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RESUMO 
Os animais silvestres podem desempenhar um papel importante na 

propagação de carrapatos e patógenos de doenças transmitidas por carrapatos. No 
Brasil, ouriços-cacheiro (Sphiggurus villosus) e tamanduás-mirim (Tamandua 
tetradactyla) são amplamente distribuídos no bioma Mata Atlântica, e estão entre os 
animais mais atingidos e mortos em acidentes nas estradas. O objetivo deste estudo 
foi pesquisar ouriços-cacheiro e tamanduás-mirim de vida livre do Estado do Paraná, 
sul do Brasil, para infecção por micoplasmas hemotrópicos, Anaplasma/Ehrlichia spp. 
e piroplasmas. Amostras de sangue e/ou baço foram coletadas de nove ouriços-
cacheiro e quatro tamanduás-mirim atendidos no Hospital Veterinário da Universidade 
Federal do Paraná, Estado do Paraná, sul do Brasil. Foi realizada pesquisa de 
ectoparasitas nos animais. O DNA das amostras de sangue e baço foi extraído e 
testados por PCR para os genes 16S rRNA/23S rRNA de hemoplasmas, gene 16S 
rRNA de Anaplasma/Ehrlichia spp. e gene 18S rRNA de piroplasmas. Ao todo, 275 
carrapatos (34 machos, 11 fêmeas, 7 ninfas e 223 larvas) foram coletados de oito 
ouriços-cacheiro: Amblyomma longirostre, Amblyomma parkeri e Amblyomma spp. 
larvas. Dois dos quatro tamanduás estavam infestados por carrapatos A. calcaratum 
(quatro machos e duas fêmeas). Dois dos nove ouriços-cacheiro foram PCR-positivos 
para hemoplasmas. Uma das quatro amostras de tamanduá-mirim testou positivo para 
Anaplasma/Ehrlichia spp. por PCR. Todos os animais apresentaram resultados 
negativos para piroplasmas. A análise filogenética dos genes 16S e 23S rRNA 
confirmou que os ouriços-cacheiro foram infectados por um potencial novo 
Mycoplasma sp. hemotrópico. O nome ‘Candidatus Mycoplasma haemosphiggurus’ é 
proposto para esse novo organismo, que deve ser totalmente caracterizado. Análise 
filogenética do gene 16S rRNA mostrou que a sequência de Anaplasma spp. de 
tamanduá posicionada próxima às sequências de Anaplasma spp. de tamanduás de 
São Paulo, Brasil. Pesquisas envolvendo animais silvestres, principalmente os 
atropelados, representam importantes ferramentas para detecção de agentes de 
doenças transmitidas por vetores, uma vez que o acesso a muitos desses animais é 
limitado. 
 
PALAVRAS-CHAVE: Micoplasmas hemotrópicos, Anaplasmatacea, roedores 
silvestres, Xenarthra, carrapatos, Amblyomma spp. 



 
 

 

 

ABSTRACT 
Wild animals may play an important role in the spread of ticks and tick-borne 

diseases (TBD) pathogens. In Brazil, orange-spined hairy dwarf porcupines 
(Sphiggurus villosus) and collared anteaters (Tamandua tetradactyla) are widely 
distributed in the Atlantic Rainforest biome being among the animals most frequently 
hit and killed by cars on the roads. The aim of this study was to screen free-ranging 
Brazilian porcupines and collared anteaters from Paraná State, southern Brazil, for 
hemotropic Mycoplasma, Anaplasma/Ehrlichia spp., and piroplasms infection. Blood 
and/or spleen samples were collected from nine orange-spined hairy dwarf porcupines 
and four collared anteaters referred to the Veterinary Teaching Hospital, Universidade 
Federal do Paraná, Parana State, southern Brazil. The animals were screened for the 
presence of ectoparasites. DNA was extracted from all samples and further screened 
by PCR assays targeting the 16S rRNA/23S rRNA genes of hemoplasmas, 16S rRNA 
gene of Anaplasma/Ehrlichia spp., and 18S r RNA gene of piroplasms. A total of 275 
ticks (34 males, 11 females, 7 nymphs and 223 larvae) were collected from eight 
porcupines: Amblyomma longirostre, Amblyomma parkeri, and Amblyomma spp. 
larvae. Two out of four anteaters were infested by A. calcaratum ticks (four males, and 
two females). Two out of nine porcupines were PCR-positive for hemoplasmas. One 
of four collared anteater sample tested positive for Anaplasma/Ehrlichia spp. by PCR. 
All animals tested negative for Theileria/Babesia spp. Phylogenetic and network 
analysis of the 16S and 23S rRNA gene fragments confirmed that porcupines were 
infected by a potentially novel hemotropic Mycoplasma sp. The name ‘Candidatus 
Mycoplasma haemosphiggurus’ is proposed for this novel organism, that should be 
further fully characterized. Phylogenetic analysis of Anaplasma spp. 16S rRNA gene 
showed our anteater sequence positioned close to sequences of Anaplasma spp. of 
anteaters from São Paulo, Brazil. In conclusion, research involving wild animals, 
especially those killed by cars on the roads, represents an important tool for detecting 
vector-borne disease agents, since access to many of these animals is limited. 
 
KEY-WORDS: Hemotropic mycoplasmas, Anaplasmatacea, wild rodents, Xenarthra, 
ticks, Amblyomma spp. 
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1 INTRODUÇÃO 
 

Os carrapatos (Acari: Ixodidae) são vetores de patógenos com importância na 

medicina e medicina veterinária. Nesse cenário, a fauna silvestre pode desempenhar 

um importante papel na epidemiologia de doenças transmitidas por carrapatos (DTC), 

bem como na disseminação e/ou manutenção de populações de carrapatos no 

ambiente (SZEKERES et al., 2019). Dentre os animais silvestres, Rodentia é uma das 

mais diversificadas e distribuídas ordens de mamíferos no mundo, sendo que mais de 

200 espécies de roedores já foram descritas no Brasil (BONVICINO; OLIVEIRA; 

D’ANDREA, 2008). Os roedores silvestres são considerados reservatórios de diversos 

patógenos causadores de doenças, incluindo agentes com potencial zoonótico, tais 

como Rickettsia rickettsii (FORTES et al., 2011) Bartonella vinsonii subsp. arupensis 

(FAVACHO et al., 2015) e Babesia microti (USLUCA et al., 2019). 

