through enzymatic
purification using ExoSAP-IT~ PCR Product Cleanup Reagent (Thermo Scientific, Waltham,
USA). Subsequently, their concentration and purity were assessed via spectrophotometry using
the NanoDrop™ One Spectrophotometer (Thermo Scientific, Waltham, USA). PCR products
with poor Sanger sequencing quality were sequenced using oxford nanopore technology (ONT)
due to its high sensibility (Hu et al., 2021). The nucleotide sequences of the 16S rRNA, dsb and
groEL genes of Ehrlichia sp. amplified in this study were deposited in the GenBank® database
under accession numbers for 16S rRNA, dsb, and PQ117746 - PQ117752 for groEL genes.
Consensus sequences were produced using Geneious Prime version 2023.2 and then subjected
to BLASTn analysis (Altschul et al., 1990) to ascertain their alignment with sequences
previously deposited in GenBank®™ database.

Phylogenetic analyses of the groEL gene sequences was performed based on Bayesian
inference using the Beast 1.8.0 package (Drummond et al., 2012). Three separate iterations of
Monte Carlo Markov Chain (MCMC), each comprising 100,000,000 generations, were
executed. Sampling occurred once every 10,000 generations, and a 10% burn-in was applied.
The substitution model was determined as GTR + G through AIC estimation using jModeltest
2.1.10 (Darriba et al., 2012). Reconstructions were visualized using the FigTree 1.4.4 software
(Rambaut, 2012). The groEL gene tree was rooted with Neorickettsia risticii. The phylogenetic
tree was visualized with FigTree software version 1.4.4 and the final layout was done with

Inkscape version 0.92.2.

Results and discussion

From 30 animals, 19/30 (63.33%) were male and 11/30 (36.66%) female. Overall, 23/30
(76.6%; 95% CI: 59.07 — 88.21%) tested Anaplasmapaceae-positive by 16S gene PCR assay,
and 24/30 (80%; 95% CI: 62.69 —90.49%) tested Ehrlichia-positive by the dsb gene PCR assay.
All 24 samples also tested positive by the groEL-PCR assay. The four 16S sequences obtained
showed that D. albiventris were infected by Ehrlichia sp by Oxford Nanopore sequencing. The
seven Ehrlichia dsb sequences also obtained by Oxford Nanopore confirmed the ehrlichial
infection and groEL sequences obtained from the same animals that dsb herein showed 93.77%
of identity and 91% of query cover with sequences obtained from Ornithodoros capensis of

birds from Japan (LC649942), 92% identity and 99% of query cover with sequences from
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Haemaphysalis bispinosa of cattle from Malaysia (KY046307, KY046308) from Genbank
database. In this article, we decided to assemble the phylogeny based on groEL using sequences
obtained by Sanger sequencing, since the sequences for Ehrlichia deposited in GenBank are
almost entirely derived from the Sanger method. Additionally, Oxford Nanopore technology
has greater applicability for long-read sequencing (Hu et al., 2021).

Phylogenetic analysis of the groEL gene fragment confirmed the D. albiventris
opossums were infected by Ehrlichia sp. (Figure 1), closely related with Ornithodoros capensis
of birds from Japan (LC649942). All sequences obtained were found to be grouped into a
polytomy, in an exclusive clade.

With the molecular biology updates, researchers have documented potential new species
across various agents, such as Ehrlichia spp., and it is crucial to underscore the importance of
following meticulous steps to validate the existence of these new putative taxa. These steps
thoroughly examine nucleotide identity levels, epidemiological characteristics, hosts, and
vectors involved in the observed phenomena. It is necessary to speculate on some points for
identifying a new bacteria species with different aspects: phylogenetic, descriptive, diagnostic,
and associative (Wayne et al., 1987).

Brazil has six biomes and it’s a particular characteristic to be considered when
elucidating novel pathogens, particularly vector-borne ones. Alagoas is a state with
predominant caatinga (dry climate and vegetation) and Atlantic Forest (humid tropical) biomes
(MMA, 2024). Furthermore, the seasonality effects must be considered when observing the
complexity of the agent cycle involving ticks and wildlife animals (Campbell-Lendrum et al.,
2015; Nogueira et al., 2022).

Ehrlichiosis is a globally prevalent illness transmitted by ticks and is caused by various
species of the Ehrlichia bacteria, impacting both animals and humans (Cocco et al., 2003;
Ismail et al., 2010; Vieira et al., 2011). The severity of this disease makes it necessary to
investigate the dynamics of bacterial infections and hosts. Different gene sequences are used to
screening Ehrlichia in wild and domestic animals including opossums (de Oliveira et al., 2020;
Guimaraes et al., 2019; Lopes et al., 2018; Orozco et al., 2022; Tarragona et al., 2022),
capybaras (Vieira et al., 2022), horses (O'Nion et al., 2015; Vieira et al., 2016; Vieira et al.,
2018), humans (Lu et al., 2023), and ticks (Matsumoto et al., 2011; Tarragona et al., 2022),
with putative new species. Table 2 shows the Ehrlichia sp. record in opossums.

