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RESUMO 

 

Arbovírus são vírus que utilizam vetores artrópodes hematófagos, como por exemplo, os 

mosquitos e carrapatos, para serem disseminados, circulando em ciclos urbanos e 

silvestres. Os carrapatos são artrópodes hematófagos, parasitas obrigatórios, que utilizam 

de uma ampla gama de hospedeiros. Como vetores, os carrapatos são capazes de 

transmitir uma grande variedade de patógenos, e estão entre os mais importantes vetores 

de doenças, afetando animais selvagens e domésticos e, os seres humanos, representando 

um sério risco para a saúde pública. O Brasil possui uma grande diversidade de artrópodes 

e de animais vertebrados, que juntamente com as condições climáticas, constituem 

características favoráveis à ocorrência dessas doenças. A maioria dos vírus transmitidos 

por carrapatos tem genomas de RNA que tendem a acumular mutações gerando grande 

variabilidade genética. Essas mudanças genômicas podem influenciar a disseminação de 

vírus para novos habitats e hospedeiros, levando a emergência de novos vírus que podem 

representar uma ameaça à saúde pública. Portanto, a investigação dos vírus que circulam 

nos carrapatos é importante para entender sua diversidade, variedade de hospedeiros e de 

vetores, prevendo novos patógenos emergentes. A metagenômica viral é uma ferramenta 

útil para identificar simultaneamente todos os vírus presentes em uma amostra, incluindo 

novas variantes de vírus já conhecidos ou vírus completamente novos. Assim, o objetivo 

deste projeto foi investigar o viroma de carrapatos provenientes de animais silvestres 

recebidos e atendidos no Zoológico Municipal de São José do Rio Preto – SP, através de 

uma abordagem metagenômica. Foram coletados 273 carrapatos, que inicialmente, foram 

identificados morfologicamente, e separados em 71 pools, o RNA foi extraído e a 

identificação das espécies foi confirmada, por análise molecular através do gene 

mitocondrial, mais especificamente, a subunidade I do citocromo c oxidase (COI). Em 

seguida, as bibliotecas genômicas foram preparadas para a realização do sequenciamento 

de nova geração (NGS) utilizando a plataforma MiSeq (Illumina). As análises mostraram 

evidências moleculares importantes sobre um potencial novo vírus pertencente ao grupo 

dos Jingmenvirus em carrapatos coletados de animais silvestre. É importante ressaltar que 

não existem estudos sobre o viroma de carrapatos na região estudada, e o foco em animais 

silvestres é raro devido à dificuldade de manejo dos mesmos. Além disso, esse estudo 

revela a importância de caracterizar os vírus que circulam em carrapatos de animais 

silvestres para compreender potenciais riscos de emergência de zoonoses, que possam 

causar impactos na saúde humana, além dos potenciais impactos para a vida silvestre da 



 
 

região, e com isso fornecer informações para contribuir com a vigilância epidemiológica 

na região. Em suma, as pesquisas sobre JMTV ainda estão em estágio inicial, sendo 

necessários mais estudos para elucidar a patogenicidade desse vírus aos animais e suas 

características epidemiológicas na natureza. 

 

Palavras-chave: Animais silvestres. Vírus. Carrapatos. Metagenômica. Jingmenvirus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

ABSTRACT 

 

Arboviruses are viruses that use hematophagous arthropod vectors, such as mosquitoes 

and ticks, to be disseminated, circulating in urban and wild cycles. Ticks are 

hematophagous arthropods, obligate parasites, which use a wide range of hosts. As 

vectors, ticks are capable of transmitting a wide variety of pathogens, and are among the 

most important disease vectors, affecting wild and domestic animals and humans, 

representing a serious risk to public health. Brazil has a great diversity of arthropods and 

vertebrate animals, which, together with climatic conditions, are favorable characteristics 

for the occurrence of these diseases. Most tick-borne viruses have RNA genomes that 

tend to accumulate mutations, generating great genetic variability. These genomic 

changes can influence the spread of viruses to new habitats and hosts, leading to the 

emergence of new viruses that may pose a threat to public health. Therefore, the 

investigation of the viruses that circulate in ticks is important to understand their diversity, 

variety of hosts and vectors, anticipating new emerging pathogens. Viral metagenomics 

is a useful tool to simultaneously identify all viruses present in a sample, including new 

variants of already known viruses or completely new viruses. Thus, the aim of this project 

was to investigate the virome of ticks from wild animals received and treated at the 

Municipal Zoo of São José do Rio Preto - SP, through a metagenomic approach. 273 ticks 

were collected, which were initially morphologically identified, and separated into 71 

pools, the RNA was extracted and the species identification was confirmed, by molecular 

analysis through the mitochondrial gene, more specifically, the subunit I of cytochrome 

c oxidase (COI). Next, the genomic libraries were prepared for next-generation 

sequencing (NGS) using the MiSeq platform (Illumina). The analyzes showed important 

molecular evidence of a potential new virus belonging to the Jingmenvirus group in ticks 

collected from wild animals. It is important to emphasize that there are no studies on the 

virome of ticks in the region studied, and the focus on wild animals is rare due to the 

difficulty of handling them. In addition, this study reveals the importance of 

characterizing the viruses that circulate in wild animal ticks to understand potential risks 

of emergence of zoonoses, which may impact human health, in addition to potential 

impacts on wildlife in the region, providing information to contribute to epidemiological 

surveillance in the region. In short, research on JMTV is still at an early stage, and further 

studies are needed to elucidate the pathogenicity of this virus to animals and its 

epidemiological characteristics in nature. 
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1. INTRODUÇÃO  

1.1 Arbovírus 

            O termo arbovírus refere-se à expressão Arthropod-borne virus, que são vírus 

transmitidos por vetores artrópodes hematófagos, como por exemplo, os mosquitos e os 

carrapatos, estes vírus normalmente são transmitidos ao homem e aos outros animais 

durante o repasto sanguíneo (WEAVER; REISEN, 2010).  

De acordo com a literatura, mais de 500 espécies de arbovírus foram reconhecidos 

mundialmente, sendo que 150 espécies foram documentadas causando doenças em 

humanos (YOUNG, 2018). A maioria das arboviroses que causam doenças em humanos 

estão distribuídas nas famílias Togaviridae, Flaviviridae, Bunyaviridae, Rhabdoviridae, 

Orthomyxoviridae e Reoviridae, sendo as três primeiras de maior interesse e importância 

para a saúde pública (CLETON; KOOPMANS; REIMERINK; GODEKE et al., 2012; 

WEAVER; REISEN, 2010). 

Os arbovírus são mantidos na natureza em um ciclo de transmissão entre 

artrópodes hematófagos (vetores) e hospedeiros vertebrados, sendo estes essenciais para 

a manutenção dos vírus, e são chamados de hospedeiros amplificadores ou reservatórios 

(CLETON; KOOPMANS; REIMERINK; GODEKE et al., 2012; GUBLER, 2001). Esses 

ciclos são geralmente silenciosos, e mantidos de forma estável entre artrópodes e animais 

em um ciclo silvestre, e não são detectados na natureza até que alguma mudança 

ambiental permita que o vírus escape do ciclo primário por meio de um vetor secundário 

ou hospedeiro vertebrado, ou quando os humanos invadem o nicho da infecção 

(GUBLER, 2001; YOUNG, 2018).  

Os arbovírus apresentam uma distribuição geográfica bastante ampla, abrangendo 

praticamente todos os continentes, exceto o Antártico (Figura 1). A maior incidência de 

arboviroses ocorre nas regiões tropicais, por apresentarem condições ecológicas propícias 

para a reprodução e disseminação dos insetos vetores (BROOKS; CARROLL; BUTEL; 

MORSE et al., 2014; DONALISIO, M. R.; FREITAS, A. R. R.; ZUBEN, A., 2017; 

WEAVER; CHARLIER; VASILAKIS; LECUIT, 2018; WEAVER; REISEN, 2010).  
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Figura 1: Regiões com maior incidência de arboviroses, e distribuição das principais 

doenças virais emergentes/ressurgentes transmitidas por vetores. 