Além desses patógenos, duas espécies de hemoplasmas têm sido identificadas 

parasitando roedores, Mycoplasma coccoides e Mycoplasma haemomuris, sendo a 

segunda espécie subdividida em ‘Candidatus M. haemomuris subsp. musculi’ e 

‘Candidatus M. haemomuris subsp. ratti’ (HARASAWA et al., 2015).  

Estudos para detecção de hemoplasmas em animais silvestres foram 

realizados em diferentes regiões do Brasil, sendo já descritos em canídeos (ANDRÉ 

et al., 2011b; DE SOUSA et al., 2017), felídeos (ANDRÉ et al., 2011b; DE SOUSA et 

al., 2017; FURTADO et al., 2018; GUIMARAES et al., 2007), primatas não humanos 

(BONATO et al., 2015; CUBILLA et al., 2017a; DE MELO et al., 2019; RAMALHO et 

al., 2017; SANTOS et al., 2013), quatis (Nasua nasua) (CUBILLA et al., 2017b; DE 

SOUSA et al., 2017), gambás de orelha branca (Didelphis albiventris) (GONÇALVES 

et al., 2020; MASSINI et al., 2019; PONTAROLO et al., 2020), morcegos (IKEDA et 

al., 2017; SANTOS et al., 2020) e javalis (DIAS et al., 2019). Além disso,  a ocorrência 

de Mycoplasma spp. em diversos mamíferos silvestres, incluindo roedores foi relatada 

nos cinco biomas brasileiros (DE SOUSA et al., 2017; GONÇALVES et al., 2015).  

Ouriços-cacheiro (Sphiggurus villosus) (Rodentia: Erethizontidae) são roedores 

silvestres  com grande distribuição no Sul e Sudeste do Brasil (OLIVEIRA; 

BONVICINO, 2006). Esses animais são frequentemente expostos ao parasitismo de 

carrapatos, sendo as espécies Amblyomma parkeri e Amblyomma longirostre 

comumente associadas com ouriços da família Erethizontidae (LUZ; FACCINI; 

MCINTOSH, 2017; MARTINS et al., 2013). Ouriços-cacheiro ocorrem primariamente 
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em regiões de Mata Atlântica, porém são encontrados em bordas de florestas e em 

áreas urbanas, onde podem causar lesões a seres humanos e animais domésticos 

devido aos seus espinhos (JORGE et al., 2016). Em roedores, espécies de 

hemoplasmas foram identificadas em pequenos roedores silvestres (DE SOUSA et 

al., 2017; GONÇALVES et al., 2015, 2020) e capivaras (Hydrochoerus hydrochaeris) 

(GONÇALVES et al., 2020; VIEIRA et al., 2009). Até o momento, poucos estudos 

foram realizados para investigar a ocorrência de doenças transmitidas por vetores em 

ouriços-cacheiro (BENEVENUTE et al., 2017; GONÇALVES et al., 2015, 2016; 

RICHINI-PEREIRA et al., 2014). Apenas um estudo investigou a ocorrência de 

hemoplasmas nessa espécie de roedor, no qual não foi detectada presença do 

patógeno (GONÇALVES et al., 2015). 

Tamanduás (Pilosa: Myrmecophagidae) são mamíferos neotropicais com uma 

dieta baseada em cupins e formigas. No Brasil, tamanduá-bandeira (Myrmecophaga 

tridactyla) e tamanduá-mirim (Tamandua tetradactyla) são amplamente distribuídos e 

podem ser encontrados em todos os seis biomas (MEDRI; MOURÃO; RODRIGUES, 

2006). Assim como os ouriços, os tamanduás são frequentemente expostos a 

carrapatos, principalmente Amblyomma calcaratum, Amblyomma goeldii e 

Amblyomma nodosum (SZABÓ et al., 2019).  

A família Anaplasmataceae (ordem Rickettsiales) é formada pelos gêneros 

Anaplasma, Ehrlichia e Neorickettsia e Wolbachia (DUMLER et al., 2001). No Brasil, 

vários genótipos de A. phagocytophilum, A. marginale, A. bovis, A. platys, E. canis, E. 

chafeensis e potenciais novas espécies foram detectados em diferentes espécies de 

mamíferos silvestres, incluindo cervídeos (MACHADO et al., 2006; MONGRUEL et al., 

2017; PICOLOTO et al., 2010; SACCHI et al., 2012; SILVEIRA et al., 2014, 2013; 

SILVEIRA; RABELO; RIBEIRO, 2012), canídeos selvagens (ALMEIDA et al., 2013; 

ANDRÉ et al., 2012; SOUSA et al., 2017), felinos selvagens (ANDRÉ et al., 2010, 

2012; WIDMER et al., 2011), quatis (SOUSA et al., 2017), caititus e queixadas 

(SOARES et al., 2015), gambás (GUIMARÃES et al., 2019; LOPES et al., 2018) e 

roedores (BENEVENUTE et al., 2017; BRAGA et al., 2018; SOUSA et al., 2017). 

Dentre os estudos com roedores silvestres, um ouriço-cacheiro testou positivo para 

Anaplasma sp. (BENEVENUTE et al., 2017) geneticamente próximo a  Anaplasma 

odocoilei, que foi detectada infectando cervídeos do Brasil e EUA (FOLEY; HASTY; 

LANE, 2016; SACCHI et al., 2012). Por fim, recentemente foi detectada presença de 
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Anaplasma spp. e Ehrlichia spp. em mamíferos da superordem Xenarthra (bichos-

preguiça e tamanduás) no Brasil  (CALCHI et al., 2020). 