Herein, a high percentage of Ehrlichia was found in opossums (80%). Previous studies

have found infection rates ranging from 0% to 6.66% (Guimaraes et al., 2019; Oliveira et al.,
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2021; Orozco et al., 2022). Differences between studies may be due to the seasonality of ticks,
the presence of competent tick vectors, and the sensitivity and specificity of PCR assays used.

Furthermore, various tick species were reported to parasitize opossums in different
Brazilian states with different biomes: in Minas Gerais Ixodes loricatus and Amblyomma
scuptum (Bezerra-Santos et al., 2020), and just /. loricatus (Saraiva et al., 2012); in Mato Grosso
do Sul A. dubitatum (André et al., 2022), 1. loricatus (Miziara et al., 2008), 4. dubidatum,
Amblyomma sp. and . loricatus (Horta et al., 2007); in Rio Grande do Sul 4. aureolatum and
L loricatus (Muller et al., 2005); in Rio de Janeiro /. loricatus (Luz et al., 2018; Oliveira et al.,
2014); I loricatus also in Sao Paulo (Barros-Battesti et al., 2000; Gonzalez et al., 2017); 1.
loricatus in Recife (Dantas-Torres et al., 2012); A. auricularium in Rio Grande do Norte (Lopes
et al., 2018); and Amblyomma spp. from Espirito Santo (Acosta et al., 2016). In the present
study, the most common ectoparasite was Ornithodoros mimon, and there were no detected
hard ticks. The ectoparasite results are shown in Table 3.

O. mimon has a wide distribution in Central and South America with records in
Argentina, Bolivia, Brazil, and Uruguay (Ramos et al., 2015; Sponchiado et al., 2015; Nava et
al., 2017) in different species including opossums (Labruna et al., 2014; Tarragona et al., 2022),
probable because of the generalist parasitism of O. mimon (Sponchiado et al., 2015) combined
with the behavior of opossums sharing spaces with birds and bats that are natural hosts of these
ticks (Labruna et al., 2014).

Molecular characterization studies contribute profoundly to clarifying these issues,
especially when they demonstrate putative new species in synanthropic hosts, such as
opossums. However, other aspects must be considered to ensure the accuracy of descriptions,
and next-generation sequencing technologies and whole-genome tools can be employed to

manage these aspects, in addition to tick and host mapping.
Conclusion

We describe the first sequencing data from Ehrlichia sp. infecting D. albiventris from
Alagoas, northeastern Brazil. Further studies should focus on putative tick vectors and whether

this novel ehrlichial agent may cause clinical disease in opossum populations.
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EHR16SR 5 -TAGCACTCATCGTTTACAGC
5-CGTATTACCGCGGCTGCTGG
ECB CA-3 Dawson et al., 1994
5-AGAACGAACGCTGGCGGCAAG
ECC cc-3
16S rRNA nested PCR ge3a 5-CACATGCAAGTCGAACGGATTATTC-3’ 932 Massung et al., 1998
get0r 5-TTCCGTTAAGAAGGATCTAATCTCC-3'
geof 5-AACGGATTATTCTTTATAGCTTGCT-3' 546 Massung et al., 1998
ge2 5'-GGCAGTATTAAAAGCAGCTCCAGG-3'
groEL conventional
PCR groEL-643s 5-ACTGATGGTATGCARTTTGAYCG-3' ~600 Barber et al., 2010
groEL-1236as 5-TCTTTRCGTTCYTTMACYTCAACTTC-3'
groEL nested PCR gro607F 5-GAAGATGCWGTWGGWTGTACKGC-3 650 Tabara et al., 2007
gro1294R 5-AGMGCTTCWCCTTCWACRTCYTC-3'
gro677F 5-ATTACTCAGAGTGCTTCTCARTG-3' 600
gro1121R 5'-TGCATACCRTCAGTYTTTTCAAC-3
gitA nested PCR F4b 5'-CCAGGCTTTATGTCAACTGC-3' 800 Inokuma et al., 2001
R1b 5'-CGATGACCAAAACCCAT-3'
EHR-CS136F 5-TTYATGTCYACTGCTGCKTG-3' 650
EHR-CS778R 5-GCNCCMCCATGMGCTGG-3'
sodB conventional
PCR sodb-F 5-TTTAATAATGCTGGTCAAGTATGGAATCAT-3’ 300 Qurolio et al., 2013.
sodb-R 5'-AAGCGTGTTCCCATACATCCATAG-3'
dsb hemi-nested PCR Dsb-330Fw 5-GATGATGTTTGAAGATATSAAACAAAT-3' 401 Doyle et al., 2005

