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RESUMO

Carrapatos séo artropodes hematofagos parasitos de vertebrados que causam prejuizo a
seus hospedeiros pelos danos diretos causados pela espoliacdo sanguinea, além de
facilitarem a ocorréncia de miiase e infecgcdes bacterianas secundarias. No entanto, o
problema mais importante associado a infestacdo por carrapatos é a competéncia para
transmitir agentes patogénicos como virus, bactérias, protozoarios e nematoides. Dentre
as espécies de carrapatos presentes no estado do Rio Grande do Sul (RS) com
importancia para a salde humana e veterinaria estdo as espécies Amblyomma
aureolatum e Ornithodoros brasiliensis. A espécie A. aureolatum pertence a familia
Ixodidae e seus hospedeiros naturais sdo aves e roedores silvestres nos estagios
imaturos e carnivoros silvestres na forma adulta, podendo também parasitar 0os animais
domeésticos e 0 homem. O carrapato A. aureolatum é o principal vetor de Rickettsia
rickettsii na regido metropolitana do Estado de S&o Paulo no bioma Mata Atlantica e
também foi encontrado infectado por Rickettsia parkeri cepa Mata Atlantica no mesmo
bioma. Também é vetor do protozoario patogénico para cdes Rangelia vitalii. O
carrapato O. brasiliensis pertence a familia Argasidae e até entdo sO existem registros
dessa espécie na regido conhecida como Campos de Cima da Serra no estado do RS. Os
hospedeiros parasitados por essa espécie de carrapato podem sofrer um quadro de
toxicose causado por componentes da saliva do parasito. Também existem relatos da
presenca de bactérias do género Borrelia presentes nesse carrapato. Além de bactérias
patogénicas, assim como em outros metazoarios, existe uma interacdo dos carrapatos
com outros microrganismos trazendo beneficios mutuos as espécies envolvidas. Diante
disso os objetivos do estudo foram i) caracterizar o bacterioma de A. aureolatum e O.
brasiliensis; ii) caracterizar o parasitismo e ampliar o conhecimento sobre a
distribuicdo de O. brasiliensis e iii) pesquisar bactérias patogénicas do género
Rickettsia em carrapatos e hospedeiros carnivoros silvestres. Em A. aureolatum, os filos
bacterianos predominantes foram Proteobacteria (98,68%), Tenericutes (0,70%),
Bacteroidetes (0,14%), Actinobacteria (0,13%) e Acidobacteria (0,05%). Os géneros
predominantes foram Francisella (97,01%), Spiroplasma (0,70%), Wolbachia (0,51%),
Candidatus Midichloria (0,25%) e Alkanindiges (0,13%). Os filos predominantes em O.
brasiliensis foram Proteobacteria (90,27%), Actinobacteria (7,38%), Firmicutes
(0,77%), Bacteroidetes (0,44%) e Planctomycetes (0,22%). Os géneros bacterianos



predominantes foram Coxiella (87,71%), Nocardioides (1,73%), Saccharopolyspora
(0,54%), Marmoricola (0,42%) e Staphylococcus (0,40%). Considerando 0s géneros
com potencial importancia em saide humana e animal que podem ser transmitidos por
carrapatos destacam-se: (i) Coxiella sp., encontrada em todos os estadios de O.
brasiliensis; (ii) Francisella sp., encontrada em todos o0s espécimes de A. aureolatum e
em ninfas ndo alimentadas de O. brasiliensis; (iii) Rickettsia sp., encontrada em fémeas
de A. aureolatum e fémeas e ninfas de O. brasiliensis. Com relacdo a O. brasiliensis,
aqui relatamos uma série de casos clinicos associados ao parasitismo por esta espécie
de carrapato em um grupo de turistas no municipio de Caxias do Sul, RS. Esses casos
chamam a atencdo para sindromes ndo infecciosas subdiagnosticadas causadas por
carrapatos com distribuicdo local restrita. Esses resultados ampliam a distribuicdo
conhecida de O. brasiliensis, além de ser o primeiro registro dessa espécie em cavernas.
Quanto a pesquisa de Rickettsia spp. em carrapatos de carnivoros silvestres, dos 292
carrapatos coletados, 22 (7,5%) foram positivos pela técnica de Reacdo em Cadeia da
Polimerase (PCR) para a presenca do DNA de Rickettsia parkeri sensu stricto (s.s.).
Além disso, 20 (62%) dos canideos silvestres apresentaram anticorpos contra R.
parkeri. Os resultados sugerem que canideos silvestres estdo envolvidos no ciclo
enzodtico de R. parkeri s.s. no bioma Pampa, participando de sua dispersdo e de seus
vetores. Por fim, os resultados encontrados aqui contribuem para o entendimento da
eco-epidemiologia das relacBes entre bactérias e carrapatos de interesse em salde
publica no RS. Espera-se que a caracterizacdo da microbiota dessas espécies de
carrapatos aliada a pesquisa adicional de patdgenos nesses vetores possa auxiliar na

prevencdo de doencas no Brasil e a entender a historia natural desses parasitos.

Palavras-chave: Amblyomma aureolatum; Ornithodoros brasiliensis; Coxiella;

Francisella; Rickettsia; bacterioma; doencas transmitidas por carrapatos.



ABSTRACT

Ticks are arthropods ectoparasites that feed on vertebrate bloods causing
damage to the health of their hosts by direct damage caused by blood spoliation, while
facilitating the occurrence of myiasis and secondary bacterial infections. However, the
most important problem associated with tick infestation is the ability to transmit
pathogens such as viruses, bacteria, protozoa and nematodes. Among the species of
ticks present in the state of Rio Grande do Sul (RS) with importance for human and
veterinary health are the species Amblyomma aureolatum and Ornithodoros
brasiliensis. The species A. aureolatum belongs to the Ixodidae family and its natural
hosts are wild birds and rodents in the immature stages and wild carnivores in the adult
form, and can also parasitize domestic animals and humans. The tick A. aureolatum is
the main vector of Rickettsia rickettsii in the metropolitan region of Sdo Paulo state in
the Atlantic Rainforest biome and was also found infected by Rickettsia parkeri strain
Atlantic Rainforest in the same biome. It is also vector of a protozoan pathogenic for
dogs, Rangelia vitalii. The tick O. brasiliensis belongs to the Argasidae family and
until then there are only records of this species in the region known as Campos de Cima
da Serra in the RS state. The hosts parasitized by this species of tick may suffer from a
toxicose caused by components of the parasite's saliva. There are also reports of the
presence of bacteria of the genus Borrelia present in this tick. In addition to pathogenic
bacteria, as in other metazoans, there is an interaction of ticks with other
microorganisms and this relationship brings mutual benefits to the species involved.
Therefore, the objectives of the study were i) to characterize the bacteriome of A.
aureolatum and O. brasiliensis; ii) to characterize the parasitism and increase the
known distribution of O. brasiliensis; and iii) to investigate pathogenic bacteria of the
genus Rickettsia in ticks and wild carnivorous hosts. In A. aureolatum, the predominant
bacterial phyla were Proteobacteria (98.68%), Tenericutes (0.70%), Bacteroidetes
(0.14%), Actinobacteria (0.13%) and Acidobacteria (0.05%). The predominant genera
were Francisella (97.01%), Spiroplasma (0.70%), Wolbachia (0.51%), Candidatus
Midichloria (0.25%) and Alkanindiges (0.13%). The predominant phyla in O.
brasiliensis were Proteobacteria (90.27%), Actinobacteria (7.38%), Firmicutes
(0.77%), Bacteroidetes (0.44%) and Planctomycetes (0.22%). The predominant