A fragmentação dos ecossistemas é a principal causa na redução de 

populações de animais silvestres, além das rodovias que são formas comuns de 

degradação de habitats, criando barreiras para movimentação dos organismos e 

causa de atropelamentos (FREITAS; JUSTINO; SETZ, 2014; LAURANCE; GOOSEM; 

LAURANCE, 2009). Por esses fatores,  ouriços-cacheiro e tamanduás são 

constantemente encontrados em áreas antropizadas e estão entre os animais 

silvestres mais atropelados em rodovias no Brasil (COELHO; KINDEL; COELHO, 

2008; FREITAS; JUSTINO; SETZ, 2014; SZABÓ et al., 2019).  

 

1.1 OBJETIVOS 

 

1.1.1 Objetivo geral 

 

Identificar a presença de patógenos transmitidos por carrapatos em ouriços-

cacheiro e tamanduás-mirim atendidos no setor de animais selvagens do Hospital 

Veterinário da Universidade Federal do Paraná, estado do Paraná, sul do Brasil. 

 

1.1.2 Objetivos específicos 

 

- Detectar o DNA de hemoplasmas nas amostras de sangue e baço por meio 

de PCR convencional para os genes 16S rRNA e 23S rRNA; 

- Detectar o DNA de Anaplasma/Ehrlichia spp. nas amostras de sangue e baço 

por meio de PCR convencional para o gene 16S rRNA; 

-  Detectar o DNA de piroplasmas nas amostras de sangue e baço por meio de 

PCR convencional para o gene 18S rRNA; 

- Identificar e caracterizar molecularmente as espécies de patógenos que forem 

identificadas no estudo e compará-las com sequências depositadas no banco genético 

(GenBank®); 

- Coletar e identificar morfologicamente as espécies de ectoparasitos presentes 

nos animais.  
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2 ARTIGO PUBLICADO 
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3 ARTIGO PARA SUBMISSÃO (SHORT COMMUNICATION)  
 

Título: Anaplasma sp. in collared anteater (Tamandua tetradactyla) from Paraná 
state, Southern Brazil  
 

3.1 ABSTRACT 

Anteaters (Pilosa: Myrmecophagidae) are neotropical mammals with a diet 

based on termites and/or ants. In Brazil, the collared anteater (Tamandua tetradactyla) 

is widely distributed, and this species may be found through all Brazilian biomes. 

Anteaters are frequently exposed to ticks, being Amblyomma calcaratum, Amblyomma 

goeldii and Amblyomma nodosum are the main tick species found parasitizing collared 

anteaters. The aim of this study was to screen collared anteaters from Paraná State, 

southern Brazil, for hemotropic mycoplasmas, Ehrlichia/Anaplasma spp., and 

piroplasms infections by PCR. Blood or spleen samples were collected from four 

collared anteaters referred to the Veterinary Teaching Hospital, Universidade Federal 

do Paraná, Parana State, southern Brazil. One of four (25%) collared anteater sample 

was PCR-positive for Anaplasma sp. Two out of four anteaters were infested by A. 

calcaratum ticks. In conclusion, we firstly report Anaplasma sp. in collared anteater 

from Paraná state Southern, Brazil. The phylogenetic analysis showed our sequence 

positioned close to sequences of Anaplasma spp. of anteaters from São Paulo. Also, 

A. calcaratum adult ticks were found infesting two collared anteaters. 

 

Key-words: Xenarthra, Anaplasmatacea, ticks, A. calcaratum. 

 

3.2 INTRODUCTION 

Anteaters (Pilosa: Myrmecophagidae) are neotropical mammals with a diet 

based on termites and/or ants. In Brazil, the giant anteater (Myrmecophaga tridactyla) 

and the collared anteater (T. tetradactyla) are widely distributed, and these species 

may be found in all Brazilian biomes (Medri et al., 2006). In Brazil, collared anteaters 

are recurrently found at anthropogenic sites and they are among the most frequently 

road-killed animals (Freitas et al., 2014). Anteaters are also frequently exposed to 

ticks, being Amblyomma calcaratum, Amblyomma goeldii and Amblyomma nodosum 

the main tick species affecting anteaters (Szabó et al., 2019). Although anteaters were 

determined as natural reservoirs of Leishmania spp. and Rickettsia spp. (Richini-
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Pereira et al., 2014), the potential role of anteater ticks as vectors of other tick-borne 

pathogens remains to be better investigated. 

Wild animals are reservoirs of pathogens that may cause diseases in animals 

and humans, and favor the spread of these agents (Doudier et al., 2010; Dumler et al., 

2001; Parola et al., 2005). In Brazil, genotypes and potential novel species of 

Anaplasmatacea family bacteria have been detected on wild animals, including deer 

(Machado et al., 2006; Mongruel et al., 2017; Sacchi et al., 2012; Silveira et al., 2014, 

2013), canids (Almeida et al., 2013; André et al., 2012; Sousa et al., 2017), felids 

(André et al., 2012, 2010; Widmer et al., 2011), coatis (Sousa et al., 2017), suids 

(Soares et al., 2015), opposums (Guimarães et al., 2019; Lopes et al., 2018) and 

rodents (Benevenute et al., 2017; Braga et al., 2018; Sousa et al., 2017). Recently,  

Anaplasma spp. and Ehrlichia spp. were detected in mammals of Xenarthra superorder 

(Calchi et al., 2020). Therefore, the aim of this study was to screen collared anteaters 

from Paraná State, southern Brazil, for hemotropic mycoplasmas, Ehrlichia/Anaplasma 

spp., and piroplasms infections. 

 

3.3 MATERIAL AND METHODS 

This study was approved by the Ethics Committee for Animal Experimentation 

and Animal Welfare at the Universidade Federal do Paraná, Brazil (protocol number 

044/2020). Animal and laboratory procedures were approved and performed under 

regulations of the Chico Mendes Institute for Biodiversity Conservation (ICMBio, 

protocol number 76984-1). 