Dsb-720Rv 5-CTATTTTACTTCTTAAAGTTGATAWATC-3’
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. Dsb-380Fw 5-ATTTTTAGRGATTTTCCAATACTTGG-3' 349 Almeida et al., 2013
2
3
4
5 Table 2: Record Ehrlichia sp. in opossums.
Opossum specie Ehrlichia specie Tissue or Tick Country Reference
Didelphis virginiana E. chaffeensis Amblyomma sp. Mexico Guzman-Cornejo et al., 2024
D. marsupialis Ehrlichia sp. Blood Brazil Braga et al., 2023
D. albiventris Ehrlichia sp. strain Natal Blood Argentina Tarragona et al., 2022
D. albiventris Ehrlichia sp. Blood Brazil Andre et al., 2022
Gracilinanus agilis Ehrlichia sp. strain Natal Blood Brazil De Oliveira et al., 2020
D. aurita Ehrlichia sp. Blood Brazil Guimaraes et al., 2019
D. albiventris Ehrlichia sp. strain Natal Spleen Brazil Lopes et al., 2018
5 G. agilis Ehrlichia sp. Spleen Brazil De Souza et al., 2017
7
8
9
10
11
1% Table 3: Ectoparasites found in opossums in the present study.
Animal
ID Ornithodoros mimon (larvae)  Ctenocephalides felis  Ehrlichia positive/gene
AL31 2 1 16S, dsb, and groEL
AL34 4 0 16S, dsb, and groEL
AL35 6 0 0
AL37 2 1 16S, dsb, and groEL
AL42 0 1 16S, dsb, and groEL
AL43 1 2 16S, dsb, and groEL
AL44 2 0 16S, dsb, and groEL

14




© 00 N OOLWN -

44

Ehrlichia sp. (PQ117750) - Didelphis albiventris - Brazil

Ehrlichia sp. (PQ117749) - Didelphis albiventris - Brazil

f nE;;rHchil sp. (PQ117748) - Didelphis albiventris - Brazil
DE:rlichia sp. (PQ117746) - Didelphis albiventris - Brazil
QE;rlichia sp. (PQ117751) - Didelphis albiventris - Brazil

n:hrli::.‘n'al sp. (PQ117747) - Didelphis albiventris - Brazil
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o EEEhrlichia sp. (PQ117752) - Didelphis albiventris - Brazil

~ Ehrlichia sp. (LC649942) - Ornithodoros capensis - Japan

- 'Candidatus Ehrlichia khabarensis' (F1966351) - Myodes rufocanus - Russia
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Ehrlichia sp (KY046308) - Haemaphysalis bispinosa - Malaysia

JEJ'J;'J'l‘v:hJ’:i sp. (0Q185238) - Rhipicephalus microplus - China
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<Ehrlichia sp. (KY046307) - Haemaphysalis bispinosa - Malaysia

- "Candidatus Ehrlichia shimanensis’' (AB074462) - Japan

‘— Ehrlichia sp. (MW650307) - Ixodes auritulus - Uruguay

Ehrlichia sp. (AB454077) - Cervus nippon - Japan

(X

L‘Caﬂdldatus Ehrlichia zunyiensis' (OM920710) - Berylmys bowersi - Japan
Ehrfichia sp. (0Q702290) - Haemaphysalis longicornis - China

062

'Candidatus Ehrlichia ovata' (DQ672553) - Ixodes ovatus - Japan
1

Ehrlichia muris (CP006917) - Eothenomys kageus - Japan

b

Ehrlichia muris (AF210459) - USA

Ehrlichia sp. (KY425415) - Amblyomma tigrinum - Argentina

U
ihrﬁch.'a chaffeensis (CP007480) - USA
1
Ehrlichia chaffeensis (CP007473) - USA
- Ehrlichia sp. (OP605946) - Camelus dromedarius - United Arab Emirates

1 gEhrtha canis (CP085275) - Australia
0.98

Ehrlichia minasensis (1X629806) - Brazil

0.28

r Ehrlichia sp. (ORS55743) - Haemaphysalis longicornis - China
28

088

'Candidatus Ehrlichia pampeana' (M2779094) - Haemaphysalis juxtakochi - Uruguay
1

'Candidatus Ehrlichia pampeana’ (MZ2779098) - Haemaphysalis juxtakochi - Uruguay

093

Ehrlichia sp. (OK514722) - Rhipicephalus decoloratus - Spain
1

I ‘Ehn'lchia sp.(MW054558) - Rhipicephalus microplus - Africa

Ehrlichia sp. (OLS07298) - Rhipicephalus microplus - China

= Ehrlichia ewingii (AF195273) - USA
0s8e

{ Ehrlichia ruminantium (CP040115) - South Africa

Ehrlichia sp. (KY425416) - Amblyomma tigrinum - Argentina

Y o

‘[ Ehrlichia sp. (LC565631) - Amclyomma nitidum - Japan
1

Ehrlichia sp. (LC565630) - Amblyomma geoemydae - Japan

L— ‘Candidatus Ehrlichia hydrochoerus' (MW816535) - Hydrochoerus hydrochaeris - Brazil

Neorickettsia risticii

Figure 1. Phylogenetic tree based on partial sequences of the groEL gene (600 bp), showing the relationship
between the Ehrlichia sp. detected in the White-eared opossums (Didelphis albiventris) from this study and other
Ehrlichia sequences published and deposited on GenBank. Neorckettsia risticii was the outgroup used. The
GenBank sequences were presented by accession number of each agent. Bayesian inferences were carried out by
applying the GTR + G model and 1000 bootstrap replicates for all analyses.
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Abstract