bacterial genera were Coxiella (87.71%), Nocardioides (1.73%), Saccharopolyspora



(0.54%), Marmoricola (0.42%) and Staphylococcus (0.40%). Considering the genera
with importance in human and animal health that can be transmitted by ticks: (i)
Coxiella sp. was found in all stages of O. brasiliensis; (ii) Francisella sp. in all
specimens of A. aureolatum and in non-fed nymphs of O. brasiliensis; (iii) Rickettsia
sp. in females of A. aureolatum and females and nymphs of O. brasiliensis. With regard
to O. brasiliensis, we report here a series of clinical cases associated with O.
brasiliensis parasitism in a group of tourists in Caxias do Sul municipality, RS state.
These cases call attention to undiagnosed noninfectious syndromes caused by locally
restricted ticks. These results amplify the known distribution of O. brasiliensis, besides
being the first record of this species in caves. Regarding the research of Rickettsia spp.
in wild carnivorous ticks, of the 292 ticks collected, 22 (7.5%) were positive by PCR
for the presence of Rickettsia parkeri sensu stricto (s.s) DNA. In addition, 20 (62%)
wild canids showed antibodies against R. parkeri. The results suggest that wild canids
are involved in the enzootic cycle of R. parkeri s.s. in the Pampa biome and could be
responsible for the dispersion of pathogens and their vectors. Finally, the results found
here contribute to the understanding of the eco-epidemiology of the relationships
between bacteria and ticks of interest in public health in RS State. It is expected that the
characterization of the microbiota of these tick species together with the pathogen
research in these vectors can help in the prevention of vector-borne diseases in Brazil

and to understand the natural history of these parasites.

Keywords: Amblyomma aureolatum; Ornithodoros brasiliensis; Coxiella; Francisella;

Rickettsia; bacteriome; tick-borne diseases.
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Prélogo

“A principal causa da Revolug¢do Farroupilha foram os carrapatos. O surto de
1834 abalou o gado dos estancieiros do Rio Grande e provocou uma crise sem
precedentes. Esse infortnio tomaria, a partir de 1835, um tom politico e de confronto
com o poder central, provocando uma guerra civil, a proclamacgéo de uma republica e

dez anos de mortandade. ”

Historia regional da infamia, Juremir Machado da Silva, 2010.

“At Casa Vieja de Gastoya, road from Guatemala to Zacopa (Central America)
15 leagues from Guatemala, May 5, 1847, | was awakened several times in the midst of
very profund sllep, by some excruciating bites on my hands and body, and my
companion, M. Jules, complained even more than I. At 3 o’clock, irritated by these
painful bites, | lighted a candle, and found my hands covered with blood and some
spots resembling large lice-bites, which I believed must belong to a particularly large
species. My companion told me that we might have been bitten by some wasps lodged
in the wall of the house. Having awakened the “arriero” (muletter) who conducted us,
and having told him what we had found, he informed us that we were victims of an
animal named “Talaje” which was regarded as a large bug. I then relighted my candle
in order to look for this insect, and soon | found this Argas, which was nauseating to
me. Some were filled with blood, and others had a wrinkled skin. I then recalled having
found some on my body during the night and rolling them between my fingers, taking
them for some of the ticks with which my mule was covered (au point que) several

persons told me that it might die of it.
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| took a certain number of these Argas, which | put in a tube in order to study
them in Paris.

These Talajes inhabit cracks in the walls of old houses. These walls were made of
rough bamboo and plugging-mortar. They bite in the manner of bugs, and return to

their holes during the day for they are nocturnal.”

Notas de M. Nicolet citadas por Guérin-Méneville (1849) na descricao de

Ornithodoros talaje.

“Tive oportunidade de constatar grande infesta¢do do Ornithodorus brasiliensis
Aragdo, 1923 nas matas primitivas, nos extensos pinheirais, nas construcdes peri-
domiciliarias das fazendas esparsas no municipio e em diversas casas da cidade de
S&o Francisco de Paula...

...Eu tive a oportunidade de observar, em um grande 6co de pinheiro Araucaria
angustifolia (Bert.) O. Ktg., ao nivel da terra, um animal silvestre, Mus sp., vitima
désses carrapatos. ”

Raul F. di Primio, Nosologia e insetos transmissores de doencas no Rio

Grande do Sul, Anais da Faculdade de Medicina de Porto Alegre, (1970).

Esses relatos ilustram a importancia dos carrapatos tanto na questdo econémica
causando prejuizos capazes de iniciar uma revolugédo, quanto pela sua importancia na
salde publica pelo dano direto causado pelo hematofagismo e inoculagédo de toxinas ou
pela transmissdo de patdgenos aos humanos e outros animais.

De fato, o carrapato bovino Rhipicephalus microplus ainda causa um prejuizo de

mais de trés bilhGes de ddlares ao ano no Brasil (1). Também é um dos vetores do
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complexo Tristeza Parasitdria Bovina (TPB) causada pelos protozoarios Babesia
bigemina, Babesia bovis e pela bactéria Anaplasma marginale, que € a doenca
infecciosa que mais mata bovinos no estado do Rio Grande do Sul (SEAPDR, dados
ndo publicados) mas, atualmente, esses prejuizos ndo sdo a causa de nenhuma
revolucao.

N&o é s6 no campo da agropecuaria que 0s carrapatos causam prejuizos. Varios
patdégenos zoondticos sdo transmitidos por carrapatos como bactérias dos géneros
Rickettsia, Borrelia, Coxiella, Francisella, Bartonella, Anaplasma, Ehrlichia;
protozoarios do género Babesia; e os virus Colorado Tick Fever Virus (CTFV), Tick-
Borne Encephalitis Virus (TBEV), Omsk Hemorrhagic Fever Virus (OHFV), Severe
Fever with Thrombocytopenia Syndrome Virus (SFTSV), Heartland Virus (HRTV),
Crimean Congo Haemorrhagic Fever Virus (CCHFV), Kyasanur Forest Disease Virus
(KFDV), Alkhurma Haemorrhagic Fever Virus (AHFV), Powassan Virus (POWV) and
Deer Tick Virus (DTV). Vérias das doencas causadas por esses microrganismos sao
emergentes e negligenciadas e devem ser abordadas dentro do conceito de “One
Health” que abrange satide humana, animal e ambiental, visto o grau de complexidade
das interacdes entre patogenos, hospedeiros vertebrados, ambientes e vetores
envolvidos.