 

 
Fonte: (CHARLIER et al., 2017). 
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No contexto epidemiológico brasileiro, as arboviroses de maior circulação são 

causadas pelos vírus da Dengue (DENV), Febre Amarela (YFV), Chikungunya (CHIKV) 

e vírus Zika (ZIKV), embora existam outros com potencial de disseminação no país 

(DONALISIO, M. R.; FREITAS, A. R. R.; ZUBEN, A., 2017). O Brasil possui grande 

diversidade de artrópodes e de animais vertebrados, que juntamente com sua extensão 

territorial, presença de florestas tropicais, mudanças climáticas e desmatamentos, 

constituem características que favorecem à ocorrência desses vetores e consequentemente 

a circulação de arboviroses (FIGUEIREDO, 2007).  

Apesar da crescente preocupação acerca dos impactos causados pelos arbovírus, 

aqueles transmitidos por carrapatos ainda são menos estudados quando comparados aos 

transmitidos por mosquitos, e nas últimas décadas um elevado número de enfermidades 

virais emergentes transmitidas por estes artrópodes foi relatado (ALMEIDA; MARKS; 

JÚNIOR; SANTOS et al., 2010). 

 

1.2 Carrapatos 

Os carrapatos são artrópodes de grande importância médica e veterinária, 

pertencentes ao filo Arthropoda, classe Arachnida, ordem Acari e subordem Ixodida 

(DANTAS-TORRES; ONOFRIO; BARROS-BATTESTI, 2009). São ectoparasitas 

obrigatórios e de hábito hematofágico, o que os torna em vetores de vários agentes 

infecciosos para animais domésticos e de vida livre, e também para os humanos, que 

acabam sendo hospedeiros acidentais (DANTAS-TORRES; CHOMEL; OTRANTO, 

2012). Segundo Martins et al. (2017), aproximadamente 80% das espécies encontradas 

no Brasil, são parasitas exclusivos de animais silvestres, já os outros 20%, parasitam 

animais domésticos e os seres humanos (MARTINS; IGAYARA-SOUZA; SANCHES; 

MELO et al., 2017). 

Existem aproximadamente 900 espécies de carrapatos, agrupados em três 

famílias, os Ixodidae (carrapatos de corpo duro), Argasidae (carrapatos de corpo mole), e 

Nuttalliellidae (DANTAS-TORRES; CHOMEL; OTRANTO, 2012).  

A família Ixodidae compreende 702 espécies divididas em 14 gêneros, porém, os 

carrapatos dos gêneros Ixodes, Amblyomma, Dermacentor, Rhipicephalus e 

Haemaphysalis, são responsáveis pela transmissão de patógenos de importância para a 

medicina humana e veterinária (GUGLIELMONE; ROBBINS; APANASKEVICH; 

PETNEY et al., 2010). Os carrapatos desta família alimentam-se por períodos longos, e 

a fase parasitária é finalizada após o completo ingurgitamento (KLOMPEN; BLACK; 
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KEIRANS; J. H. OLIVER, 1996). Cada espécie de carrapato dentro destes gêneros é 

capaz de transmitir múltiplos patógenos, que podem infectar várias espécies de animais, 

incluindo o homem, e um único carrapato pode transmitir simultaneamente múltiplos 

patógenos a um hospedeiro durante uma alimentação (BRANDA; ROSENBERG, 2013; 

HEGARTY; MAGGI; KOSKINEN; BEALL et al., 2012; NICHOLSON; ALLEN; 

MCQUISTON; BREITSCHWERDT et al., 2010; REEVES; LOFTIS; NICHOLSON; 

CZARKOWSKI, 2008; SAVAGE; GODSEY; LAMBERT; PANELLA et al., 2013).  

A família Argasidae agrupa 193 espécies distribuídas em cinco gêneros, destes, 

os gêneros Argas e Ornithodoros são comumente associados a infestações em animais e 

humanos, sendo responsáveis pela disseminação de vírus e bactérias. Os argasídeos tem 

uma fase de vida parasitária muito curta e podem permanecer por longos períodos sem se 

alimentar (HEGARTY; MAGGI; KOSKINEN; BEALL et al., 2012).  

E por fim, a família Nuttalliellidae que é representada por uma única espécie 

africana, Nuttalliella namaqua, que reúne características comuns das outras duas famílias 

(BEATI; KLOMPEN, 2019). 

Durante o repasto sanguíneo, o aparelho bucal do carrapato penetra 

profundamente na pele do hospedeiro, permanecendo fixado através do hipostômio, a 

saliva do carrapato contém uma grande variedade de moléculas anticoagulantes, 

imunomoduladoras e anti-inflamatórias que facilitam a aquisição e transmissão de 

patógenos. Ao provocar laceração dos tecidos e vasos sanguíneos, o carrapato ingere 

sangue e outros líquidos tissulares dos hospedeiros e regurgita grandes volumes de saliva, 

principal via de inoculação de patógenos (Figura 2) (RICHTER; MATUSCHKA; 

SPIELMAN; MAHADEVAN, 2013).  
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Figura 2: O patógeno é adquirido durante a refeição sanguínea e interage com fatores do 

intestino (I) e da hemolinfa (HE). Alguns patógenos podem invadir os ovários (OVA) e 

serem transmitidos transovarianamente. As glândulas salivares (GS) são colonizadas e o 

patógeno é inoculado no hospedeiro vertebrado através da saliva. 

 
Fonte: Adaptado de (HAJDUSEK; SIMA; AYLLON; JALOVECKA et al., 2013). 

 

Dependendo do patógeno, é possível que ele persista por muito tempo nos 

carrapatos, podendo ser transmitido de estágio para estágio (transmissão transestadial), 

de fêmeas para ovos (transmissão vertical ou transovariana) e de carrapato para carrapato 

via hospedeiro (transmissão horizontal). O fenômeno da co-alimentação permite que 

alguns agentes infecciosos, por exemplo, o vírus da Encefalite transmitida por carrapatos 

(TBEV), seja transmitido de um carrapato infectado para um carrapato saudável no local 

da picada de um animal, na ausência de viremia no hospedeiro (MASSARD; FONSECA, 

2004; RANDOLPH; GERN; NUTTALL, 1996). 

Diversas características biológicas tornam os carrapatos importantes vetores para 

a transmissão de doenças, sendo elas: hematofagismo em todas as fases de vida, o que 

aumenta a eficiência como vetor; fixação profunda nos hospedeiros através do 

hipostômio, propiciando dificuldade de remoção; lento período de alimentação e 

ingurgitamento, propiciando tempo para adquirir e inocular os patógenos; grande 

diversidade de hospedeiros, possibilitando a transmissão de patógenos entre diferentes 
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espécies; longevidade dos estágios no ambiente, propiciando tempo para multiplicação 

dos patógenos; transmissão transovariana, permitindo sucessivas gerações com potencial 

de transmitir e funcionarem como eficientes reservatórios; poucos inimigos naturais, o 

que propicia a manutenção de grande número de indivíduos no ambiente; exoesqueleto 

de quitina (esclerotização), propiciando resistência a adversidade climática; grande 

potencial reprodutivo, algumas espécies ovipositam até 18.000 ovos, possibilitando a 

perpetuação da espécie (BOULANGER; BOYER; TALAGRAND-REBOUL; 

HANSMANN, 2019; BRITO; DA SILVA NETO; OLIVEIRA; BARBIERI, 2006). 