This study investigates the presence of piroplasms, specifically Babesia spp., in the opossum
species Didelphis albiventris from Alagoas, northeastern Brazil. Opossums are known potential
carriers of various vector-borne pathogens, and the Piroplasmida group, transmitted exclusively
by hard ticks, includes genera like Babesia. Blood samples from 30 opossums were collected,
with subsequent DNA extraction and PCR assays targeting the 18S gene. Four out of 30 samples
(13.33%) tested positive for Babesia sp., and their sequences showed similarities to known
Babesia sp. from different Brazilian states. Phylogenetic analysis supports the existence of a
piroplasmid clade in South American marsupials. This study represents the first molecular

detection with sequencing data of Babesia sp. in D. albiventris from northeastern Brazil,



o N oo o B~ WN =

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

46

contributing to the understanding of piroplasm circulation in South American marsupials.
However, further research, incorporating multiple genes and comprehensive characterization,
is crucial for confirming and classifying potential new Babesia species. The present study
provides the first report of the occurrence of Babesia sp. in D. albiventris in Northeastern,
Brazil, and these data serve as a basis for future research to better clarify the circulation of

piroplasmids not only in the country but also in South America.

Keywords: Tick-borne diseases; Babesia; Zoonosis; Opossum.

Resumo

Este estudo investiga a presenga de piroplasmideos, especificamente Babesia sp., na espécie de
gamba Didelphis albiventris em Alagoas, no nordeste do Brasil. Os gambas sdo conhecidos por
serem possiveis portadores de varios patdogenos transmitidos por vetores, € 0O grupo
Piroplasmida, transmitido exclusivamente por carrapatos argasideos, inclui géneros como
Babesia. A pesquisa envolveu a coleta de amostras de sangue de 30 gambads, com extracao de
DNA e reacdes de PCR direcionados ao gene 18S. Quatro das 30 amostras (13,33%) testaram
positivo para Babesia sp., € suas sequéncias mostraram semelhangas com sequéncias
conhecidas de Babesia sp. de diferentes estados brasileiros. A andlise filogenética apoia a
existéncia de um clado de piroplasmideos em marsupiais sul-americanos. Este estudo
representa a primeira detec¢do molecular com dados de sequenciamento de Babesia sp. em D.
albiventris do nordeste do Brasil, contribuindo para a compreensdo da circulacdo de
piroplasmideos em marsupiais sul-americanos. No entanto, mais pesquisas, incorporando
multiplos genes e uma caracterizagdo abrangente, sdo cruciais para confirmar e classificar
possiveis novas espécies de Babesia. O presente estudo fornece o primeiro relato da ocorréncia
de Babesia sp. em D. albiventris no Nordeste do Brasil, e esses dados servem como base para
pesquisas futuras para esclarecer melhor a circula¢do de piroplasmideos ndo apenas no Brasil,

mas também na América do Sul.

Palavras-chave: Doengas transmitidas por carrapatos; Babesia; Zoonoses; Gambas.

Introduction
Intra-erythrocytic protozoan parasites, known as piroplasms (Apicomplexa,
Piroplasmida), impact wild and domestic carnivores, with several genera, including Babesia,

Theileria, and Cytauxzoon (Schoch et al., 2020). The Piroplasmida group earned its name from
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the pear-shaped (pyriform) intra-erythrocytic stages, it denotes intracellular parasites
transmitted exclusively by hard ticks (Ixodidae) (Mehlhorn & Schein, 1993). Piroplasmid
infections, notorious for their devastating impact on the health of both wild and domestic
animals in tropical and subtropical regions and the human babesiosis cases suggest the
emergence of this disease as a significant zoonotic threat (Jongejan & Uilenberg, 2004;
Kjemtrup & Conrad, 2000).

The genus Didelphis, commonly known as opossums, includes species that have
effectively adapted to human activities, showing a significant tendency towards synanthropy
(Bezerra-Santos et al., 2020). In South America, researchers have identified four specific
species: D. albiventris, D. aurita, D. imperfecta, and D. marsupialis (Do Nascimento & Horta,
2014). Opossums, as they are commonly referred to, are recognized as potential carriers or
reservoirs for a range of vector-borne pathogens (Carreira et al., 2012; Da Silva et al., 2017;
Horta et al., 2009; Zecca et al., 2020), helminths (Bezerra-Santos et al., 2020), and tick species
(Horta et al., 2007; Miziara et al., 2008; Muller et al., 2005). Different tick-borne pathogens
(TBP) have been documented in opossums across Brazil (Guimaraes et al., 2019; Melo et al.,
2016; Soares et al., 2017), including piroplasm species.

The occurrence of Piroplasmids in different opossum species was reported in different
Brazilian states such as Mato Grosso (Colle et al., 2019; Wolf et al., 2016), Para (Soares et al.,
2017), Brasilia (Gongalves et al., 2021), Rio de Janeiro (Oliveira et al., 2023), and Maranhao
(Braga et al., 2023), and these descriptions can serve as a basis for the existence of a piroplasmid
clade “South American Marsupialia” (Braga et al., 2023; Oliveira et al., 2023).