Outros fatores a serem levados em consideracdo em relacdo as doencas vetoriais
sdo o0 aumento da degradacdo ambiental e consequentes mudancas climaticas, como o
aquecimento global. Essas alteracfes levam ao aumento do contato entre humanos e 0s
artropodes vetores, a0 mesmo tempo em que causam a expansdo da distribuicdo dos
carrapatos e doencas transmitidas possibilitando a emergéncia de novos patdgenos ou a

reemergéncia em novos locias de patogenos ja conhecidos (2).
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No entanto, nem todos 0s microrganismos presentes em carrapatos sdo patdgenos.
Existe um diverso grupo de microrganismos comensais e simbiontes presentes nos
carrapatos, sendo sua biologia e seu efeito sobre os carrapatos ainda desconhecidos e
até mesmo negligenciados. Exemplos desses microrganismos sdo as bactérias dos
géneros Coxiella, Rickettsiella, Arsenophonus, Francisella, Cardinium, Spiroplasma,
Lariskella, Midichloria, Rickettsia e Wolbachia. Essa tese trata sobre as bactérias
presentes nos carrapatos ndao focando somente em patdgenos, mas na totalidade de seu
bacterioma, proporcionando tanto conhecimentos basicos como aplicados levando em
conta toda a sua complexidade, podendo servir para o desenvolvimento de estratégias
de controle e prevencdo do parasitismo por carrapatos e as doencas que eles transmitem

e que ha muito tempo afligem a humanidade.
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1.1 Introdugéo

1.1.1 Carrapatos

1.1.1.1 Aspectos paleontol6gicos e historicos

Carrapatos sdo ectoparasitos que se alimentam de sangue de vertebrados, e séo
reconhecidos como um problema mundial por sua capacidade de causar dermatoses,
anemia, toxemia, incluindo paralisia, reducdo do ganho de peso em animais de
producdo, e ainda facilitam a ocorréncia de miiases e infecgdes bacterianas secundarias.
No entanto, o problema mais importante associado a infestacdo por carrapatos é a
capacidade para transmitir agentes patogénicos como virus, bactérias, protozoarios e
nematdides a animais e seres humanos, sendo juntamente com 0s mosquitos 0s vetores
artrépodes mais importantes de doencas infecciosas (3,4).

O mais antigo registro da presenca de carrapatos data de 99 milhdes de anos
atras, de espécimes encontrados em ambar do periodo Cretdceo. Carrapatos das
espécies Cornupalpatum burmanicum da Familia Ixodidae (Figura 1) e carrapatos da
extinta familia Deinocrotonidae descritos como Deinocroton draculi gen. et sp. nov.
(Figura 2) provavelmente se alimentavam de dinossauros emplumados (5). Na familia
Argasidae, um dos fosseis mais bem conservados encontrados até hoje é de uma larva

de Carios jerseyi com data estimada de fossilizagdo em 90-94 milhdes de anos atras

(6).
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Figura 1: Carrapato Cornupalpatum burmanicum enredado em uma pena. (a)
Fotografia do pedaco de &mbar birmanés mostrando uma pena semicompleta. Barra de
escala, 5 mm. (b) Detalhe da ninfa de carrapato em vista dorsal e farpas (insercdo em
(@)). Barra de escala, 1 mm. (c) Detalhe do capitulo do carrapato (partes bucais),

mostrando palpos e hipostdmio com dentes (seta). Barra de escala, 0,1 mm. Fonte: (5).
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Figura 2: Reconstrugdo do habitus de Deinocroton draculi em um dinossauro de penas.

A reconstrucdo mostra dois machos (a esquerda) e uma fémea ingurgitada alimentando-
se (a direita). As cores dos carrapatos sdo conjeturais, mas baseadas na coloragédo

observada nos carrapatos da Familia Nuttalliellidae relacionados Fonte: (5).

Registros arqueoldgicos indicam que o0s carrapatos representam um problema
enfrentado pela humanidade desde os primoérdios das civilizagBes. Estudos em uma
mamia de cdo do Antigo Egito datada do Periodo Romano sugerem uma significante

infestacdo pelo carrapato marrom do cdo Rhipicephalus sanguineus (Figura 3) (7).
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Figura 3: A mumia do cdo. Vista de perfil do lado direito (a) e lado esquerdo (b) bem
preservados da mumia. (c) Orelha esquerda do cdo com alta infestacdo pelo carrapato

Rhipicephalus sanguineus. Fonte: (7).

No Antigo Egito, uma representacédo de um animal "semelhante a uma hiena" de

um Tebano, datado do século XV a.C., mostra trés formas semelhantes a carrapatos no
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pavilh&o auricular interno (Figura 4), sendo provavelmente a mais antiga representagéo
conhecida de carrapatos (7). Também, uma referéncia ao que poderia ser “febre do
carrapato” foi registrada em um rolo de papiro datado do século XVI a.C. (8). Esta
descricdo sugere que 0s antigos egipcios estavam perfeitamente conscientes dos

carrapatos e de seus efeitos nocivos sobre a saide humana ou animal (7).

Figura 4: Representacdo de um animal mostrando o que parecem ser carrapatos no

conduto auditivo. Tumulo de Intef, Novo Reino, Tebas, Alto Egito (Dra Abou el-Naga,

ca. 1473-1458 a.C.). Fonte: (7).

1.1.1.2 Taxonomia

Os carrapatos sdo enquadrados no reino Metazoa, filo Arthropoda, subfilo

Chelicerata, classe Arachnida, subclasse Acari, superordem Parasitiformes, ordem
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Ixodida, superfamilia Ixodoidea. A superfamilia Ixodoidea é composta por quatro
familias: Ixodidae, Argasidae, Nuttalliellidae e Deinocrotonidae (5,9).