 

1.3 Vírus transmitidos por carrapatos 

A literatura apresenta relatos de arbovírus transmitidos por carrapatos 

pertencentes às famílias Bunyaviridae (gêneros Bunyavirus, Nairovirus e Phlebovirus), 

Flaviviridae, Asfarviridae, Orthomyxoviridae e Reoviridae (LABUDA; NUTTALL, 

2004). Nas últimas duas décadas, vários vírus transmitidos por carrapatos (TBVs) foram 

descritos em todo o mundo, atraindo cada vez mais a atenção de organizações de saúde 

pública (ZHANG; LI; PANG; WU et al., 2022). De maneira geral, as doenças 

transmitidas por carrapatos não apresentam medidas profiláticas específicas, como uso de 

vacinas, exceto para a Encefalite transmitida por carrapato (Tick-borne encephalitis). 

O vírus da Encefalite transmitida por carrapatos (TBEV), da família Ixodidae, é 

um dos principais patógenos virais transmitidos por carrapatos em humanos, e causa uma 

grave infecção no sistema nervoso central (DAI; SHANG; LU; YANG et al., 2018). Os 

três subtipos de TBEV são membros do gênero Flavivirus, da família Flaviviridae. A 

morbidade e mortalidade de TBEV variam dependendo do subtipo viral, estes são o 

europeu, o siberiano e o extremo oriente (TBEV-Eu, TBEV-Sib e TBEV-FE, 

respectivamente), a infecção por qualquer subtipo é séria, mas a infecção por TBEV-FE 

é a mais grave. As espécies de carrapatos responsáveis pela transmissão também podem 

variar, sendo Ixodes ricinus o principal vetor do subtipo europeu, e Ixodes persulcatus 

para os subtipos siberiano e Extremo Oriente (GRITSUN; LASHKEVICH; GOULD, 

2003). O TBEV é considerado o vírus transmitido por carrapatos de maior importância 

médica na Europa e na Ásia, estima-se que haja pelo menos 10.000 casos clínicos 

anualmente, com provável subnotificação (LIČKOVÁ; FUMAČOVÁ HAVLÍKOVÁ; 

SLÁVIKOVÁ; SLOVÁK et al., 2020). Apesar da disponibilidade de vacinas eficazes 

para a prevenção de doenças, a incidência de TBEV está aumentando, pois, a cobertura 
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vacinal ainda é insuficiente (BOGOVIC; STRLE, 2015; TABA; SCHMUTZHARD; 

FORSBERG; LUTSAR et al., 2017). 

A febre hemorrágica da Crimeia e do Congo (FHCC), é causada por um 

Nairovirus da família Bunyaviridae, transmitido na natureza durante o repasto sanguíneo 

por carrapatos dos gêneros Hyalomma, Rhipicephalus, Boophilus e Amblyomma. O vírus 

FHCC causa graves surtos de febre hemorrágica viral, com uma taxa de letalidade de 10 

– 40%. Os focos principais estão localizados na região do Sudeste Asiático, Oriente 

Médio e na maioria dos países Africanos, na região subsaariana até a África do Sul 

(SHEPHERD; SWANEPOEL; SHEPHERD; LEMAN et al., 1991). 

Aparentemente limitada ao oeste dos Estados Unidos, com maior prevalência 

entre março e setembro, a febre do carrapato de Colorado é causada por um Coltivirus, 

pertencente à família Reoviridae. Caracteriza-se por uma severa infecção viral, similar à 

dengue, transmitida pela picada do carrapato Dermacentor andersoni (EMMONS, 1988).  

O vírus Louping ill (LIV), foi reconhecido em 1931, sua detecção foi restrita quase 

exclusivamente às Ilhas Britânicas, particularmente na Escócia, Cúmbria, País de Gales, 

Devon e Irlanda, embora casos tenham sido relatados na Noruega e na Espanha. É um 

vírus pertencente ao gênero Flavivirus, transmitido por carrapatos Ixodes ricinus. É 

detectado principalmente em ovinos e bovinos. O vírus ainda continua causando doenças 

e mortes em gado em áreas montanhosas da Grã-Bretanha e Irlanda e é conhecido por 

causar doenças em humanos (GREIG; BROWNLEE; WILSON; GORDON, 1931; 

JEFFRIES; MANSFIELD; PHIPPS; WAKELEY et al., 2014). 

O vírus da floresta de Kyasanur (KFDV), é uma febre hemorrágica viral causada 

por um vírus pertencente à família Flaviviridae, transmitida por carrapatos da espécie 

Hemaphysalis spinigerafoi. Encontra-se limitada ao estado de Karnataka, na Índia, 

espalhada em três distritos florestais. Foi descrita em 1957 após um surto grave da doença 

que foi relatado em pessoas que viviam perto da floresta Kyasanur (HOLBROOK, 2012). 

O vírus de Powassan (POWV) é um flavivírus transmitido por carrapatos, 

endêmico nos Estados Unidos, que causa encefalite grave. O POWV foi isolado pela 

primeira vez em 1958 do cérebro de um menino de cinco anos que morreu de encefalite 

em Ontário, Canadá (MCLEAN; DONOHUE, 1959). Duas linhagens genéticas distintas 

de POWV são agora reconhecidas: POWV (linhagem I) que é transmitida por espécies de 

carrapatos Ixodes cookei e Ixodes marxi, e a segunda linhagem denominada vírus do 

carrapato de veado (DTV) (linhagem II), que é transmitida por carrapatos da espécie 

Ixodes scapularis, as duas linhagens só podem ser distinguidas por testes moleculares, 
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como reação em cadeia da polimerase (PCR) e sequenciamento (PIANTADOSI; 

SOLOMON, 2022; RAVAL; SINGHAL; GUERRERO; ALONTO, 2012). Essa 

encefalite é particularmente grave por causar sérios danos neurológicos, e até o momento 

não existe vacina ou medicamento antiviral aprovado, e nos últimos anos foi possível 

notar um aumento significante de casos de pessoas infectadas com o POWV (HASSETT; 

THANGAMANI, 2021; YANG; GAO; LIU, 2022). 

No Brasil, recentemente, dois vírus isolados de carrapatos foram descritos. 

Figueiredo et al. (2017) isolaram o vírus Cacipacoré (CPCV), do gênero Flavivirus e 

família Flaviviridae, de um carrapato do complexo Amblyomma cajennense retirado de 

uma capivara doente no interior do estado de São Paulo (DE FIGUEIREDO; 

AMARILLA; DE SOUZA; FUMAGALLI et al., 2017). Maruyama et al. (2014) e 

Pascoal et al. (2019), isolaram outro vírus, denominado vírus do carrapato Mogiana 

(MGTV), inicialmente considerado um flavivírus altamente divergente, e detectado em 

carrapatos da espécie Rhipicephalus microplus coletados em diferentes regiões do Brasil 

(MARUYAMA; CASTRO-JORGE; RIBEIRO; GARDINASSI et al., 2014; PASCOAL; 

SIQUEIRA; MAIA; JUAN SZABÓ et al., 2019). Um estudo mais detalhado revelou que 

o MGTV é membro de um grupo de vírus denominado Jingmenvirus, que foram descritos 

em 2014, e foram detectados em carrapatos da mesma espécie coletados em Jingmen, na 

China (QIN; SHI; TIAN; LIN et al., 2014; VILLA ERIKA; MARUYAMA SANDRA; 

DE MIRANDA-SANTOS ISABEL; PALACIOS et al., 2017).  

Outro vírus que faz parte do grupo Jingmenvirus, é o vírus do carrapato de 

Jingmen (JMTV), é um patógeno humano emergente descrito pela primeira vez em 

carrapatos da espécie Rhipicephalus microplus na cidade de Jingmen, na China em 2010. 