Four free-ranging collared anteaters were referred to the Veterinary Teaching 

Hospital, Universidade Federal do Paraná, Parana State, southern Brazil. Blood 

samples of two collared anteaters were collected by venipuncture of ventral caudal 

vein, placed into tubes containing EDTA (BD Vacutainer®, Franklin Lakes, NJ, EUA) 

for PCR analysis and kept at -20 °C until testing. Fragments of spleen were collected 

from two other animals that died. Ticks parasitizing animals were collected using a 

commercial hook (O'TOM®/Tick Twister®, Lavancia, FRA), and kept in absolute ethanol 

for further classification according to morphological taxonomic keys (Barros-Battesti et 

al., 2006). DNA was extracted from blood and spleen samples using commercially 

available kits (QIAamp™ DNA Blood Mini Kit and QIAamp™ DNA Micro Kit, Qiagen, 
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Hilden, Germany, respectively), according to the manufacturer's instructions. Ultrapure 

water was used as a negative control in parallel to monitor for cross-contamination. 

A conventional PCR (cPCR) for the mammal endogenous gene glyceraldehyde-

3-phosphate dehydrogenase (gapdh) was performed in all samples, to monitor DNA 

extraction (Birkenheuer et al., 2003). Thereafter, DNA samples were further screened 

by cPCR assays targeting two complementary fragments (349 bp and 421 bp) of the 

16S rRNA gene of Anaplasma/Ehrlichia spp. (Parola et al., 2000; Stuen et al., 2003). 

Additionally, DNA samples were tested by cPCR assays targeting a fragment (551 bp) 

of the 18S rRNA gene of Theileria/Babesia spp. (Almeida et al., 2012), and fragment 

( 900 bp) of the 16S rRNA gene of hemoplasmas (Hoelzle et al., 2011). 

Amplicons obtained from one Ehrlichia/Anaplasma sp.- positive sample were 

sequenced in both directions by Sanger method. Concatenate nucleotide sequence 

(771 bp) of the 16S rRNA gene of Ehrlichia/Anaplasma sp. was subjected to Blast® 

analysis and submitted to the GenBank® database (accession no. MW555173). 

Phylogenetic analysis of 16S rRNA gene was based on Bayesian Inference (BI) 

using Beast 1.8.0 package (Drummond et al., 2012). Three independent runs of 

100,000,000 generations of Monte Carlo Markov Chain (MCMC) were performed with 

one sampling per 10,000 generations and a 10% burn-in. The substitution model was 

estimated as GTR+G+I, based on Akaike Information Criterion (AIC) using  jModel test 

2.1.10 (Darriba et al., 2012). Reconstructions were visualized with FigTree 1.4.4 

software (Rambaut, 2014). The 16S rRNA tree was rooted with Ehrlichia canis 

(EF195135) sequence. 

 

3.4 RESULTS AND DISCUSSION 

All samples consistently amplified the anteater gapdh gene. One of four (25%; 

CI 95%: 0.6-80%) collared anteater sample (blood) was PCR-positive for 

Anaplasma/Ehrlichia sp. The concatenate sequence of the 16S rRNA gene fragment 

(770 bp) showed 98.19% identity with Anaplasma platys detected in Canis lupus 

familiaris from Saint Kitts and Nevis (CP046391), and South Africa (MK814419). Two 

out of four (50%; CI 95%: 6-93%) anteaters were infested by ticks (four males, and two 

females) identified as A. calcaratum (Table 1). 

This is the first report of Anaplasmatacea agent in collared anteater (T. 

tetradactyla) from Paraná state, Southern Brazil. Previous studies of detection of 

Anaplasmataceae agents in Xenarthra are scarce. In Pará state, genotypes of 
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Ehrlichia spp., and Anaplasma spp. were detected in a three toed sloth (Bradypus 

tridactylus) (Soares et al., 2015). A recent study detected genotypes of Ehrlichia and 

Anaplasma spp. in Xenarthra mammals from four Brazilian states Mato Grosso do Sul, 

São Paulo, Pará, and Rondônia (Calchi et al., 2020).  The phylogenetic analysis of 

16S rRNA positioned the sequences obtained in Xernathra (Bradypus spp. and 

Choloepus spp.) from Rondônia and Pará states in a single clade phylogenetically 

closer to Anaplasma spp. genotypes from rodents in Brazil. In the same study, the 

sequences obtained from anteaters of São Paulo state were allocated to a different 

clade closer to sequences of Anaplasma spp. detected in ocelots (Leopardus pardalis), 

coatis (Nasua nasua), and crab-eating foxes (Cerdocyon thous) from the Pantanal 

natural region in southern Brazil (Calchi et al., 2020). Despite forming a single clade, 

the obtained sequence of our study showed greater proximity to the clade of 

Anaplasma spp. found in anteaters (T. tetradactyla) from São Paulo, Brazil (MT199830 

and MT199830), probably due the geographical closety between São Paulo e Paraná 

state, and the same Xernathra mammal species. 

Two out of four anteaters were infested by A. calcaratum ticks. Anteaters are 

the principal hosts for adults of A. calcaratum ticks, whereas immature stages of these 

species rather feed on passerine birds (Nava et al., 2017). Tick species collected from 

collared anteaters has been recently found as carriers of Rickettsia spp. (Szabó et al., 

2019).  Moreover, a study reported A. calcaratum nymphs infected with a rickettsial 

bacterium (Rickettsia parkeri-like agent) (Ogrzewalska et al., 2013). Birds are an 

important host to spread immature stages of ticks, so the importance of A. calcaratum 

ticks, especially immature stages, should be better investigated. 

 

3.5 CONCLUSION 

In conclusion, we firstly report Anaplasma sp. in collared anteater from Paraná 

state Southern, Brazil. The phylogenetic analysis showed our sequenced positioned 

close to sequences of Anaplasma spp. of anteaters from São Paulo. Also, A. 

calcaratum adult ticks were found infesting two collared anteaters. 
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1 Figure 1. Phylogenetic relationships within the Anaplasma genus based on 

fragments of ~771 bp of the 16S rRNA gene. The phylogenetic tree was inferred by 

using the Bayesian Inference (BI). Sequences detected in the present study are 

highlighted in bold. Ehrlichia canis was used as outgroup. Branch lengths represent 

units of substitutions per site.
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4 CONSIDERAÇÕES FINAIS 
Um potencial novo Mycoplasma hemotrópico foi identificado infectando ouriços-

cacheiro do estado do Paraná, Sul do Brasil, por meio de análise filogenética do gene 