This study aimed to detect and molecularly characterize Piroplasm in Didelphis
albiventris transitional areas of the Atlantic Forest and Caatinga biomes in Alagoas state,

northeastern, Brazil.
Material and methods

The sampling took place from November to December 2022, when 30 blood samples,
each up to 2 mL, from D. albiventris, from different Macei6 areas (Gruta de Lourdes -
9°37'14.53"S 35°43'55.76"0O; Barro Duro - 9°36'56.36"S 35°43'8.83"0; Jardim do Horto -
0°36'38.47"S 35°44'13.46"0) with Caatinga and Atlantic Forest biomes, rescued to the Centro
de triagem de Animais Silvestres of Alagoas state (CETAS). This procedure involved
venipuncture of the lateral vein in the tail (Do Nascimento & Horta, 2014), and the samples
were gathered into sterile tubes coated with EDTA (Becton & Dickinson Co, Franklin Lakes,
NJ, USA) intended for blood analysis. For chemical restraint, ketamine (10 mg/kg) and xylazine
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(2 mg/kg) were administered intramuscularly. Samples were collected in sterile EDTA-coated
tubes (Becton & Dickinson Co, Franklin Lakes, NJ, USA) for hematological analyses and
stored at —20 °C until DNA extraction. Ectoparasites found on the animals were collected for
identification. After sample collection, the animals were monitored until they fully recovered
from the chemical restraint.

DNA was extracted from all collected blood samples utilizing the IndiSpin® Pathogen
kit adhering strictly to the guidelines provided by the manufacturer. To prevent any cross-
contamination, ultrapure water was used as a negative control concurrently. The assessment of
DNA concentration and purity was conducted using fluorometric analysis, specifically through
the Qubit® dsDNA HS Assay kit, with measurements taken on a Qubit® 2.0 Fluorometer
(Invitrogen). To validate the efficiency of DNA extraction, a polymerase chain reaction (PCR)
targeting the glyceraldehyde-3-phosphate dehydrogenase (gapdh) endogenous gene of
mammals (Birkenheuer et al., 2003) was carried out on all collected samples.

All samples were tested for the 18S (800 bp) gene (Jefferies et al., 2007), and positive
samples sent for sequencing. After PCR reactions, all samples were viewed using
electrophoresis in 1,5% agarose gel with SYBR Safe DNA Gel Stain (Thermo Fisher Scientific)
and visualized under UV light. A 100 bp DNA ladder (Thermo Fisher Scientific) was used in
all agarose gels. Table 1 includes primers used herein.

The amplicons derived from four Piroplasm-positive samples underwent extraction and
purification from the gel through enzymatic purification using ExoSAP-ITTM PCR Product
Cleanup Reagent (Thermo Scientific, Waltham, USA). Subsequently, their concentration and
purity were assessed via spectrophotometry using the NanoDropTM One Spectrophotometer
(Thermo Scientific, Waltham, USA). The sequencing of these amplicons was carried out
bidirectionally using Sanger's method on the 3500 Genetic Analyzer (Applied Biosystems,
Foster City, CA, USA).

Consensus sequences were crafted utilizing Geneious Prime version 2023.2 and
subsequently subjected to BLASTn analysis (Altschul et al., 1990) for the identification of
similarities with sequences already present in GenBank®. Phylogenetic analyses on the 18S
gene sequences were performed based on Bayesian inference using the Beast 1.8.0 package
(Drummond et al., 2012). Three separate iterations of Monte Carlo Markov Chain (MCMC),
each comprising 100,000,000 generations, were executed. Sampling occurred once every
10,000 generations, and a 10% burn-in was applied. The substitution model was determined as
GTR + G through AIC estimation using jModeltest 2.1.10 (Darriba et al., 2012).

Reconstructions were visualized using the FigTree 1.4.4 software (Rambaut, 2012). The 18S
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gene tree was performed with Hemolivia stellata (KP881349) outgroup. Moreover, a haplotype
network for each fragment was estimated in the PopArt 1.7 (Leigh & Bryant, 2015) using the
median-joining method (Bandelt et al., 1999). The phylogenetic tree was visualized with

FigTree software version 1.4.4 and the final layout was done with Inkscape version 0.92.2.
Results and discussion

Of 30 animals, 19/30 (63.33%) were male and 11/30 (36.66%) were female. Were tested
Piroplasm-positive by the 18S gene PCR assay four/30 (13.33%, 95% CI 5.31-29.62%), and all
four positive samples were sequenced.

The Piroplasm 18S sequences obtained were deposited at Genbank by numbers
PQ113404-PQ113407 and found to be grouped with Piroplasms sequences from marsupials of
Brazil, (figure 1). Furthermore, the sequences reported here showed an Identity and Query cover
of 100% with a Babesia sp. sequence of D. albiventris from Brasilia (MW290046), an Identity
of 100% with Query cover of 97% (KY684002) and 100% and Query cover of 94%
(MK257776) both Babesia sp. of D. marsupialis from Pard and Mato Grosso respectively, an
Identify of 97.3% with a Query cover of 100% (OP751800) with a Babesia sp. of D. aurita
from Rio de Janeiro, and Identify of 98.1% with a Query cover of 93% with a Babesia sp. of
D. marsupialis from Maranhdo (OQ787671). Table 2 shows the Piroplasm record in opossums.

In the present study, the most common ectoparasite was Ornithodoros mimon, and there
were no detected hard ticks the ectoparasite results are shown in Table 3. In the present study,
was not found Piroplas positive animals with ectoparasites. Other authors have described O.
mimon distributed in Central and South America with records in Argentina, Bolivia, Brazil, and
Uruguay (Ramos et al., 2015; Sponchiado et al., 2015; Nava et al., 2017) in different species
including opossums (Labruna et al., 2014; Tarragona et al., 2022). The opossum’s behavior,
including sharing spaces with other species such as bats and birds, and its generalist parasitism
(Labruna et al., 2014; Sponchiado et al., 2015), create a perfect scenario that makes the opossum
a natural host for these ticks.