A familia Ixodidae é composta pelos géneros Amblyomma Koch, 1844;
Anomalohimalaya Hoogstraal, Kaiser and Mitchell, 1970; Bothriocroton Keirans, King
and Sharrad, 1994; Compluriscutula Poinar and Buckley, 2008; Cornupalpatum Poinar
and Brown, 2003; Cosmiomma Schulze, 1920; Dermacentor Koch, 1844;
Haemaphysalis Koch, 1844; Hyalomma Koch, 1844; Ixodes Latreille, 1795;
Margaropus Karsch, 1879; Nosomma Schulze, 1920; Rhipicentor Nuttall and
Warburton, 1908; e Rhipicephalus Koch, 1844. A familia Argasidae é composta pelos
géneros Argas Latreille, 1795; Ornithodoros Koch, 1844; Otobius Banks, 1912;
Antricola Cooley & Kohls, 1942; e Nothoaspis Keirans & Clifford, 1975. A familia
Nuttalliellidae é composta por um Unico género Nuttalliella Bedford, 1931 (3) e a
familia Deinocrotonidae é composta pelo género extinto Deinocroton Pefialver, Arillo,
Anderson and Pérez-de la Fuente, 2017 (5). Existem em torno de 932 espécies de
carrapatos descritas no mundo, sendo que 722 pertencem a familia Ixodidae, 208 a

familia Argasidae, 1 a familia Nuttalliellidae e 1 a familia Deinocrotonidae (3,5).

1.1.1.3 Espécies presentes no Brasil

A fauna de carrapatos do Brasil é atualmente composta por 73 espécies, 47 da

familia Ixodidae e 26 da familia Argasidae (10,11). A Tabela 1 apresenta as espécies de

carrapatos com registros no Brasil.
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Tabela 1: Espécies de carrapato com registro no Brasil

Ixodida (73 espécies)
Argasidae (26 espécies)

Argas (1 espécie)
Argas miniatus

Antricola (3 espécies)

Antricola delacruzi
Antricola guglielmonei
Antricola inexpectata

Ornithodoros (21 espécies)
Ornithodoros brasiliensis
Ornithodoros capensis
Ornithodoros cavernicolous
Ornithodoros cf. clarki
Ornithodoros faccinii
Ornithodoros fonsecai
Ornithodoros guaporensis
Ornithodoros hasei
Ornithodoros jul
Ornithodoros kohlsi
Ornithodoros marinkellei
Ornithodoros mimon
Ornithodoros nattereri
Ornithodoros rietcorreai
Ornithodoros rondoniensis
Ornithodoros rostratus
Ornithodoros rudis
Ornithodoros saraivai
Ornithodoros setosus
Ornithodoros stageri
Ornithodoros talaje

Nothoaspis (1 espécie)
Nothoaspis amazoniensis

Ixodidae (47 espécies)

Amblyomma (32 espécies)
Amblyomma aureolatum
Amblyomma auricularium
Amblyomma brasiliense
Amblyomma cajennense
Amblyomma calcaratum



Amblyomma coelebs
Amblyomma dissimile
Amblyomma dubitatum
Amblyomma fuscum
Amblyomma geayi
Amblyomma goeldii
Amblyomma humerale
Amblyomma incisum
Amblyomma latepunctatum
Amblyomma longirostre
Amblyomma naponense
Amblyomma nodosum
Amblyomma oblongoguttatum
Amblyomma ovale
Amblyomma pacae
Amblyomma parkeri
Amblyomma parvum
Amblyomma pictum
Amblyomma pseudoconcolor
Amblyomma romitii
Amblyomma rotundatum
Amblyomma scalpturatum
Amblyomma sculptum
Amblyomma tigrinum
Amblyomma triste
Amblyomma varium
Amblyomma yucumense
Haemaphysalis (3 espécies)
Haemaphysalis cinnabarina
Haemaphysalis juxtakochi
Haemaphysalis leporispalustris
Ixodes (9 espécies)
Ixodes amarali
Ixodes aragaoi
Ixodes auritulus
Ixodes fuscipes
Ixodes longiscutatus
Ixodes loricatus
Ixodes luciae
Ixodes paranaensis



Ixodes schulzei
Dermacentor (1 espécie)
Dermacentor nitens
Rhipicephalus (2 espécies)
Rhipicephalus microplus
Rhipicephalus sanguineus

Fontes: (11-23).

1.1.1.4 Espécies presentes no Rio Grande do Sul

Até a data, 21 espécies de carrapatos da Familia Ixodidae e duas espécies da
Familia Argasidae tém sido registradas no estado do Rio Grande do Sul: IXODIDAE,
Amblyomma aureolatum, Amblyomma calcaratum, Amblyomma dubitatum,
Amblyomma fuscum, Amblyomma incisum, Amblyomma longirostre, Amblyomma
nodosum, Amblyomma ovale, Amblyomma parkeri, Amblyomma rotundatum,
Amblyomma tigrinum, Amblyomma triste, Amblyomma yucumense, Haemaphysalis
juxtakochi, Ixodes aragaoi, Ixodes auritulus, Ixodes fuscipes, Ixodes longiscutatus,
Ixodes loricatus, Rhipicephalus microplus, e Rhipicephalus sanguineus sensu lato; e
ARGASIDAE, Argas miniatus e Ornithodoros brasiliensis (24). Entre 2004 e 2017
foram registrados 70 casos de parasitismo humano por carrapatos no estado do Rio
Grande do Sul, com um total de 81 amostras de carrapatos coletadas. Estas incluiram
11 espécies pertencentes a trés géneros de Ixodidae, Amblyomma, Haemaphysalis e
Rhipicephalus; e um género de Argasidae, Ornithodoros. As espécies de carrapatos
mais prevalentes associadas aos casos de parasitismo humano foram Amblyomma
parkeri (24%), Rhipicephalus sanguineus sensu lato (22%), Amblyomma aureolatum

(15%) e Amblyomma ovale (12%) (24).
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1.1.1.5 O género Amblyomma

Existem 137 espécies de Amblyomma no mundo, o que representa 19% dos
Ixodidae e todos eles sdo caracterizados por um ciclo parasitario de trés hospedeiros
(3). A regido Neotropical contém o maior nimero de espécies. Carrapatos do género
Amblyomma sdo mais propensos a se alimentar de répteis do que outros ixodideos, e as
duas Unicas espécies de carrapatos duros comumente encontrados em anfibios sdo A.
dissimile e A. rotundatum. Vérias espécies dependem de aves para a manutencdo de

larvas e ninfas (3).

1.1.1.5.1 Amblyomma aureolatum

A espécie A. aureolatum (Figura 5) foi encontrada restrita a regido Neotropical.
Sua distribuicdo abrange Argentina, Brasil, Guiana Francesa, Paraguai, Suriname e
Uruguai (3,25). Os hospedeiros principais para 0s estagios imaturos e adultos de A.
aureolatum sdo, respectivamente, aves passeriformes e membros da Ordem Carnivora,
mas a variedade de hospedeiros é ampla, especialmente para carrapatos adultos (3).
Guglielmone e colaboradores (25) analisaram espécimes depositados em cole¢des de
referéncia oriundos de varios paises das Américas. A maioria dos espécimes adultos de
A. aureolatum foram obtidos de individuos da ordem Carnivora (96,1%), especialmente
de cées (53,1% ). Uma proporcao elevada (23,3%) foi coletada em canideos silvestres,
enquanto que 9,2% estavam parasitando felideos silvestres. A contribui¢do de outras
ordens de mamiferos como hospedeiros para adultos de A. aureolatum foi irrelevante.