 

1.4 Metagenômica 

O desenvolvimento da técnica de Sequenciamento de Nova Geração (NGS) 

permitiu a realização de sequenciamentos em larga escala com custo mais acessível e com 

maior rapidez (REUTER; SPACEK; SNYDER, 2015). Também permitiu a realização de 

estudos metagenômicos, onde não há a necessidade de estabelecer um alvo específico, o 

que permite a identificação de microrganismos desconhecidos (QUINCE; WALKER; 

SIMPSON; LOMAN et al., 2017). Esta estratégia é especialmente importante para a 

descrição de novos vírus, dado que estes apresentam enorme diversidade, sem um gene 

homólogo entre todas as espécies que possa ser usado como alvo (DELWART, 2007; 

EDWARDS; ROHWER, 2005). Assim, esta técnica permitiu um enorme avanço para a 
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descoberta de novas famílias e espécies de vírus (GELDENHUYS; MORTLOCK; 

WEYER; BEZUIDT et al., 2018; KRISTENSEN; MUSHEGIAN; DOLJA; KOONIN, 

2010; ROSARIO; BREITBART, 2011; SIMMONDS; ADAMS; BENKŐ; BREITBART  

et al., 2017; WOLF; SILAS; WANG; WU et al., 2020). 

Estudos metagenômicos em carrapatos vêm trazendo grande compreensão sobre 

a diversidade viral nestes ectoparasitas. Estudos realizados na China, Moçambique, 

Estados Unidos, Palestina e Tailândia utilizando esta abordagem, descreveram desde 

novas variantes de vírus conhecidos até vírus nunca antes descritos (BOUQUET; 

MELGAR; SWEI; DELWART et al., 2017; CHOLLETI; HAYER; MULANDANE; 

FALK et al., 2018; DAMIAN; MAGHEMBE; DAMAS; WENSMAN et al., 2020; 

RAVI; EREQAT; AL-JAWABREH; ABDEEN et al., 2019; TEMMAM; CHRÉTIEN; 

BIGOT; DUFOUR et al., 2019; ZHAO; GONG; SHEN; ZHANG et al., 2020a).  

No Brasil, dois estudos realizaram este tipo de análise. Um analisou carrapatos do 

gênero Antricola de morcegos na região Amazônica, no estado de Rondônia, e foi capaz 

de identificar vírus das famílias Nairoviridae, Orthomyxoviridae, Iflaviridae, 

Dicistroviridae, Polycipiviridae e Reoviridae (BLOMSTRÖM; LUZ; ÖHLUND; 

LUKENGE et al., 2020). Os autores também identificaram sequências virais com pouca 

similaridade com vírus conhecidos indicando serem vírus ainda não classificados. O outro 

foi realizado em carrapatos Rhipicephalus microplus de gado na região Sul do país e 

revelou a circulação de vírus que não tinham sido descritos previamente na região, além 

disso, o estudo também descreveu três novos vírus da ordem Tymovirales. (SOUZA; 

FUMAGALLI; TORRES CARRASCO; ROMEIRO et al., 2018).  

Os resultados obtidos por estes estudos demonstram a importância deste tipo de 

análise para compreender os vírus circulantes nos carrapatos, e desta forma, identificar 

potenciais vírus zoonóticos que possam causar impacto na saúde humana e animal. Ainda, 

para auxiliar na identificação de possíveis zoonoses emergentes, é importante também 

que sejam realizados estudos em diferentes espécies de carrapatos provenientes de 

hospedeiros silvestres variados 

  

2. OBJETIVOS 

2.1 Objetivo geral: 

Este trabalho teve como objetivo a investigação de ácidos nucleicos virais em 

amostras de carrapatos provenientes de animais silvestres por uma abordagem 

metagenômica. 
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2.2 Objetivos específicos: 

- Identificar morfologicamente e molecularmente os carrapatos coletados;  

- Identificar os vírus de RNA circulantes nos carrapatos coletados de animais 

silvestres; 

- Caracterizar e descrever os genomas virais encontrados; 

- Realizar análises filogenéticas dos genomas virais identificados; 

- Análise das estruturas tridimensionais das proteínas. 
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Abstract 

Ticks are obligate blood-sucking arthropods, capable of transmitting a wide variety of 

pathogens, and are among the most important disease vectors, affecting wild and domestic 

animals as well as humans, representing a serious risk to public health. Despite the 

growing concern about arboviruses, those transmitted by ticks are still the least studied. 

Most tick-borne viruses have RNA genomes that are prone to accumulating mutations, 

resulting in high variability. These genomic alterations can influence the spread of viruses 

to new habitats and hosts and lead to the emergence of new viruses that may pose a threat 

to public health. In this work, we seek to investigate the diversity of viruses that are 

circulating in ticks collected from free-living animals in the countryside of the state of 

São Paulo, Brazil, using a metagenomic approach. Two hundred and seventy-three ticks 

were collected, morphologically identified, and separated into 71 pools. The RNA was 

extracted, and the identification of the species confirmed, by molecular analysis through 

the mitochondrial gene, more specifically, subunit I of cytochrome c oxidase (COI). Then, 

genomic libraries were prepared for next-generation sequencing (NGS) using the MiSeq 

platform (Illumina). The analyzes showed important molecular evidence of a potential  

new virus belonging to the Jingmenvirus group in ticks collected from wild animals. Here 

we report the identification of a potentially novel Jinmenvirus (JMTV) virus in ticks from 

wild animal in southeastern Brazil. This study contributes to the epidemiological 

surveillance of the region and helps to understand the potential risks of the emergence of 

zoonoses, which can impact human health, in addition to the potential impacts on the 

region's fauna. In summary, further analyzes are needed to better characterize the genomic 

structure, phylogenetic relationships, a potential vertebrate host, and the epidemiological 

characteristics of this potentially new JMTV in the wild. 

 

Keywords: Wild animals, virus, ticks, metagenomics, Jingmenvirus. 
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1. Introduction  

Ticks are obligate ectoparasites with a hematophagous habit, which makes them 

vectors of various infectious agents for domestic and wild animals, and also for humans, 

who end up being accidental hosts [1, 2]. Tick-transmitted pathogens to humans are of 

zoonotic origin, with pathogens maintained in natural cycles involving both domestic and 

free-living animal hosts [3]. Tick-borne infections account for a large proportion of 

vector-borne diseases in many developed and underdeveloped countries and have 

significant health consequences [4]. 

The Jingmenvirus group comprises positive-sense single-stranded RNA viruses 

with segmented genomes, currently comprising Jingmen tick virus, Mogiana tick virus, 

Alongshan virus and Guaico culex vírus [5, 6]. Jingmen tick virus was first identified in 

Rhipicephalus microplus ticks collected in Jingmen City, China, in 2010 [7]. The viral 

genome comprises four separate segments, named S1, S2, S3 and S4. The S1 and S3 

segments of the genome encode the non-structural proteins, NSP1 and NSP2, 

respectively, which are genetically and functionally related to the flavivirus NS3 and NS5 

proteins. Although segments S1 and S3 are closely related to flaviviruses non-structural 

protein genes, the remaining two segments (S2 and S4) are unique to this virus and have 

no known homologs, and likely originated from uncharacterized ancestral viruses [7, 8]. 

Next-generation sequencing (NGS) allows rapid, high-throughput identification 

of DNA or RNA libraries from different sources. This technology has been widely used 

in studies aimed at tracking new viromas. Recently, many works have identified new viral 

pathogens or potential emerging viruses in several important vectors, such as rodents, 

bats, mosquitoes, and ticks through NGS [9-12]. In recent years, metagenomic studies in 

ticks have brought great understanding about viral diversity in these ectoparasites, and 

NGS represents a powerful technique to better understand tick-borne diseases [13].  