The present study reports the occurrence of Babesia sp. in 13.33% of D. albiventris
from Alagoas, northeast, Brazil. The occurrence of Piroplasmids in opossums is variable, from
0% to 25.5% (Gongalves et al., 2021; Oliveira et al., 2021). Variations in research findings
could arise from the seasonal patterns of tick activity, the presence of proficient tick vectors, as
well as variations in the sensitivity and specificity of the employed PCR assays.

The first molecular detection of Piroplasm in opossums was in Monodelphis domestica

from Mato Grosso, Brazil (Wolf et al., 2016), since then, different Babesia sp. sequences have
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been related in opossums from other Brazilian states, how are the case of D. marsupialis from
Paré (Soares et al., 2017) and Mato Grosso (Colle et al., 2019), D. albiventris from Brasilia
(Gongalves et al., 2021), D. aurita from Rio de Janeiro (Oliveira et al., 2023), and at this time,
the only published report of Babesia sp. isolates of Didelphis in the northeast was from
Maranhao (Braga et al., 2023) in D. marsupialis.

To date, this represents the first molecular detection with sequencing data of Babesia
sp. in D. albiventris from northeastern Brazil, further reinforcing the existence of the
piroplasmid clade “South American Marsupialia” (Braga et al., 2023; Oliveira et al., 2023), and
it confirms that a putative new species of Babesia in circulation, howoever, the utilization of
this casual term helps avoid taxonomic instability by refraining from employing unsuitable
scientific names until adequate data is amassed to formally elucidate the species and integrate
them into a dependable taxonomic structure (Harris, 2016). However, these steps involve a
comprehensive analysis of nucleotide identity levels, epidemiological characteristics, hosts, and
vectors associated with the observed phenomena.

The data presented here are based on the 18S gene, and it is crucial for a consistent and
complete characterization, along with other genes, to ensure that a new species is circulating in
South American opossums. Furthermore, additional recommendations for characterizing new
species can be considered, such as housekeeping genes, DNA profiling, and DNA arrays

(Stackebrandt et al., 2002).
Conclusion

The present study provides the first report of the occurrence of Babesia sp. in D.
albiventris in Northeastern, Brazil, and these data serve as a basis for future research to better

clarify the circulation of piroplasmids not only in the country but also in South America.
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Primer Base
Gene name Primer Sequence pars Reference
18S Nested PCR BTF1 5’-GGC TCA TTA CAA CAG TTA TAG-3’ 800 Jefferies et al., 2007
BTRI 5’-CCC AAA GAC TTT GAT TTC TCTC-3’
BTF2 5’-CCG TGC TAA TTG TAG GGC TAA TAC -3’
BTR2 5’-GGA CTA CGA CGG TAT CTG ATCG-3’
18S Conventional
PCR NbablF 5'AAGCCATGCATGTCTAAGTATAAGCTTTT3' 1500 Oosthuizen et al., 2008
18SApiR 5'GGATCACTCGATCGGTAGGAG3' Greay et al. 2018
18S rRNA NBABI1Bab 5'-GGATAACCGTGCTAATTGT-3' 1484 Quillfeldt et al. 2014
Hepl1615R 5'-AAAGGGCAGGGACGTAATC-3' Merino et al. 2006
18S rRNA PiroOF 5'-GCCAGTAGTCATATGCTTGTGTTA3' 1500 Kawabuchi et al. 2005
PirolF 5'-CCATGCATGTCTWAGTAYAARCTTTTA-3'
Piro5.5R 5'-CCTYTAAGTGATAAGGTTCACAAAACTT-3'
Piro6R 5'-CTCCTTCCTYTAAGTGATAAGGTTCAC-3'
hsp70 hsp70 F1 5'-CATGAAGCACTGGCCHTTCAA-3' 700 Soares et al., 2011
hsp70 R1 5'-GCNCKGCTGATGGTGGTGTTGTA-3'
Cox1 Conventional Gou et al. 2012 modified by
PCR Bab Forl 5-ATWGGATTYTATATGAGTAT-3' 924 Corduneanu et al. 2017
Bab_Revl 5-ATAATCWGGWATYCTCCTTGG-3'
Bab_For2 5-TCTCTWCATGGWTTAATTATGATAT-3'
Bab Rev2 5-TAGCTCCAATTGAHARWACAAAGTG-3’
Cox3 Conventional
PCR Cox3F 5'-ACTGTCAGCTAAAACGTATC-3' 600 Schreeg et al. 2016
Cox3R 5-ACAGGATTAGATACCCTGG-3'
CytB Conventional
PCR CytBF 5'-TTAGTGAAGGAACTTGACAGGT-3' 1Kb Schreeg et al. 2016
CytBR 5'-CGGTTAATCTTTCCTATTCCTTACG-3'
2
3
4
5 Table 2: Record Babesia sp. in opossums.
Opossum specie Piroplasmid specie Tissue or tick Country Reference
Babesia sp. and
Didelphis aurita Piroplasmid Blood Brazil Oliveira et al., 2023
Blood and 4.
D. albiventris Babesia sp. dubitatum Brazil Gongalves et al., 2021
D. marsupialis Babesia sp. Liver and Spleen Guatemala Thomas et al., 2023
D. marsupialis Babesia sp. Blood Brazil Braga et al., 2023
D. marsupialis and
M. domestica Babesia sp. Blood Brazil Colle et al., 2019
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Babesia sp, (0Q194051) - Nasua nasua - Brazil