Adultos foram encontrados ocasionalmente em hospedeiros domésticos (além do céo) e
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humanos. A maioria dos estagios imaturos de A. aureolatum foi encontrada em aves
Passeriformes (25).

A espécie Amblyomma aureolatum é um dos carrapatos do género Amblyomma
mais comuns para parasitar o cdo doméstico em areas rurais do sul e sudeste do Brasil
(26). No Rio Grande do Sul, adultos dessa espécie tem sido relatados em cdes e gatos
domésticos, em graxaim-do-mato (Cerdocyon thous) e mao-pelada (Procyon
cancrivorus) (27). Uma fémea de Amblyomma aureolatum foi encontrada em um bugio
(Alouatta guariba), em Cachoeira do Sul (28), e um macho foi encontrado parasitando
um gato-maracaja (Leopardus wiedii), na localidade de Gravatai, ambos no estado do
Rio Grande do Sul (29).

Sobreira Rodrigues e colaboradores (30) estudaram o ciclo de vida de A.
aureolatum em laboratério. O periodo de incubacdo dos ovos variou de 31 a 34 dias; 0
periodo parasitario das larvas variou de 4 a 6 dias e a ecdise das ninfas ocorreu do 19°
ao 22° dia. O periodo parasitario das ninfas variou de 5 a 8 dias e o periodo de ecdise
aos adultos de 31 a 33 dias. O periodo parasitario dos adultos variou de 11 a 15 dias, 0
periodo pré-oviposicdo de 6 a 12 dias e o periodo de oviposicdo de 9 a 38 dias. A
duracéo total do ciclo de vida variou de 116 a 168 dias.

Adultos de A. aureolatum foram registrados parasitando humanos (25). Este fato
tem relevancia, pois esta espécie de carrapato € vetor dos patdgenos humanos Rickettsia
rickettsii e Rickettsia parkeri cepa Mata Atlantica (3). De 2004 a 2014 foram
registrados 11 casos de parasitismo humano por A. aureolatum no Rio Grande do Sul
(24).

Labruna e colaboradores (31) infectaram experimentalmente carrapatos A.
aureolatum com a bactéria Rickettsia rickettsii, 0 agente etioldgico da Febre Maculosa

Brasileira (FMB). A bactéria R. rickettsii foi eficientemente conservada tanto pela
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manutencdo transestadial como pela transmissao vertical (transovariana) para 100% dos
carrapatos através de quatro geracfes em laboratério. Entretanto, um menor
desempenho reprodutivo e sobrevivéncia de fémeas infectadas foi atribuido a infeccdo
por R. rickettsii. Esses autores afirmam que devido & alta suscetibilidade de A.
aureolatum & infeccdo por R. rickettsii, o efeito deletério que a bactéria causa nesses
carrapatos pode contribuir para as baixas taxas de infec¢do (<1%) geralmente relatadas
entre as populacGes de A. aureolatum nas areas endémicas para FMB. Ogrzewalska e
colaboradores (32) encontraram uma taxa de infec¢do por R. rickettsii de 11,1% em A.
aureolatum adultos colhidos em cdes de uma &rea de Mata Atlantica endémica para
Febre Maculosa. Saraiva e colaboradores (33) demonstraram que ninfas e adultos de A.
aureolatum ndo alimentados precisavam fixar-se ao hospedeiro por mais de 10 horas
para transmitir R. rickettsii. Em contraste, carrapatos alimentados previamente
necessitaram de um minimo de 10 minutos de fixacdo para transmitir R. rickettsii aos
hospedeiros.

Carrapatos da espécie A. aureolatum também foram encontrados infectados com
Rickettsia parkeri cepa Mata Atlantica no municipio de Blumenau, Santa Catarina (34).
No mesmo municipio, Barbieri e colaboradores (35) encontraram 9,3% (4/43) dos
carrapatos A. aureolatum infectados por Rickettsia parkeri cepa Mata Atlantica.

O carrapato A. aureolatum também é um parasito comum de cées em areas rurais
e periurbanas, com capacidade de transmitir o patogeno Rangelia vitalii para os caes no
Brasil, Argentina e Uruguai (3). A espécie A. aureolatum foi capaz de adquirir e
perpetuar R. vitalii por passagens transestadial e transovariana, como demonstrado por
taxas de infeccdo de carrapatos maiores do que 5% apds a eclosdo ou muda. Quando
expostos a transmissdo alimentar, apenas os carrapatos A. aureolatum foram capazes de

transmitir R. vitalii aos caes, que ficaram gravemente doentes, em comparacao as
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espécies Rhipicephalus sanguineus sensu lato (espécies tropical e temperada),
Amblyomma ovale, Amblyomma tigrinum e Amblyomma sculptum que ndo foram

vetores competentes de R. Vitalii (36).

Figura 5: Fémea de Amblyomma aureolatum. Fonte: Arquivo pessoal.

1.1.1.6 O género Ornithodoros

Existem 126 espécies de Ornithodoros em todo o mundo, 0 que representa 61%

dos Argasidae. O ciclo de vida de muitas espécies é caracterizado por um ciclo

parasitario multi-hospedeiro, mas isso deve ser considerado com cautela, porque o ciclo

de vérias espécies permanece desconhecido (3).

1.1.1.6.1 Ornithodoros brasiliensis

A especie Ornithodoros brasiliensis, conhecida como ‘“carrapato mouro”, foi

descrita no ano de 1923, pelo professor Henrique de Beaurepaire Aragdo, com
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espécimes oriundos do municipio de Sdo Francisco de Paula, RS (37). Desde entdo, sua
distribuicdo conhecida tem sido restrita a regido dos Campos de Cima da Serra, nos
municipios de Sdo Francisco de Paula e Jaquirana (38). Este carrapato € conhecido por
ser muito agressivo ao ser humano e por causar um quadro de toxicose e severas lesdes
no local da picada. Essa espécie de carrapato possui habitos nidicolas, ou seja, vivem
enterrados na toca do seu hospedeiro ou nas suas proximidades, geralmente em grande
quantidade em um mesmo local. Seu ciclo de vida é constituido por vérias fases de
ninfa e os adultos realizam varias alimentacGes durante a vida. A alimentacdo é rapida
em comparacao aos Ixodideos, podendo durar de minutos a horas. A copula é realizada
apos as alimentacGes (Figura 6) e as fémeas ndo morrrem ap6s a oviposicdo. A
expectativa de vida dos espécimes pode chegar a décadas em condicbes de laboratorio
(38).