In Brazil, a metagenomic approach to investigate viruses in ticks was used in only 

two recent studies, focusing on bats and cattle [14, 15]. With this, this study sought to 

investigate the virome of ticks collected from wild animals using a metagenomic 

approach, in order to understand the viral diversity present in ticks that parasitize these 

animals and help in the control of viruses with potential risk of emergence, thus 

contributing to the epidemiological surveillance in the region. 
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2. Materials and Methods 

2.1 Place of Study 

The Municipal Zoo of the city of São José do Rio Preto - SP has about 300 animals 

residing on site. The site is a reference in emergency care and treatment of wild animals 

in the region of São José do Rio Preto, and neighboring municipalities in the Northwest 

Region of the State of São Paulo. The animals are sent to the zoo through the 

Environmental Police, and notifications to this body are made by civilians who saw these 

animals injured, run over, victims of fires, orphaned puppies, and were rescued and sent 

to the zoo to be treated. In addition to caring for the health and well-being of the animals 

residing at the Municipal Zoo, employees receive and care for numerous species of fauna 

in the state of São Paulo, including endangered species, thus contributing to the 

conservation of the region's faunal biodiversity. 

  

2.2 Sample Collection 

Tick samples were collected between August 2018 and December 2021 from wild 

animals sent to the Municipal Zoo of São José do Rio Preto - SP and were collected by 

the veterinarians who cared for those animals. The collected ticks were preliminarily 

identified through morphological characters. The identified ticks were stored in pools, 

according to the animal from which they were collected and, according to the identified 

tick species, in cryogenic tubes and stored at -150°C for further processing. 

 

2.3 Sample Preparation  

Before being macerated, the ticks were washed three times with PBS (Phosphate-

buffered saline) to remove surface dirt. Then, they were macerated with the aid of a pestle, 

inside a 1500 μL microtube, partially on ice, containing TE (10 mM Tris-HCl, 1mM 

EDTA, pH 7.4) and Proteinase K (20 units/mg) and centrifuged at 12,000 x g for 10 min 

at 4°C, the supernatant was collected for further RNA extraction. RNA extraction from 

the samples was performed using the Direct-zol RNA MiniPrep kit (Zymo Research, 

USA) according to the manufacturer's instructions.  

Next, ticks were molecularly identified through PCR, and Sanger sequencing, 

based on a 710pb fragment of a region of the mitochondrial gene cytochrome c oxidase 

subunit I (COI) [16]. Initially, the extracted RNA was converted into cDNA using High 

Capacity cDNA Reverse Transcription Kit (Applied Biosystems, USA), according to the 

manufacturer's instructions. The PCR reaction was performed with the Taq DNA 
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Polymerase Recombinant PCR kit (Invitrogen, USA) with a final volume of 25μl, and the 

primers used in the reaction were LCO1490 "GGTCAACAAATCATAAAGATATTGG" 

and HCO2198 "TAAACTTCAGGGTGACCAAAAAATCA" [16]. Amplification was 

performed at 94°C for 3 minutes for initial denaturation to occur, then for 40 cycles at 

94°C for 45 seconds (denaturation), 46°C for 30 seconds (annealing), and 72°C for 1 

minute and 10 seconds (extension), followed by the final extension step at 72°C for 10 

minutes. PCR products were analyzed on a 1% agarose gel stained with ethidium 

bromide. Sequencing for specimen identification was performed using the Sanger 

technique, with the same primers used for the PCR reaction. Readings were performed in 

an ABI 3130 XL genetic analyzer. (Applied Biosystems, USA). The sequences were 

submitted to the Barcode of Life Data Systems (BOLD Systems) (www.boldsystems.org) 

online platform, which allows species identification based on the genomic region of 

interest. 

 

2.4 Preparation of Genomic Libraries and Next Generation Sequencing (NGS) 

Preparation of genomic RNA sequencing libraries and ribosomal RNA depletion 

were performed using the Zymo-Seq RiboFree Total RNA Library Kit (Zymo Research, 

USA). For next-generation sequencing, four RNA libraries were constructed and 

sequenced. Libraries were prepared using 35 samples from previously extracted RNA 

pools. From the 71 pools (Table S1), at least one pool of each tick species per host was 

selected. 

  Validation of libraries was performed by quantification with Qubit dsDNA HS 

Assay (Invitrogen, USA), and library size was evaluated using High Sensitivity D5000 

ScreenTape (Agilent Technologies Inc, USA). Sequencing was performed using the 

MiSeq platform (Illumina Inc, USA) with 600-cycle V3 cartridges (2x300 cycles). 

 

2.5 Data Analysis and Phylogeny 

Raw data were demultiplexed and extracted in fastq format. The reads were treated 

to remove adapters and library indexes, trimming and filtering were performed using the 

Genious Prime 2023.0.2 software (https://www.geneious.com). The reads were analyzed 

in RiboDetector software to detect and remove ribosomal RNA sequences [53]. The 

treated reads were aligned and the contigs were de novo assembled in the SPAdes 3.15.4 

software [17]. The taxonomic classification of the generated contigs was acquired by 

www.boldsystems.org
https://www.geneious.com/
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Kaiju 1.9.0 [18] (https://kaiju.binf.ku.dk/) using complete genome sets available at NCBI 

(https://www.ncbi.nlm.nih.gov/).  

The datasets for the phylogenetic and distance analysis were assembled using 

sequences deposited in GenBank from viral species that display higher similarity based 

on a BlastX (https://blast.ncbi.nlm.nih.gov/Blast.cgi) search for all four segments 

JMTV_Like_Brazil. Sequences were aligned using MAFFT 7 available at 

https://mafft.cbrc.jp/alignment/ servidor/ and the Maximum likelihood phylogenetic trees 

were built using PhyML 3 [19] available at the ATGC Montpellier bioinformatics 

platform (http://www.atgc-montpellier.fr). The substitution model was selected by SMS 

[20] and branch support by aLRT [21]. The phylogenetic trees were edited using the 

software FigTree v.1.4.4 [22]. 

The genetic distance was calculated by p-distance using MegaX [23]. The analysis 

was based only on the coding region from each fragment. 

 

2.6 Prediction and analyzes of Three-dimensional (3D) protein structures 

Nucleotide sequences that were similar to flavivirus sequences were translated 

into amino acids, and AlphaFold [24] was used to predict the three-dimensional structures 

of four segments. A BLAST search against the PDB (https://www.rcsb.org/) was carried 

out for comparative analysis between structures with a higher degree of identity. The 

visualization of the superimposition of protein structures and the generation of figures 

was done using Pymol [25]. 

 

3. Results 

3.1 Tick Collection and Identification 

In total, 273 ticks were collected from 27 host, which were initially 

morphologically identified and separated into 71 pools according to the tick species and 

according to their respective host. With the aid of an identification key and based on 

morphological characters, the following tick species were identified: Riphicephalus 

microplus, Riphicephalus sanguineus, Amblyomma nodosum and Amblyomma sculptum. 

However, after more precise molecular identification the tick species identified in this 

study were Amblyomma sculptum, being the most prevalent species (68.13%, 186/273), 

Amblyomma nodosum (27.47%, 75/273) and Riphicephalus microplus (4.40%, 12/ 273). 

Information on rescue location, host species, number of pools, number of ticks per pool 

and tick species are described in Table S1 of the supplementary material. 

https://kaiju.binf.ku.dk/
https://www.ncbi.nlm.nih.gov/
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://mafft.cbrc.jp/alignment/%20servidor/
http://www.atgc-montpellier.fr/
https://www.rcsb.org/


41 
 

 

3.2 Analysis of Metagenomic Data 

 Illumina sequencing generated a total of 56177760 reads (Table 1). The 35 RNA 

samples were divided into four libraries (Table 2). Genomic sequences from ticks were 

removed and, after de novo assembly, a total of 7909059 contigs were classified using 

the complete genome database by Kaiju, which generated the Krona plots. 

 

Table 1: Description of data obtained from each library in next-generation sequencing. 