16S e 23S rRNA. O nome ‘Candidatus Mycoplasma haemosphiggurus’ é proposto 

para esse novo organismo, que deve ser totalmente caracterizado. Além disso, foi 

relatada a detecção de Anaplasma sp. em uma amostra de sangue de tamanduá-

mirim pela primeira vez no estado do Paraná, Brasil. Por fim, foi relatado o parasitismo 

de ouriços-cacheiro por carrapatos Amblyomma longirostre e Amblyomma parkeri, e 

parasitismo de tamanduás-mirim por carrapatos A. calcaratum. Conclui-se que a 

pesquisa envolvendo animais silvestres, principalmente os animais atropelados em 

rodovias, representa uma importante ferramenta de pesquisa para detecção de 

agentes etiológicos de doenças transmitidas por vetores, uma vez que o acesso a 

muitas espécies desses animais é limitado.   
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5 APÊNDICE 1 – ARTIGO PUBLICADO 
Estudo paralelo relacionado à tese. 
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6 APÊNDICE 2 – ARTIGO SUBMETIDO  
Estudo paralelo relacionado à tese. 

Título: Retrospective and new records of hard ticks (Acari: Ixodidae) on wild 
animals from Paraná State, southern of Brazil 

 

6.1 ABSTRACT 

Ticks are distributed worldwide, and in South America, Brazil possesses the 

largest diversity of them. They are responsible for transmitting a wide range of 

pathogens to animals and accidentally to humans. The available data on tick species 

parasitizing wild animals in Paraná State are limited to few reports. Accordingly, the 

aims of this study were to describe and map the distribution of ticks parasitizing wild 

animals in Paraná State, southern Brazil, based on unpublished data from records of 

ticks deposited in two scientific collections, and tick records from previously published 

studies. Overall, we obtained 976 records of parasitism by ticks from 173 different 

species of free-ranging wild animals: 2/173 (1.2%) amphibians, 2/173 (1.2%) reptiles, 

119/173 (68.8%) birds, 3/173 (1.7%) canids, 2/173 (1.2%) deer, 6/173 (3.5%) felids, 

7/173 (4.0%) marsupials, 3/173 (1.7%) mustelid, 2/173 (1.2%) non-human primates, 

2/173 (1.2%) procionid, 19/173 (11.0%) rodents, 2/173 (1.2%) Suine, 1/173 (0.6%) 

tapir, and 3/173 (1.7%) Xenarthra. A total of 6,794 ticks (1,163 males, 749 females, 

428 adults of non-defined sex, 1,824 nymphs, 2,370 larvae, and 260 not identified 

stages) were recorded. The following tick species were recorded: Amblyomma 

aureolatum, Amblyomma brasiliense, Amblyomma calcaratum, Amblyomma coelebs, 

Amblyomma dissimile, Amblyomma dubitatum, Amblyomma fuscum, Amblyomma 

geayi, Amblyomma incisum, Amblyomma longirostre, Amblyomma nodosum, 

Amblyomma ovale, Amblyomma parkeri (some published as A. geayi), Amblyomma 

parvum, Amblyomma pseudoconcolor, Amblyomma rotundatum, Amblyomma 

sculptum (some published as Amblyomma cajennense senso lato), Amblyomma 

tigrinum, Amblyomma triste, Amblyomma sp., Haemaphysalis juxtakochi, 

Haemaphysalis sp., Ixodes auritulus, Ixodes fuscipes (some published as Ixodes 

aragaoi), Ixodes loricatus, Ixodes paranaensis, Ixodes schulzei, Ixodes sp., and 

Rhipicephalus microplus. Amblyomma aureolatum and A. longirostre were highly 

prevalent on wild hosts. Ring-tailed coati (Nasua nasua) was the host species with the 

highest tick richness in Paraná State, Brazil. Also, we provide the first record of the 

tick-host association A. fuscum on felid (Leopardus guttulus), and R. microplus on 
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rodent (Sphiggurus villosus).  

 

Keywords: Amblyomma, Haemaphysalis, Ixodes, Rhipicephalus, wild hosts. 
 

6.2 INTRODUCTION  

Ticks are distributed worldwide and are responsible for transmitting a wide 

range of pathogens to animals and accidentally to human beings. These ectoparasites 

may act as mechanical or biological vectors for viruses, bacteria, protozoa and 

helminths, representing an One Health issue (Otranto et al. 2013; Parola et al. 2013; 

Westblade et al. 2017; Ličková et al. 2020). Brazil has the largest diversity of ticks in 

South America, currently composed by 51 species classified into the Ixodidae family 

(Michel et al. 2017; Dantas-Torres et al. 2019; Martins et al. 2019; Labruna et al. 2020; 

Onofrio et al. 2020). The genus Amblyomma is the most important and representative 

taxon in the medical and veterinary field, with 33 species currently reported in Brazil 

(Nava et al. 2017; Gianizella et al. 2018; Martins et al. 2019, 2021).  

The Atlantic Forest is one of the 34 global "hotspots" of biodiversity, is the 

second largest tropical forest in the Americas, and originally extended continuously 

along the Brazilian coast, to eastern Paraguay and northeastern Argentina (Lautert et 

al. 2015). The State of Paraná, southern Brazil, concentrates one of the largest 

continuous forest remnants of Atlantic Forest in the country, however only 12.4% of 

the all original forest remains (SOS Mata Atlântica 2021). In recent years, the incidence 

and diversity of tick-borne infections has increased. This may be attributed, among 

other factors, to changes in the environment associated with the anthropization of 

natural areas, which have led to increased densities of ticks and potential reservoir 

hosts (Yabsley & Shock, 2013).  

The available data on tick species parasitizing wild animals in Paraná State are 

limited to few reports. Accordingly, the aims of this study were to report and map the 

distribution of ticks parasitizing wild animals in Paraná State, southern Brazil. 