Evans e colaboradores (27) revisaram 0s registros presentes na literatura dessa
espécie de carrapato, onde descrevem espécimes coletados de varios tipos de habitacdes
humanas em condi¢fes precéarias e arredores e em buracos e tocas de zorrilho
(Conepatus sp.) e queixada (Tayassu tajacu), em S&o Francisco de Paula (39-42). Essa
espécie € bem documentada como abundante apenas nesta Unica e caracteristica
localizagdo climatica (Campos de Cima da Serra). Suas picadas causam irritagdo grave
aos seres humanos. Os focos deste carrapato incluem porBes de casas rasticas
abandonadas, onde os porcos domesticos e selvagens as vezes se abrigam (27).

Em 2011, Martins e colaboradores (43) relataram, depois de mais de 50 anos sem
registros cientificos, a presenca de O. brasiliensis em S&o Francisco de Paula, RS. Apos
esse registro, novos casos de parasitismo foram relatados, com a descri¢do da toxicose

causada pela picada de O. brasiliensis em animais e humanos (38,44).
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Sabe-se que o homogenato da glandula salivar de O. brasiliensis inibe a
proliferacdo endotelial, um passo crucial na cicatrizagdo de feridas (45). Além disso,
em ratos experimentalmente parasitados por O. brasiliensis, uma grande leséo
hemorréagica foi observada nos locais de fixa¢do (Figura 7), juntamente com uma
tendéncia de sangramento aumentada 6 horas ap06s a picada. Amostras de sangue de
ratos infestados apresentaram alteragdes significativas na contagem de eosinofilos,
basdéfilos, na creatina fosfoquinase (CPK), na fracdo CPK MB, na atividade da lactato
desidrogenase (LDH) e no nivel de fibrinogénio. A anélise histopatoldgica revelou
acentuada hemorragia subcuténea, edema e leve degeneracdo muscular no local da
picada. Além disso, degeneracdo muscular e necrose foram observados no miocéardio de
ratos 72 h apds as picadas (46).

Em relagdo ao ciclo de O. brasiliensis, as larvas ndo se alimentam e cinco
estagios ninfais (N1, N2, N3, N4 e N5) foram observados, sendo que a emergéncia de
adultos comecou a partir do estagio ninfal 3 (N3). A proporcdo de fémeas em relacdo
aos machos aumenta com o desenvolvimento dos estagios ninfais sendo que o estagio
ninfal 5 (N5) produz apenas fémeas. O periodo pré-ecdise das ninfas varia de 31,1 a
38,6 dias. A duragcdo média do ciclo de vida (ovo a ovo) de O. brasiliensis foi de 215,4

dias para a primeira geracao e 195 dias para a segunda (47).
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Figura 6: Ornithodoros brasiliensis copulando. Fonte: Arquivo pessoal.

Figura 7: Lesdes em ratos Wistar provocadas pela alimentacdo experimental de O.

brasiliensis. Fonte: Arquivo pessoal.
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1.1.2 Bactérias associadas a carrapatos

A colecdo de microrganismos comensais, simbi6ticos e patogénicos que ocupam
diversos nichos do nosso corpo é chamada microbioma, um termo cunhado
originalmente por Joshua Lederberg (48,49). Ao longo da histéria evolutiva dos seres
vivos, estabeleceram-se relagBes entre 0s metazoarios e pequenos ou grandes
consércios de microrganismos, que proporcionaram uma melhora na salde e
favoreceram a sobrevivéncia neste planeta (49). Os artropodes ndo sdo excecao e a
literatura é rica em exemplos de varias associa¢des artropodes-microbiota que modulam
0s aspectos essenciais do ciclo de vida dos artropodes, incluindo aptiddo reprodutiva,
sobrevivéncia e competéncia vetorial (50-52). Estima-se que a compreensdo do
microbioma de artrépodes no contexto de sua sobrevivéncia e transmissao de patdgenos
pode estimular uma nova geracdo de estratégias de controle de vetores e patégenos por
eles transmitidos (49).

A ecologia das doencas transmitidas por vetores motiva muitos estudos
microbioldgicos a partir de carrapatos, que frequentemente usam ensaios especificos
para o levantamento da presenca de patdégenos conhecidos de vertebrados. No entanto,
muitos patdgenos ndo sdo nem prevalentes na populagéo do vetor (53), nem abundantes
dentro dos carrapatos (54), podendo representar apenas uma minoria no microbioma do
parasito. Isto sugere que as interagfes entre agentes patogénicos de vertebrados e outras
bactérias mais comuns e abundantes encontradas nos carrapatos podem ser importantes
para a prevaléncia e distribuicdo de carrapatos infectados com agentes patogénicos no
ambiente. Além dos agentes patogénicos, outros microrganismos coexistem em
carrapatos, como endossimbiontes, comensais ou microrganismos adquiridos a partir do

sangue de animais hospedeiros (55,56).
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A disponibilidade de técnicas de genética molecular, tais como a Reagcdo em
Cadeia da Polimerase (PCR) e a PCR em tempo real tém aumentado o nimero de
relatos sobre a ocorréncia de uma variedade de microrganismos em carrapatos
(55,57,58), no entanto, suas interagdes bioldgicas e potencial de causar doenca em
mamiferos continuam a ser pouco compreendidas. As investigacdes sobre as
comunidades microbianas completas associadas com carrapatos até agora tém contado
principalmente com técnicas tradicionais ou moleculares de baixo rendimento, tais
como a cultura ou métodos baseados em apenas uma fragdo do microbioma (58-61).
Com o advento de técnicas como DNA metabarcoding, as limitagcGes destes métodos
foram superadas, permitindo a identificagdo de comunidades microbianas inteiras
associadas com o hospedeiro. Segundo Bacci e colaboradores (62), o bacterioma pode
ser definido como a colecdo de todos os taxons bacterianos presentes em determinada
amostra ambiental. Como resultado do répido desenvolvimento do sequenciamento de
alto rendimento, a andlise de DNA metabarcoding tornou-se uma estratégia
experimental viavel para explorar a estrutura e fungdo de comunidades microbianas.