Id 

Library 

Total 

Reads 

Total 

Contigs 
Classified Contigs 

Number of 

Identified Taxons 

Contigs Cell 

Organisms 

Contigs 

Virais 

1 18166440 2474903 1287425 (52,02%) 2484 1286688 (99,95%) 650 (0,05%) 

2 21267342 2976635 2246260 (75,46%) 1845 2245723 (99,98%) 468 (0,02%) 

3 13630694 2429348 2117268 (87,15%) 1594 2116991 (99,99%) 219 (0,01%) 

4 3113284 28173 2392 (8,49%) 907 2352 (98,53%) 35 (1,47%) 

TOTAL 56177760 7909059 5653345 6830 5651754 1372 
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Table 2: Description of the samples that made up the four libraries, host and code of the 

respective RNA pool, tick species and number of ticks per pool. 

Library Host (Sample code) Species of Ticks (n) 

1 Chrysocyon brachyurus (B11 I) Amblyomma sculptum (2) 
Lycalopex vetulus (B13 I) Amblyomma sculptum (12) 

Mazama gouazoubira (B14 I) Amblyomma sculptum (8) 
Mazama gouazoubira (B20 I) Rhipicephalus microplus (6) 

Hydrochoerus hydrochaeris (B21 I) Amblyomma nodosum (6) 

Hydrochoerus hydrochaeris (B24 V) Amblyomma nodosum (2) 
Myrmecophaga tridactyla (B28 I) Amblyomma sculptum (4) 

Hydrochoerus hydrochaeris (B29 II) Amblyomma nodosum (1) 

Myrmecophaga tridactyla (B30 III) Amblyomma sculptum (12) 
Myrmecophaga tridactyla (B31 II) Amblyomma sculptum (1) 

 
2  Tamandua tetradactyla (B32 I) Amblyomma sculptum (7) 

Hydrochoerus hydrochaeris (B33 IV) Amblyomma sculptum (2) 
Hydrochoerus hydrochaeris (B33 V) Amblyomma nodosum (2) 
Hydrochoerus hydrochaeris (B50 IV) Amblyomma nodosum (2) 

 Hydrochoerus hydrochaeris (B50 V) Amblyomma sculptum (5) 
Myrmecophaga tridactyla (B61 I) Amblyomma sculptum (1) 

Hydrochoerus hydrochaeris (B71 III) Amblyomma nodosum (2) 

Myrmecophaga tridactyla (B74 II) Amblyomma sculptum (1) 
Hydrochoerus hydrochaeris (B86 I) Amblyomma nodosum (3) 
Myrmecophaga tridactyla (B97 I) Amblyomma nodosum (4) 

 
3 Myrmecophaga tridactyla (B97 IV) Amblyomma sculptum (2) 

Myrmecophaga tridactyla (B26 I) Amblyomma sculptum (7) 

Hydrochoerus hydrochaeris (B29 I) Amblyomma sculptum (3) 
Myrmecophaga tridactyla (B41 I) Amblyomma sculptum (5) 

Chrysocyon brachyurus (B56 I) Amblyomma sculptum (1) 
Myrmecophaga tridactyla (B61 II) Amblyomma nodosum (1) 

Tapirus terrestris (B84 I) Amblyomma sculptum (2) 
Myrmecophaga tridactyla (B99 I) Amblyomma sculptum (3) 

Mazama gouazoubira (B15 I) Amblyomma sculptum (4) 

Myrmecophaga tridactyla (B30 I)  Amblyomma nodosum (2) 
 

4 Myrmecophaga tridactyla (B31 I) Amblyomma sculptum (2) 

Myrmecophaga tridactyla (B79 I) Amblyomma sculptum (2) 

Myrmecophaga tridactyla (B79 II) Amblyomma nodosum (1) 

Callithrix penicillata (B80 I) Amblyomma sculptum (1) 

Cerdocyon thous (B100 I) Amblyomma sculptum (3) 

 

 The vast majority of contigs, around 5651754, were classified as cellular 

organisms like bacteria and fungi, resulting in 1372 viral contigs. Of all the viral 

sequences, the one that stood out the most was the presence of the Jingmen tick virus 

(JMTV) genome that appeared in greater scope in library 4 (Fig. 1), which was composed 

of ticks of the Amblyomma sculptum and Amblyomma nodosum species. The ticks used 

in the preparation of library 4 belonged to the hosts Myrmecophaga tridactyla, Cerdocyon 

thous and Callithrix penicillate.  
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Figure 1: Krona graph showing the identified viral genomes and their respective 

percentages. Highlighted in yellow is the Jingmen tick virus (JMTV), which appears in 

greater coverage (29%). 

 

3.3 Genome Organization 

The JMTV_Like_Brazil genome described in this work comprises four separate 

segments of positive-sense linear single-stranded RNA, which are referred to as segments 

S1, S2, S3 and S4, respectively. Segments S1 and S3 encode non-structural proteins 

(NSP1 and NSP2), which are related to the non-structural protein genes NS5 and NS3 of 

Flavivirus, members of the Flaviviridae family. The two remaining segments, S2 and S4, 

encode structural proteins (VP1, VP2 and VP3), envelope, capsid, and membrane 

proteins, respectively (Fig. 2). 
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The total genome length of JMTV is approximately 11,401 nucleotides, similar to 

Flavivirus [7]. In this work, we obtained a genome of 11,842 nucleotides corresponding 

to segments S1 (3.093 bp), S2 (3.008 bp), S3 (2.968 bp) and S4 (2.773 bp). 

Segment 1 contains nucleotides encoding the non-structural protein NSP1, similar 

to flavivirus NS5 proteins, and was characterized by the conserved RNA-dependent RNA 

polymerase (RdRp) and methyltransferase motifs that are typical of flavivirus. Segment 

3 contains nucleotides that encode the non-structural protein NSP2, which also resembles 

the flavivirus NS2b-NS3 complex. 

 

Figure 2: Genome organization of JMTV_Like_Brazil. Segment 1 (JMTV_Like_Seg01) 

shows the NSP1 non-structural protein. Segment 2 (JMTV_Like_Seg02) shows the VP1 

envelope structural protein. Segment 3 (JMTV_Like_Seg03) shows the NSP2 non-

structural protein. Segment 4 (JMTV_Like_Seg04) shows the capsid VP2 and membrane 

VP3 structural proteins. 

 

3.4 Phylogenetic Analysis 

The phylogenetic trees for all four segments were built under the GTR+R model, 

according to SMS selection, based on the nucleotide sequences of the four segments 

obtained in this study and together with the sequences of the Jingmenvirus group 

previously described. 

As shown in Fig. 3, Fig. 4, Fig. 5 and Fig. 6 for a better analysis of these newly 

identified JMTVs in this study, phylogenetic trees were constructed using a neighbor join 

approach based on complete sequences of the four segments. The sequences identified in 

this study formed a well-supported sub-lineage and distinct from the clade comprising 

previously reported JMTVs.  
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Figure 3: Maximum likelihood phylogenetic tree reconstructed under the GTR+R based 

on a dataset of 148 nucleotide sequences of segment 1 from virus related to the 

Jingmenvirus group. Branch support determined by aLRT. 
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Figure 4: Maximum likelihood phylogenetic tree reconstructed under the GTR+R based 

on a dataset of 181 nucleotide sequences of segment 2 from virus related to the 

Jingmenvirus group. Branch support determined by aLRT. 
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Figure 5: Maximum likelihood phylogenetic tree reconstructed under the GTR+R based 

on a dataset of 116 nucleotide sequences of segment 3 from virus related to the 

Jingmenvirus group. Branch support determined by aLRT. 
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Figure 6: Maximum likelihood phylogenetic tree reconstructed under the GTR+R based 

on a dataset of 170 nucleotide sequences of segment 4 from virus related to the 

Jingmenvirus group. Branch support determined by aLRT. 
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 The genetic distance between the closest virus for each fragment is described in 

Table 3. The Jingmen tick virus, belonging to the Jingmenvirus group, is the closest 

representative of JMTV_Like_Brazil identified in this study. Distances between all 

representatives used in the analyses, for all segments, are available in the supplementary 

material. 