 

6.3 MATERIAL AND METHODS   

The State of Paraná comprises about 199,000 km², divided into 399 

municipalities, distributed into ten mesoregions: Curitiba Metropolitan (CM), East 

Central (EC), North Pioneering (NP), North Central (NC), Northwest (NW), West (W), 

West Central (WC), Southwest (SW), South Central (SC), and Southeast (SE), 
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following the criterion adopted by the Paraná Institute for Economic and Social 

Development (Ipardes 2012). Paraná State is predominantly located in the Atlantic 

Forest biome, except for the EC mesoregion, which is in the Cerrado biome (Brasil, 

2018). The climate along the State is variable, where the central and southern regions 

have a predominantly temperate climate – Cfb (average temperatures between 10−15 

°C in the winter and 17−22 °C in the summer). The northern, western, southern and 

coastal regions have a subtropical climate – Cfa (average temperatures between 

15−21 °C in the winter and 22−27 °C in the summer), according to Köppen's 

classification (IAPAR 2019). 

The geographical distribution of ticks in wild animals from Paraná State was 

performed using unpublished data from records of ticks deposited in the following 

scientific collections: “Coleção de Ectoparasitos” at the Capão da Imbuia Museum of 

Natural History (MHNCI) and “Coleção Científica de Carrapatos” at the Vector-Borne 

Diseases Laboratory (VBDL), Universidade Federal do Paraná. Additionally, tick 

records from previously published studies were reviewed and compiled (Antonucci et 

al. 2011;  Arzua et al. 1994, 2003, 2005; Arzua & Barros-Battesti 1999; Barros-Battesti 

2008; Barros-Battesti et al. 2003; Barros & Baggio 1992; Blanco et al. 2017; Fonseca 

1933; Fortes et al. 2011; Guglielmone et al. 2003; Kmetiuk et al. 2019; Labruna et al. 

2005, 2009, 2020; Luz et al. 2017; Magalhães-Matos et al. 2017; Martins et al. 2021; 

Massini et al. 2019; Mongruel et al. 2017; Nava et al. 2010, 2014; Onofrio et al. 2013; 

Pacheco et al. 2012; Seki et al. 2013; Serra-Freire & Peralta 1993; Sinkoc et al. 1998; 

Toledo et al. 2011; Valente et al. 2020a). The review of published articles was 

conducted through a computerized search in the PubMed (http://www.ncbi.nlm. 

nih.gov/pubmed) and SciELO (http://www.scielo.org/) electronic databases, using the 

following general descriptors (keywords): ticks, tick-borne diseases, vector-borne 

diseases, wild animals, Amblyomma, Haemaphysalis, Ixodes, Rhipicephalus, 

Ixodidae, Brazilian Spotted Fever, Rickettsia, Theileria, Anaplasma, Ehrlichia, 

Babesia, Hepatozoon, Rangelia, and hemoplasmas. The same descriptors in English 

were also searched for in the SciELO database, with additional Portuguese 

translations as keywords. The reference list of every selected manuscript was also 

considered for our literature survey. 

Tick specimens collected and deposited in the MHNCI and VBDL scientific 

collections from wild animals were kept in absolute ethanol-labeled tubes and all the 

adults identified by morphologic dichotomous keys (Barros-Battesti et al. 2006). The 
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scientific collections were visited during 2015 and 2019, and all the nymphs compiled 

in this study were reviewed and identified at the species level according to criteria 

previously established (Martins et al. 2010, 2013). All records of parasitism by ticks on 

wild animals in Paraná State are presented in Supplementary Table S1.   

The locations of wild animals parasitized by ticks were plotted using the 

geographical information system software Quantum GIS 2.18.19 (GNU, Boston, MA, 

USA).  

 

6.4 RESULTS 

Overall, we obtained 976 records of parasitism by ticks from 173 different 

species of free-ranging wild animals: 2/173 (1.2%) amphibians, 2/173 (1.2%) reptiles, 

119/173 (68.8%) birds, 3/173 (1.7%) canids, 2/173 (1.2%) deer, 6/173 (3.5%) felids, 

7/173 (4.0%) marsupials, 3/173 (1.7%) mustelid, 2/173 (1.2%) non-human primates, 

2/173 (1.2%) procionid, 19/173 (11.0%) rodents, 2/173 (1.2%) Suine, 1/173 (0.6%) 

tapir, and 3/173 (1.7%) Xenarthra. Detailed data of parasitism by ticks in wild animals 

are shown in Supplementary Table S1. 

A total of 6,794 ticks of 30 different species were collected, being, 1,163/6,794 

(17.12%) males (M), 749/6,794 (11.02%) females (F), 428/6,794 (6.3%) adults of non-

defined sex (A), 1,824/6,794 (26.8%) nymphs (N), 2,370/6,794 (34.88%) larvae (L), 

and 260/6,794 (3.83%) not identified stages according to published data.  

From 976 records of parasitism by ticks in wild animals, the tick species found 

were Amblyomma aureolatum, Amblyomma brasiliense, Amblyomma calcaratum, 

Amblyomma coelebs, Amblyomma dissimile, Amblyomma dubitatum, Amblyomma 

fuscum, Amblyomma geayi, Amblyomma incisum, Amblyomma longirostre, 

Amblyomma nodosum, Amblyomma ovale, Amblyomma parkeri (some published as 

A. geayi), Amblyomma parvum, Amblyomma pseudoconcolor, Amblyomma 

rotundatum, Amblyomma sculptum (some published as Amblyomma cajennense 

senso lato), Amblyomma tigrinum, Amblyomma triste, Amblyomma sp., 

Haemaphysalis juxtakochi, Haemaphysalis sp., Ixodes auritulus, Ixodes fuscipes 

(some published as Ixodes aragaoi), Ixodes loricatus, Ixodes paranaensis, Ixodes 

schulzei, Ixodes sp., and Rhipicephalus microplus. 

The most prevalent tick species related in this study were: A. aureolatum, with 

1,636/6,794 (24.08%) ticks collected from 192/976 (19.69%) cases; A. longirostre, with 

364/6,794 (5.36%) ticks collected from 167/976 (17.13%) cases; I. auritulus, with 
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228/6,794 (3.36%) ticks collected from 97/976 (9.95%) cases; A. calcaratum, with 

154/6,794 (2.27%) ticks collected from 54/976 (5.54%) cases; and A. ovale, with 

396/6,794 (5.83%) ticks collected from 38/976 (3.90%) cases. 