0.08

Babesia sp. (PQ113407) - Didelphis albiventris - Brazil
0.01

Babesia sp. (PQ113405) - Didelphis albiventris - Brazil
0.08

Babesia sp. (KY684002) - Didelphis marsupialis - Brazil

M 001

Babesia sp. (PQ113404) - Didelphis albiventris - Brazil

0.09

Babesia sp (MW342734) - Didelphis albiventris - Brazil

— 4.76

Babesia sp. (PQ113406) - Didelphis albiventris - Brazil

ﬂ{ Babesia sp. (MK257776) - Didelphis marsupialis - Brazil
0.08

Babesia sp. (MW290046) - Didelphis albiventris - Brazil

0.99

Babesia sp. (OP751799) - Didelphis aurita - Brazil

O Fabesia sp. (OP751797) - Didelphis aurita - Brazil

0.35
Babesia sp. (0Q787671) - Didelphis marsupialis - Brazil

0.850.27

Babesia sp. (OP751798) - Didelphis aurita - Brazil

Babesia sp (KP757839) - Monodelphis domestica - Brazil
Babesia gibsoni (KP666155) - China
4E.93
Babesia gibsoni (EUS83386) - USA
1

Babesia ovata (NW_021638330)

Babesia caballi (BPLF01000008)

Babesia canis (AY272047)

Babesia canis (L19079)

Hemaolivia stellata (KP881349)

0.009

Figure 1. Phylogenetic tree based on partial sequences of the 18S gene (800 bp), showing the relationship between
the Piroplasm detected in the White-eared opossums (Didelphis albiventris) PQ113404-PQ113407 from this study
and other Piroplasm sequences published and deposited on GenBank. Hemolivia stellata was the outgroup used.
The GenBank sequences were presented by the accession number of each agent. Bayesian inferences were carried
out by applying the GTR + G model and 1000 bootstrap replicates for all analyses.
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8. CONSIDERACOES FINAIS

1.

2.

3.

Nosso estudo baseado na caracterizacdo pelos genes 16S, dsb e groEL reporta uma
espécie de Ehrlichia circulando em D. albiventris no Estado de Alagoas, nordeste
do Brasil;

A analise molecular de piroplasmideos baseada no gene 18S mostrou a circula¢ao
de Babesia sp. do grupo “South American Marsupialia”;

Essas descricdes merecem maior investigagdo por meio de outros genes para
confirmar molecularmente a existéncia e circulagao de novas espécies.
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L ]

. & PRO-REITORIA DE POS-GRADUAGAO E PESQUISA @ U A

COMISSAO DE ETICA NO USO DE ANIMAIS

CERTIFICADO

Certificamos que a proposta intitulada “Detec¢do de Rickettsia spp., Ehrlichiaspp. e
hemoplasmas de interesse em saiide tinica em carrapatos de mamiferos silvestres no Estado
de Alagoas, Brasil. ”, registrada com o n® 21/2021, sob a responsabilidade do pesquisador
Prof. Dr. Jonatas Campos de Almeida, que envolve a utilizagdo de animais pertencentes ao
filo Chordata, subfilo Vertebrata (exceto o homem), para fins de pesquisa cientifica,
encontra-se de acordo com os preceitos da Lei n® 11.794, de 8 de outubro de 2008, do Decreto
n°® 6.899, de 15 de julho de 2009, e com as normas editadas pelo Conselho Nacional de
Controle da Experimentagio Animal (CONCEA), ¢ foi aprovada pela Comissdo de Etica no
Uso de Animais da Universidade Federal de Alagoas (CEUA/UFAL), em reunido de 17 de

dezembro de 2021.

Vigéncia da autorizagio

01.04.2022 a 01.04.2023

Espécie/linhagem/raca

Espécie silvestre brasileira de vida livre

N° de animais / peso — idade / sexo Nao definidos

Origem / Local de manutengio

Centro de Triagem de Animais Silvestres — Cetas/Al
/ Nio se aplica

Colaboradores

Epitacio Correia de Farias Jinior

Maceid 10 de ianeirn de 20272

Documento assinado digitalmente

ub Elvar nento dos Santos Fitho
g Data: 19/01/2022 10:40:43-0300

Verifique em hitps:/fverificador.iti.br

Elvan Nascimento dos Santos Filho
Coordenador da CEUA
SIAPE 1756479
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Ministério do Meio Ambiente - MMA
Instituto Chico Mendes de Conservacéao da Biodiversidade - ICMBio

Sistema de Autorizagao e Informagdao em Biodiversidade - SISBIO

Autorizacao para atividades com finalidade cientifica

Ndmero: 79797-1 Data da Emiss&o: 20/08/2021 12:04:16 Data da Revalidacao*: 20/08/2022

De acordo com o art. 28 da IN 03/2014, esta autorizagéo tem prazo de validade equivalente ao previsto no cronograma de atividades
do projeto, mas devera ser revalidada anualmente mediante a apresentagéo do relatério de atividades a ser enviado por meio do
Sisbio no prazo de até 30 dias a contar da data do aniversario de sua emissao.