 

Table 3: Description of the distance between the virus closest to JMTV_Like_Brazil, for 

each segment. 

 Access Number Nearest Virus and country p-distance 

Segment 1 OP616978.1 Jingmen_tick_virus_China 0.2491803279 
Segment 2 OP616987.1 Jingmen_tick_virus_China 0.2918133803 
Segment 3 MK721571.1 Jingmen_tick_virus_China 0.2509270705 
Segment 4 LC628151.1 Jingmen_tick_virus_Japan 0.2968460111 

 

3.5 Analysis of Three-dimensional Structures  

The generated structures were compared with the most similar structures obtained 

by searching the PDB database. The amino acid sequence of segment 1 indicated the 

greatest identities with protein structures of NS5 of the Dengue virus (PDB ID: 5CCV), 

Yellow Fever Virus (PDB ID: 6QSN), Japanese encephalitis virus (PDB ID: 4K6M), Zika 

virus (PDB ID: 5TMH), Bovine viral diarrhea virus (PDB ID: 1S4F) and Kunijin vírus 

(PDB ID: 2HCN) (Fig. 7). 

The search using amino acid sequence of the segment 3 indicated the greatest 

identities with protein structures of NS3 of Alongshan virus (PDB ID: 6M40), Tick-borne 

encephalitis vírus (PDB ID: 7JNO), Kyasanur Forest disease virus  (PDB ID: 7V4Q),  

Zika virus (PDB ID: 5GJB), Kunjin virus  (PDB ID: 2QEQ), Ilheus virus (PDB ID: 

7WD4), Kokobera virus (PDB ID: 2V6J), Bovine viral diarrhea virus (PDB ID: 5GVU) 

and  Classical swine fever virus (PDB ID: 4CBL). 

BLAST search using amino acid sequence of the segment 2 and 4 did not find 

similar protein structures 
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Figure 7: Above, ribbon representation of the superposition of the model structure of the 

segment 1 in green with three-dimensional crystal structures of NS5 of the Dengue virus 

(PDB ID: 5CCV) in cyano, Yellow Fever Virus (PDB ID: 6QSN) in pink, Japanese 

encephalitis virus (PDB ID: 4K6M) in yellow, Zika virus (PDB ID: 5TMH) in salmon, 

Bovine viral diarrhea virus (PDB ID: 1S4F) in light gray and Kunijin virus (PDB ID: 

2HCN) in blue. The methyltransferase (MTase) domain on the left side and RNA-

dependent RNA polymerase (RdRP) domain on the right side. Below, detail of a handle 

(in green) exclusive to the three-dimensional structure corresponding to segment 1, 

showing residue 564 (Threonine in segment 1) represented in sticks in which glutamic 

acid is fully conserved among flaviviruses.  
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The three-dimensional structure of segment 1 was thoroughly analyzed and 

compared with structures with high identity present in the PDB database. This structure 

has an exclusive feature, which is a loop formed by residues 279 to 299 and this region 

sterically blocks access to a helix that belongs to a part of motif A of NS5 flaviviruses  

(Fig. 8). This helix has LLxxE residues, differently of DLxxE, which is fully conserved 

among flavivirus structures. 

Figure 8. Ribbon representation of the superposition of the model structure of the 

segment 1 in green with three-dimensional crystal structures of NS5 of the Dengue virus 

(PDB ID: 5CCV) in yellow. For didactic reasons, the exclusive loop of the structure 

referring to segment 1 is in pink, showing the steric blocking of the helix represented in 

blue. All other deposited flavivirus structures lack this loop and the corresponding amino 

acid sequence is represented in red. 

The comparative analysis of the three-dimensional structure referring to segment 

3 did not show major differences in relation to other sequences already deposited in the 

PDB (Fig. 9). 
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Figure 9: Ribbon representation of the superposition of the model structure of the 

segment 3 in green with three-dimensional crystal structures of  sequence of the of NS3 

of  Alongshan virus (PDB ID: 6M40) in light blue,  Tick-borne encephalitis virus  (PDB 

ID: 7JNO) in pink, Kyasanur Forest disease virus  (PDB ID: 7V4Q) in yellow,  Zika virus 

(PDB ID: 5GJB) in salmon, Kunjin virus  (PDB ID: 2QEQ) in orange, Ilheus virus (PDB 

ID: 7WD4) in light purple, Kokobera virus (PDB ID: 2V6J) in orange, Bovine viral 

diarrhea virus (PDB ID: 5GVU) in light green  and  Classical swine fever virus (PDB ID: 

4CBL) in dark green. 

 

4. Discussion 

With advances in high-throughput sequencing and viral metagenomics, many new 

viruses have been discovered in recent decades, and the focus on metagenomic studies in 

ticks has increasingly allowed understanding of viral diversity in these ectoparasites. [14, 

15, 26-31].  
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Jingmen tick virus (JMTV), is a tick-borne, segmented RNA virus, which was 

initially considered a Flavivirus. In addition, many viruses with genomes similar to JMTV 

are being classified as the Jingmenvirus group. In addition to ticks and mosquitoes, JMTV 

has been identified in cattle, rodents and primates that have been successively found and 

confirmed in several countries in recent years, such as China, Laos PDR, Japan, Turkey, 

Italy, Kosovo, Romania, Russia, Brazil, Trinidad and Tobago, French Antilles, Colombia, 

Uganda, Guinea, Kenya [7, 8, 15, 32-36]. There are also reports of JMTV sequences 

identified in humans with symptoms of hemorrhagic fever in Kosovo [34]. Recently, a 

human febrile illness, similar to JMTV and which was then called Alongshan virus 

(ALSV), was also described in China [37, 38]. 

In Brazil, two viruses isolated from ticks have already been described. Figueiredo 

et al. (2017) isolated the Cacipacoré virus (CPCV), belonging to the genus Flavivirus and 

family Flaviviridae, from a tick of the Amblyomma cajennense complex removed from a 

capybara in the interior of the state of São Paulo [39]. Maruyama et al. (2014) and Pascoal 

et al. (2019), isolated another virus, called Mogiana tick virus (MGTV), initially 

considered a highly divergent flavivirus, and detected in ticks of the species 

Rhipicephalus microplus collected in different regions of Brazil, a more detailed study 

revealed that MGTV is a member of a group of viruses called Jingmenvirus [7, 33, 40, 

41]. 

These findings show that there is a large class of viruses with similar genomic 

structure in nature. Jingmenviruses are considered a large group of segmented RNA 

viruses, composed of four segments that are phylogenetically linked to non-segmented 

viral ancestors. Based on data from phylogenetic analyzes and genetic distance analysis, 

we suggest that the virus identified in this study is a new virus belonging to the 

Jingmenvirus group. 

The S1 and S3 segments of the genome encode non-structural proteins, which are 

genetically and functionally related to Flavivirus NS3 and NS5 proteins [7]. The 

remaining segments encoding the structural proteins are unique and likely originated from 

uncharacterized ancestral viruses [42]. The newly identified virus in this study, which we 

named JMTV_Like_Brazil, was shown to have a positive-sense single-stranded RNA 

genome and is also composed of four segments, which were named S1, S2, S3 and S4, 

according to the description of the genome of the Jingmen tick virus (JMTV).  

RNA-dependent RNA polymerase (RdRp) is one of the most versatile RNA virus 

enzymes that is essential for genome replication and transcription. Despite the differences 
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in their sequences, the fundamental structural characteristics of RdRps are conserved. The 

structure generated by alphafold allowed for a detailed comparative analysis with NS5 

structures deposited in the PDB, with a certain degree of identity. The greatest differential 

found in the target structure was a loop that corresponds to the GTR region in fully 

conserved in flavivirus NS5 structures. The conserved GTR amino acids located at the 

carboxy terminus of the MTase play a significant role in maintaining the stability of this 

overall structure, as they are involved in a complex network of hydrogen bonds that span 

across both sides of the interface [43] and in this way, these differences can result in 

alterations in the biological functions of this molecule during the execution of polymerase 

or transferase tasks. 