Birds were mostly infested by larvae (2,085/3,188; 65.40%), and nymphs 

(901/3,188; 28.26%). Only 1/3,188 (0.03%) and 71/3,188 (2.23%) of the bird-infesting 

ticks were male and female, respectively. 

Amblyomma longirostre was found infesting the most diversity of wild animal 

species, including 61 bird, one felid and two rodent species (porcupines). The host 

species with the highest tick richness in this study were, Nasua nasua, found infested 

by A. aureolatum, A. brasiliense, A. coelebs, A. dubitatum, A. incisum, A. ovale, H. 

juxtakochi, I. loricatus, and Tamandua tetradactyla, found infested by A. aureolatum, 

A. brasiliense, A. calcaratum, A. dubitatum, A. nodosum, A. pseudoconcolor. The 

geographical distribution of tick parasitism on wild hosts is shown in Fig. 1 and Fig. 2. 

 

6.5 DISCUSSION 

In the present study, we provide information of tick species infesting wildlife from 

the State of Paraná, southern Brazil. Amblyomma aureolatum was the most common 

tick species found parasitizing wild animals. Ring-tailed coatis comprised the host 

species with the highest tick richness in Paraná State, Brazil. All tick species reported 

in this study were previously described in Paraná State; however, unusual tick-host 

association to A. fuscum and R. microplus was observed. 

Overall, the tick-host general associations found herein have been previously 

reported, as A. aureolatum on birds, canids, procionids, felids, and marsupials, 

mustelid, non-humans primates, procionid, xenarthras (Arzua et al. 2003, 2005; Barros 

& Baggio 1992; Guglielmone et al. 2003; Martins et al. 2021), A. brasiliense on 

anteaters, ring-tailed coati, marsupials, tapir, Suine, and xenarthras (Arzua et al. 2005; 

Kmetiuk et al. 2019; Luz et al. 2018a; Magalhães-Matos et al. 2017; Nava et al. 2017), 

A. calcaratum on xenarthras, and birds (Martins et al. 2014; Szabó et al. 2019), A. 

coelebs on procionids, and tapir (Arzua et al. 2005; Magalhães-Matos et al. 2017), A. 

dubitatum on birds, procionids, deer, marsupials, rodents, Suine, and xenarthras 

(Barros & Baggio 1992; Blanco et al. 2017; Massini et al. 2019; Nava et al. 2010, 2017; 

Szabó et al. 2019; Teixeira et al. 2020), A. fuscum on reptiles (Dantas-Torres et al. 

2008), A. incisum on birds, procionids, and tapirs (Márcia Arzua et al. 2005; Barros & 

Baggio 1992; Ogrzewalska et al. 2009), A. longirostre on birds, felids, and rodents 
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(Barros & Baggio 1992; Blanco et al. 2017; Martins et al. 2014), A. nodosum on birds, 

and xenarthras (Robayo-Sánchez et al. 2020; Teixeira et al. 2020; Fecchio et al. 2020), 

A. ovale on birds, canids, procionids, felids, marsupials, mustelid, non-human 

primates, procionid, rodents, and Suine (Arzua et al. 2005; Barros-Battesti 2008; 

Barros & Baggio 1992; Magalhães-Matos et al. 2017; Martins et al. 2016; Sinkoc et al. 

1998; Teixeira et al. 2020), A. parkeri on birds, rodents and non-human primates 

(Arzua et al. 2005; Martins et al. 2021; Teixeira et al. 2020; Valente et al. 2020a), A. 

parvum on deer (Guglielmone & Nava, 2006), A. rotundatum on amphibians (Antonucci 

et al. 2011), A. sculptum on birds, felids, rodents, Suine, and tapir (Luz et al. 2016; 

Nava et al. 2014; Witter et al. 2016),  A. tigrinum on canids (Barros & Baggio 1992; 

Cardoso et al. 2008), A. triste on deer, and rodents (Bastos, 2012; Martins et al. 2010; 

Sinkoc et al. 1998), H. juxtakochi on birds, canids, procionids, deer, and tapir (Barros-

Battesti 2008; Barros & Baggio 1992; Magalhães-Matos et al. 2017; Seki et al. 2013; 

Souza et al. 2018), I. auritulus on birds (Arzua et al. 2003), I. fuscipes on birds, deer 

and marsupials (Arzua et al. 2005; Labruna et al. 2020), I. loricatus on marsupials and 

procionids (Barros & Baggio 1992; Blanco et al. 2017), I. paranaensis on birds (Arzua 

et al. 2005; Barros-Battesti et al. 2003), I. schulzei on rodents (Barros-Battesti 2008; 

Onofrio et al. 2013), and R. microplus on deer (Nelson et al. 2017); However, new tick-

host associations were recorded.  

Considering the review of previous reports to complaining the data of this study, 

we found two reposts of A. geayi (Barros & Baggio 1992; Labruna et al. 2009) and one 

report of A. dissimile on reptile (Serra-Freire & Peralta 1993) in Paraná state. Previous 

reports of A. geayi included mostly areas within the northern half of South America, 

especially the Amazonian region (Guglielmone et al. 2003). A record of an A. geayi 

male (MHNCI – 15) collected on a sloth in the Curitiba zoo for the state of Paraná, 

southern Brazil (Barros & Baggio 1992; Arzua et al. 2005), certainly represents an 

infestation acquired in an area northern to Paraná State, before the sloth was taken to 

the Curitiba zoo. Besides, most of these A. geayi collected from porcupines were 

reidentified as A. parkeri, it seems that the distribution of A. geayi tend to be restricted 

to the northern half of South America (Labruna et al. 2009). 

A report of A. dissimile on reptiles (Caiman crocodilus) has been previously 

described in the state of Paraná (Serra-Freire & Peralta 1993). The distribution of the 

Caiman crocodilus occurs from southern Mexico to Brazil, in the Amazon River basins, 

in the complex of the Atlantic coastal basins (Barreto-Lima et al. 2020). Furthermore, 
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the distribution of the current potential of A. dissimile was restricted to tropical regions 

with constant climatic conditions throughout the year such as the Amazon and 

Pantanal (Polo, 2021). Therefore, it is suggested that this animal came to the Curitiba 

zoo already parasitized, and this report is considered an exotic tick only registered in 

Paraná. 