Dados do titular

Nome: Epitacio Correia de Farias Junior cPF: 060 N

Titulo do Projeto: Autorizagdo para coleta de material biologico de animais do Centro de Triagem de Animais Silvestres - CETAS/AL.

A solicitagdo se da em virtude da necessidade de execugé@o de atividades relacionadas ao projeto de pesquisa denominado "Detec¢a@o
de Rickettsia spp., Ehrlichia spp. e outros hemoplasmas de interesse em saude Unica em carrapatos de mamiferos silvestres no Estado de

Alagoas, Brasil." vinculado ao Programa de Pos-graduagéo em Ciéncia Animal, nivel Mestrado.

Nome da Instituigdo: UNIVERSIDADE FEDERAL DE ALAGOAS CNPJ: 24.464.109/0001-48

Cronograma de atividades

# |Descrigao da atividade Inicio (més/ano) Fim (més/ano)
1 | Revisdo Bibliografica 08/2021 05/2023
2 |Treinamento da equipe, padronizagao das coletas e técnicas laboratoriais. 10/2021 12/2021
3 | Coleta de carrapatos e diagnostico entomologico 01/2022 12/2022
4 | Diagnostico Molecular e Sequenciamento 01/2022 12/2022
5 |Tabulagédo e analise dos Dados 01/2022 06/2023

Observacdes e ressalvas

1 Deve-se observar as as recomendagfes de prevengéo contra a COVID-18 das autoridades sanitarias locais e das Unidades de Conservagao a serem acessadas.

2 | Esta autorizagio NAO libera o use da substancia com potencial agrotxico efou inseticida e NAO exime o pesquisador titular e os membros de sua equipe da necessidade de atender
as exigéneias e obter as autorizagBes previstas em outros instrumentos legais relativos ao registro de agrotoxicos (Lei n° 7.802, de 11 de julho de 1989, Decreto n° 4.074, de 4 de

Janeiro de 2002, entre outros).

3 | Esta autorizag&io NAO libera 0 use da substancia com potencial agrotxico efou inseticida e NAO exime o pesquisador titular e os membros de sua equipe da necessidade de atender
&s exigéncias e obter as autorizagdes previstas em outros instrumentos legais relativos ao registro de agrotéxicos (Lei n® 7.802, de 11 de julho de 1989, Decreto n° 4.074, de 4 de

Janeiro de 2002, entre outros)

4 O fitular de autorizagdo ou de licenga permanente, assim como os membros de sua equipe, quando da violagdo da legislagéo vigente, ou quando da inadequagéo, omissdo ou
falsa descrigéo de informagdes relevantes que subsidiaram a expedi¢éo do ato, podera, mediante deciséo motivada, ter a autorizagao ou licenga suspensa ou revogada pelo

ICMBio, nos termos da legislagéo brasileira em vigor.

5 Este documento somente podera ser ulilizado para os fins previstos na Instrugdo Normativa ICMBio n® 03/2014 ou na Instrugae Normativa ICMBio n® 10/2010, no que especifica esta

Autorizagio, nde podendo ser utilizado para fins comercials, industriais ou esportives. O material i letado devera ser utilizado para atividades cientificas ou didaticas no

ambito do ensino superior.

6 | As atividades de campo exercidas por pessoa natural ou juridica estrangeira, em todo o territério nacional, que impliguem o deslocamento de recursos humanos e materiais, tendo por abjeto
coletar dados, materiais, espécimes biolégicos e minerais, pegas integrantes da cultura nativa e cultura popular, presente e passada, obtidos por meio de recursos e técnicas que se

destinem ao estudo, & difusfio ou & pesquisa, estéo sujeitas a autorizagdo do Ministério de Ciéncia e Tecnologia.

T Este documento néo dispensa o cumprimento da legislagdo que dispoe sobre acesso a componente do patriménio genético existente no territorio nacional, na plataforma continental e

na zona econdmica exclusiva, ou ao conhecimento tradicional associado ao patriménio genético, para fins de i ¢éo e desenvolvi o ico. Veja

maiores informagdes em www.mma.gov.bricgen.

8 | O titular de licenga ou autorizagdo & 0s membros da sua equipe deverdo optar por métodes de coleta e instrumentos de captura direcionados, sempre que possivel, ao grupo

taxondmico de interesse, evitando a morte ou dano significativo a outres grupes; e empregar esforgo de coleta ou captura que néo comprometa a viabilidade de populagdes do grupo

taxondmico de interesse em condigdo in situ.

Este documento foi expedido com base na Instrucdo Normativa n® 03/2014. Através do codigo de autenticacdo abaixo, qualquer cidaddo
podera verificar a autenlicidade ou regularidade deste documento, por meio da pagina do Sisbio/ICMBio na Inlernet (www.iecmbio.gov.br/sisbio).
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