So far, the tick species in which JMTV is being most commonly detected is the 

tick Rhipicephalus microplus, this species is a parasite that preferentially parasites cattle, 

and has a worldwide geographic distribution, with a prominent importance in Latin 

American and African countries [44]. There are reports in the literature that JMTV was 

found in high prevalence in Rhipicephalus microplus from China, Brazil, Trinidad and 

Tobago and French Antilles over these years [7, 15, 35, 40, 41, 45-49]. However, in this 

study, the JMTV_Like_Brazil sequences were obtained from library 4, which was 

composed of ticks of the species Amblyomma sculptum and Amblyomma nodosum. JMTV 

sequences were also detected in ticks of the genera Amblyomma, Dermacentor, 

Haemaphysalis, Hyalomma and Ixodes [7, 11, 15, 35-37, 40, 41, 46, 48-51], as well as 

two species of mosquitoes [7, 52]. 

With the increasing number of members of the Jingmenvirus group being 

identified, this group of viruses is gaining prominence in current research, however, large-

scale surveillance is needed to fully understand the circulation and transmission of JMTV 

between arthropods and vertebrate hosts. 

 

5. Conclusion 

 In this study, we aimed to investigate the virome present in samples of ticks 

collected from wild animals. Molecular analyzes revealed the RNA of a potential new 

virus belonging to the Jingmenvirus group. So far, there are no reports in the literature of 

the occurrence of this virus in ticks in the region studied, mainly with a focus on free-

living animals. This study also shows the importance of investigating viruses that 

circulate in ticks, in order to understand potential zoonotic viruses that may also impact 

human health and contribute to epidemiological surveillance in the region. 
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7. Supplementary materials 

 

Table S2: The table presents the identified tick species, their respective hosts, number of 

ticks collected and their distribution in the pools. 
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Sample 
code 

Rescue City Host pools Number of ticks 
per pool 

Species of ticks 

B11 Bady Bassitt - SP Chrysocyon brachyurus I 2 A. sculptum 

B13 São José do Rio Preto - SP Lycalopex vetulus I 12 A. sculptum 

B14 Votuporanga - SP Mazama gouazoubira I 8 A. sculptum 

 II 6 A. sculptum 

B15 Fernandópolis - SP Mazama gouazoubira I 4 A. sculptum 

B20 Cedral - SP Mazama gouazoubira I 6 R. microplus 

 II 6 R. microplus 

B21 Guapiaçu - SP Hydrochoerus hydrochaeris  I 6 A. nodosum 

 II 3 A. nodosum 

 III 1 A. nodosum 

 IV 1 A. nodosum 

B24 Ipiguá - SP Hydrochoerus hydrochaeris  I 2 A. nodosum 

 II 2 A. nodosum 

 III 2 A. nodosum 

 IV 2 A. nodosum 

 V 2 A. nodosum 

 VI 2 A. nodosum 

 VII 2 A. nodosum 

 VIII 2 A. nodosum 

 IX 2 A. nodosum 

B26 São José do Rio Preto - SP Myrmecophaga tridactyla I 7 A. sculptum 

B28 Novo Horizonte - SP Myrmecophaga tridactyla I 4 A. sculptum 

B29 São José do Rio Preto - SP Hydrochoerus hydrochaeris I 3 A. sculptum 

 II 1 A. nodosum 

B30 Mirassol - SP Myrmecophaga tridactyla I 2 A. nodosum 

 II 3 A. sculptum 

 III 12 A. sculptum 

B31 Votuporanga - SP Myrmecophaga tridactyla I 2 A. nodosum 

 II 1 A. sculptum 

B32 Mirassol - SP Tamanduá tetradoctyla I 7 A. sculptum 

 II 7 A. sculptum 

B33 São José do Rio Preto - SP Hydrochoerus hydrochaeris I 2 A. nodosum 

 II 2 A. nodosum 

 III 2 A. nodosum 

 IV 2 A. sculptum 

 V 2 A. nodosum 

 VI 2 A. sculptum 

 VII 2 A. sculptum 

 VIII 2 A. sculptum 

B41 Tanabi - SP Myrmecophaga tridactyla I 5 A. sculptum 

B50 São José do Rio Preto - SP Hydrochoerus hydrochaeris I 3 A. nodosum 

 II 8 A. sculptum 

 III 2 A. nodosum 

 IV 2 A. nodosum 

 V 5 A. sculptum 

B56 Tanabi - SP Chrysocyon brachyurus I 1 A. sculptum 
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B61 Monte Aprazível - SP Myrmecophaga tridactyla I 1 A. sculptum 

 II 1 A. nodosum 

B71 São José do Rio Preto - SP Hydrochoerus hydrochaeris  I 4 A. nodosum 

 II 4 A. nodosum 

 III 2 A. nodosum 

 IV 2 A. nodosum 

 V 5 A. nodosum 

B74 Novo Horizonte - SP Myrmecophaga tridactyla I 2 A. sculptum 

 II 1 A. sculptum 

 III 1 A. sculptum 

 IV 6 A. sculptum 

 V 16 A. sculptum 

 VI 35 A. sculptum 

B79 São José do Rio Preto - SP Myrmecophaga tridactyla I 2 A. sculptum 

 II 1 A. nodosum 

B80 São José do Rio Preto - SP Callithrix penicillata I 1 A. sculptum 

B84 Irapuã - SP Tapirus terrestres I 2 A. sculptum 

 II 2 A. sculptum 

B86 São José do Rio Preto - SP Hydrochoerus hydrochaeris I 3 A. nodosum 

B97 São José do Rio Preto - SP Myrmecophaga tridactyla I 4 A. nodosum 

 II 2 A. sculptum 

 III 4 A. sculptum 

 IV 2 A. sculptum 

B99 São José do Rio Preto - SP Myrmecophaga tridactyla I 3 A. sculptum 

B100 Novo Horizonte - SP Cerdocyon thous I 3 A. sculptum 



62 
 

 

Fig S1: Krona graph showing the identified viral genomes and their respective 

percentages in library 1. 
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Fig S2: Krona graph showing the identified viral genomes and their respective 

percentages in library 2. 
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Fig S3: Krona graph showing the identified viral genomes and their respective 

percentages in library 3. 
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1. CONCLUSÃO 

A realização do presente trabalho foi importante para investigar a circulação de vírus, 

com potenciais riscos de emergência, que estejam circulando em carrapatos que parasitam 

animais silvestres na região de São José do Rio Preto – SP, contribuindo com a vigilância 

epidemiológica na região.  

A identificação correta dos espécimes de carrapatos por meio do gene 

mitocondrial, se mostrou mais confiável do que a identificação baseada apenas em 

caracteres morfológicos.  

As análises moleculares e filogenéticas revelaram um potencial novo vírus 

pertencente ao grupo Jingmenvirus. 

JMTV_Like_Brazil descrito neste trabalho apresentou um genoma composto por 

quatro segmentos, os quais codificam proteínas não estruturais nos segmentos 1 e 3 

(NSP1 e NSP2) e proteínas estruturais nos segmentos 2 e 4 (VP1, VP2 e VP3). 

As análises das proteínas virais revelaram um loop exclusivo no segmento 1, que 

difere da região conservada da NS5 dos flavivirus. 

Até o momento não há relatos na literatura da ocorrência desse vírus em carrapatos 

na região estudada, principalmente com foco em animais de vida livre, portanto, é 

necessária uma vigilância em larga escala para entender completamente a circulação e 

transmissão de JMTV entre artrópodes e hospedeiros vertebrados. 
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