DNA metabarcoding é um método rapido de andlise da biodiversidade que
combina duas tecnologias: taxonomia molecular e sequenciamento de DNA de alto
rendimento (63). Sendo assim, esta técnica utiliza primers de PCR universais para
amplificacdo em massa de um gene taxonomicamente informativo a partir de colecdes
de massa de organismos ou de DNA ambiental. O produto de PCR é analisado em um
sequenciador de alto rendimento e a saida € uma longa lista de sequéncias de DNA. Em
seguida, o conjunto de sequéncias ¢ agrupado em “Unidades Taxondmicas
Operacionais”, ou OTUs, cada uma das quais idealmente deve conter apenas as

sequéncias de uma espécie. Por fim, uma sequéncia representativa € tomada a partir de
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cada OTU e é atribuida uma taxonomia utilizando uma ou mais bases de dados para
comparacédo das sequéncias (Figura 8) (63).

A andlise de sequéncias de DNA codificadoras de RNA ribossdmico da
subunidade 16S (rRNA 16S) é uma abordagem que pode ser usada para detectar
bactérias ndo cultivaveis (64), podendo revelar populacdes inteiras contidas em vetores,
como os carrapatos. A combinacdo dos métodos acima, juntamente com o aumento do
nimero de dados gendmicos de agentes patogénicos transmitidos por carrapatos,
permite explorar a diversidade taxondmica de sistemas bioldgicos complexos, como 0s

carrapatos-hospedeiros-doengas vetoriais (65).
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Figura 8: Esquema do fluxo de trabalho do Sequenciamento de Nova Geracgéo para

estudar o microbioma de carrapatos. Fonte: (66).

Microrganismos que habitam carrapatos ndo sdo apenas  diversos

taxonomicamente, eles também sdo ecologicamente diversos (67). Essa diversidade é
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claramente ilustrada pelo grande painel de estratégias, selecionadas naturalmente ao
longo da evolugdo, que os microrganismos usam para infectar e persistir nas
populacbes de carrapatos. Como patégenos de vertebrados, os patdgenos transmitidos
por carrapatos normalmente se disseminam através da transmissdo infecciosa
(horizontal) através da picada do carrapato e da alimentacdo sanguinea. Alguns
patdgenos transmitidos por carrapato também podem ser transmitidos verticalmente em
carrapatos e, assim, mantidos em cada geracdo, como observado para as espécies de
Babesia (68), Rickettsia rickettsii (31) ou alguns virus (69).

Outros microrganismos de carrapatos sdo simbiontes intracelulares altamente
especializados, dependendo quase exclusivamente da transmissdo materna
(transovariana) para sua persisténcia nas populacfes de carrapatos (67). A diversidade
de microrganismos em carrapatos € ainda aumentada devido ao fato de que
microrganismos ambientais também podem colonizar carrapatos: microrganismos
presentes nas superficies de pele de vertebrados podem colonizar carrapatos durante o
repasto sanguineo, enquanto aqueles presentes no solo ou vegetacdo podem colonizar
carrapatos no chao, fora de seus hospedeiros vertebrados (49). Em geral, a diversidade
de interacGes entre microrganismos e seus hospedeiros cria uma complexa rede que
oferece excelentes oportunidades para abordar questdes sobre o impacto de
comunidades microbianas inteiras na biologia de carrapatos e, consequentemente, no

seu potencial para a transmissdo de patdgenos (Figura 9) (67).
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Figura 9: Origem e aquisicdo de microrganismos em carrapatos. Setas vermelhas:
patdgenos de vertebrados adquiridos através de picadas de carrapatos; setas azuis:
simbiontes de carrapatos herdados pela mée adquiridos via transmissdo transovariana e

transestadial; setas verdes: microrganismos adquiridos do meio ambiente. Fonte: (67).

1.1.2.1 Simbiontes

Chamamos de "simbiose" qualquer interacdo de longo prazo entre dois
organismos de diferentes espécies, sendo essa interacdo evolutivamente benéfica para
uma espécie e benéfica ou neutra para a outra espécie. No primeiro caso, a interagdo
simbidtica pode ser chamada de “mutualismo”, enquanto no segundo caso é chamada
de “comensalismo” (70). No entanto, ndo h& barreiras claras entre essas possiveis
interacOes, podendo ser modificadas com o passar do tempo. Na natureza, as espécies
ndo vivem sozinhas, mas interagem com outras, e suas interacdes podem ter um forte
impacto em suas historias evolutivas. A simbiose, amplamente definida como “viver
junto”, é hoje reconhecida como uma das principais forcas que moldam a vida em

nosso planeta, pois o destino evolutivo dos membros de uma associacdo estavel é
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mutuamente dependente, levando em alguns casos a cocladogénese (71), ou seja,
especiacdo concomitante.

Considera-se que endossimbiontes riquetsiais alterem a fisiologia do carrapato e a
transmissdo de patdgenos riquetsiais, como visto pela relacdo inversa entre a
prevaléncia de infeccdo por R. rickettsii (patogénica) e Rickettsia peacockii (simbionte)
em Dermacentor andersoni (72,73). Estas observacfes colaboram com a hipotese de
que a presenca de endossimbiontes especificos pode modular a capacidade vetorial do
carrapato (49). Noda e colaboradores (55) mostraram, usando sequenciamento de 16S
rDNA, que em Ornithodoros moubata, Rhipicephalus sanguineus e Haemaphysalis
longicornis, o simbionte bacteriano encontrado em ovarios e tubulos de Malpighi
estava intimamente relacionado com Coxiella burnetii, um patégeno de mamiferos.
Além disso, ovéarios e tubulos de Malpighi de O. moubata também abrigam um
endossimbionte intimamente relacionado com Francisella tularensis, outro patégeno de
mamiferos (49,74). Endossimbiontes Francisella-like também foram identificados em
varios carrapatos do género Dermacentor (49,75).

Zhong e colaboradores (76) demonstraram, usando antimicrobianos para eliminar
endossimbiontes dos carrapatos, que Coxiella spp. de Amblyomma americanum era
provavelmente crucial para a sobrevivéncia do carrapato. Além disso, a presenga dos
endossimbiontes Coxiella spp. nas glandulas salivares de A. americanum prejudicou a
transmissdo de patdgenos horizontalmente adquiridos tais como Ehrlichia chaffeensis
(77). A analise filogenética de Coxiella spp. isoladas de diferentes carrapatos mostrou
clados filogenéticos distintos, sendo que cada clado foi especifico para as espécies de
carrapatos, independentemente da localizacdo geogréafica (49,73).

Em Ixodes ricinus, bactérias foram observadas nas mitocéndrias de ovarios (78).