Barros & Baggio (1992) listed A. naponense occurrence in Paraná state. 

However, when these specimens were reviewed by Arzua et al. (2005), it was verified 

that the material belongs to three different species: one female of A. brasiliense, 11 

females of A. coelebs and one female of A. incisum (MHNCI: 55-A, 55-B, 55-C). 

Therefore, considering the absence of another report, we may provisionally consider 

that Paraná state is not included in the range of occurrence of A. naponense in Brazil. 

Arzua et al. 2005 also identified a specimen of A. oblongoguttatum collected from a 

human from Paraná State. This tick was subsequently determined as A. scalpturatum 

by Onofrio et al. (2010). The presence of A. oblongoguttatum in Paraná state was 

based on this record; consequently, Paraná state is not included in the range of this 

tick. 

To our knowledge, we provide the first record of the tick-host association A. 

fuscum on felid (Leopardus guttulus), and R. microplus on rodent (Sphiggurus 

villosus). Also, we firstly record A. fuscum occurrence in Paraná state. Amblyomma 

fuscum has been described to preferentially parasitize reptiles, however, mammals 

such as Cerdocyon thous, Didelphis aurita, and Dasypus septemcinctus have been 

found infested by this tick species (Barros-Battesti et al. 2005; Brum et al. 2003). 

Rhipicephalus microplus is the most economically important cattle tick in Brazil, where 

deer have been also found infested (Cançado et al. 2009). The occurrence of ticks 

shared by cattle and wild animals may play a role in the epidemiology of tick-borne 

diseases (Cançado et al. 2009). Considering other wild hosts of R. microplus, relates 

of this tick species on rodents are rare, being described only on capybaras (Nava et 

al. 2017). In this study, we relate firstly the occurrence of A. fuscum on felid (L. 

guttulus), and R. microplus on orange-spined hairy dwarf porcupines (S. villosus), 

whose role of this finding in the epidemiology these tick species should be better 

investigated. 

In the present study, 1,824 nymphs were recorded, being 901/1,824 (38.02%) 

found infesting birds. Birds represent an important host and dispersers for ticks, mainly 

immature stages (Norte et al. 2020; Teixeira et al. 2020). In contrast to mammals, birds 
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may play a role in the ecology of tick-borne diseases, as the ability to fly and migrate 

over long distances may allow avian hosts to disperse infected ticks across large areas 

(Norte et al. 2020). Depending on their specific biology, birds may cover longer 

distances, for example, a long-distance migratory bird of up to 1,600 Km uninterrupted 

across the Sahara (Klaus et al. 2016). In Brazil, 198/1,919 (10.3%) bird species exhibit 

migratory behavior (Somenzari et al. 2018). However, even the non-migratory 

(resident) bird species show greater movement when compared to mammals. In 

addition, comparing bird populations from different Brazilian biomes, those from the 

Atlantic Forest have shown highest prevalence of tick infestation (Fecchio et al. 2020). 

Annual precipitation of the sampling area was positively associated with a high 

probability bird infestation by ticks (Fecchio et al. 2020), fact that may also explain the 

bird infestation found in the present study. 

Amblyomma aureolatum was the most prevalent tick species found herein. The 

distribution of this tick species is limited to South America. Adult ticks are frequently 

found infesting carnivores, while birds and rodents are commonly hosts of immature 

tick stages (Guglielmone et al. 2003). On the other hand, A. longirostre was found 

infesting the most diversity of wild animal species, including 61 bird, one felid and two 

rodent species. The adult stage of A. longirostre has been recorded mainly on 

neotropical porcupines of the Erethizontidae family (Guglielmone et al. 2014; Nava et 

al. 2017), while larval and nymphal stages have been found parasitizing mainly wild 

birds of the order Passeriformes (Luz et al. 2018b), similarly to immature stages of A. 

aureolatum. In that study, it was evidenced the role of birds in spread immature stages 

of ticks, once 93.2% and 57.4% of the collected A. aureolatum and A. longirostre ticks, 

respectively, were larvae and/or nymphs. Additionally, it is important to note that both 

tick species have been reported accidentally parasitizing humans in Paraná State 

(Valente et al. 2020b). 

Moreover, we report six different tick species parasitizing ring-tailed coatis, 

which was the host species with the highest tick richness in the present study. Ring-

tailed coatis are carnivores widely distributed throughout South America, being one of 

the species with the highest synanthropy, mainly in visitation areas, for example, near 

the Iguaçu Falls viewpoint, Paraná State (Magalhães-Matos et al. 2017). This 

anthropogenic behavior may represent a risk of human bites by ticks, since five of six 

tick species found infesting ring-tailed coatis were also found parasitizing humans in 

Paraná State (Valente et al. 2020b). Indeed, such tick richness may be related to the 
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co-occurrence of species hosting those ticks and may also be related to the movement 

along larger sized areas, enhancing the chances of getting into contact with different 

tick species.  

 

6.6 CONCLUSION 

A total of 25 tick species – 18 Amblyomma, 5 Ixodes, 1 Haemaphysalis and 1 

Rhipicephalus – are reported on wild animals from Paraná State, southern of Brazil. 

To our knowledge, we provide the first records of the tick-host association A. fuscum 

on felid (L. guttulus), and R. microplus on rodents (S. villosus). Amblyomma 

aureolatum and A. longirostre were highly prevalent on wild hosts, mostly immature 

stages on birds. Ring-tailed coati (N. nasua) was the host species with the highest tick 

richness in Paraná State, Brazil. Additionally, different tick-vectors of zoonotic 

pathogens were found on wild animals. Further studies should focus to evaluate the 

interactions between wild animals, ticks, and pathogens for public health.  
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3 Figure 1. Geographical distribution of ticks from wild animals in Paraná state, 
southern Brazil – biomes. 
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4 Figure 2. Geographical distribution of ticks from wild animals in Paraná state, 
southern Brazil – remaining natural vegetation. 
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ANEXO 1 – APROVAÇÃO CEUA - UFPR 
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ANEXO 2 – APROVAÇÃO ICMBio 
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