Bactérias da classe a-Proteobacteria nomeadas Midichloria mitochondrii (79)

46



colonizam a mitocéndria das células que revestem os odcitos, se propagam dentro das
membranas interna e externa da mitocondria e aparentemente consomem a organela
(49,80). Cerca de 94 a 100% das fémeas adultas de I. ricinus coletadas em campo
estavam infectadas com esta bactéria (78,81) e a taxa de transmissdo transovariana foi
de 100%. Apesar do aparente parasitismo, os odcitos se desenvolveram normalmente
em carrapatos infectados com M. mitochondrii. A distribuicdo, prevaléncia e
transmissdo transovariana deste endossimbionte em |I. ricinus sugeriu que essa
associacdo pode ser obrigatéria e tém um potencial papel no fitness do vetor.
Curiosamente, em coldnias de 1. ricinus desenvolvidas em laboratério, a prevaléncia
deste endossimbionte mitocondrial diminuiu consideravelmente (81), sugerindo que a
vantagem para o carrapato vetor pode ser revelada apenas em um ambiente de campo
(49). Carrapatos do género Ixodes, Rhipicephalus, Amblyomma, e Dermacentor
também abrigam bactérias endossimbidticas relacionadas que infectam as mitocondrias
ovarianas (56). Mais importante ainda, o endossimbionte previamente pensado como
restrito aos ovarios foi também observado nas glandulas salivares de alguns carrapatos
I. ricinus. Além disso, os seres humanos e animais picados por estes carrapatos foram
soropositivos para os antigenos bacterianos endossimbiontes (49,82,83).

Outro endossimbionte frequentemente identificado em ixodideos, incluindo |I.
ricinus, Amblyomma spp. e Dermacentor spp. € Arsenophonus-like (84-86).
Arsenophonus spp. pertence a classe y-Proteobacteria, esta amplamente distribuido em
insetos (87) e se presume estar envolvido em distorcdo de proporgdo sexual (88).
Estudos recentes também demonstram a presenca de Wolbachia spp. em 1. ricinus (89),
I. scapularis (57) e A. americanum (90).

Muitos  endossimbiontes de carrapatos  transmissiveis  verticalmente,

potencialmente por via transovariana, sdo semelhantes a patogenos transmitidos por
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carrapatos (Coxiella-like, Rickettsia-like ou Francisella-like), sugerindo que a origem
ancestral desses endossimbiontes poderia ter sido patdgenos de vertebrados adquiridos
pelo carrapato enquanto alimentava-se de um hospedeiro infectado. Sugere-se que estes
patégenos tenham evoluido ao longo de duas linhas: uma adaptada especificamente ao
ambiente do carrapato, tornando-os confinados aos tecidos do artropode e uma segunda
em que 0 microrganismo se adaptou a ambos, carrapato e hospedeiro vertebrado
(49,55).

Devemos também considerar a possibilidade de que endossimbiontes podem ter
evoluido tornando-se patdgenos virulentos de mamiferos (91). Sob condigdes que
continuam a ser ndo compreendidas, endossimbiontes comensais podem emergir como
patdgenos de vertebrados. Isto sugere que estes endossimbiontes aparentemente
benignos devem realmente ser considerados como potenciais patobiontes aguardando
um gatilho molecular, propiciando o desenvolvimento do seu potencial patogénico (49).
A presenca de endossimbiontes comensais estreitamente relacionados com bactérias
patogénicas também tem sido proposta para servir como uma barreira no hospedeiro
invertebrado contra infecgdes por estas bactérias patogénicas (73,92,93). Compreender
0s mecanismos pelos quais endossimbiontes podem oferecer essa vantagem seletiva
para hospedeiros invertebrados pode revelar novas estratégias para controlar patdogenos
transmitidos por carrapatos (49).

Em todas as espécies de ixodideos, as bactérias do filo Proteobacteria
predominam seguido por Actinobacteria, Firmicutes e Bacteroidetes. Representantes
bacterianos dos filos Acidobacteria, Cyanobacteria, Fusobacteria e TM7 também sao
observados em propor¢Ges menores em alguns estudos (94,95). Tanto bactérias
aerobias como anaerobias foram observadas, e bactérias Gram-negativas predominaram

no bacterioma de carrapatos (57). Em nivel de género, alguns membros sao
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representativos de espécies de carrapatos, independentemente das suas localizagGes
geograficas, incluindo Rickettsia sp. e Coxiella sp. em A. americanum (86,96,97) e
Rhipicephalus spp. (98); Rickettsia sp. em quase todas as espécies de Ixodes spp.
(57,58,95,99-103); e Wolbachia sp. em I. ricinus (58,100), A. maculatum e R.
microplus (94,104). Desta forma, possivelmente estas bactérias sejam endossimbiontes
obrigatorios destas espécies de carrapatos (49). No geral, além de endossimbiontes
intracelulares obrigatorios, varios géneros de bactérias sdo observados com maior
frequéncia em vérias espécies de ixodideos e incluem Pseudomonas,
Sphingobacterium, Acinetobacter, Enterobacter e Stenotrophomonas, podendo
representar microorganismos com uma maior capacidade para colonizar espécies de
carrapatos (49).

Em um estudo do microbioma de Ixodes persulcatus de areas de floresta da China
(105), foram observados mais de 200 géneros de bactérias em adultos ndo alimentados
e alimentados. Quando o sangue de ratos em que estes carrapatos foram alimentados foi
avaliado, varios géneros bacterianos encontrados em carrapatos também foram
encontrados no sangue dos hospedeiros, indicando que pelo menos alguns desses
componentes do microbioma dos carrapatos também foram provavelmente transmitidos
para o hospedeiro mamifero (105).

Zhong e colaboradores (76) demonstraram que eliminando os endossimbiontes de
carrapatos Amblyomma sp. foi observado um prolongamento do tempo para oviposicéo,
diminuigéo da eclosdo dos ovos e diminui¢do da sobrevivéncia das larvas. Além disso,
existem bactérias que podem suplementar deficiéncias nutricionais ndo supridas pelo
sangue de mamiferos, tais como o endossimbionte Wigglesworthia spp., que fornece
vitamina B para a mosca tsé-tsé (Glossina spp.) (106). Entender como o carrapato

adquire a sua microbiota e como a composi¢do do microbioma é formada a partir dos
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varios fatores ambientais e genéticos é essencial para comecar a explorar a microbiota
do carrapato, assim como para controlar a populagédo de carrapatos e inviabilizar a
transmissao de patdgenos (49).

Um dos principais endossimbiontes de carrapatos é Coxiella spp. O género
Coxiella é composto pela espécie patogénica Coxiella burnetii e por Coxiella
endossimbioente (CE). Vérias espécies de carrapatos abrigam bactérias patogénicas e
ndo patogénicas que estdo intimamente relacionadas ao género Coxiella (107). CE €
encontrada apenas em carrapatos e infecta pelo menos dois tercos das espécies (67). CE
foi identificada em carrapatos dos géneros Rhipicephalus, Amblyomma,
Haemaphysalis, Ornithodoros, Argas e Carios, sendo 0 mais comum simbionte
maternalmente transmitido (transmissdo vertical) em carrapatos (107). CE tem sido
relatada como essencial para a sobrevivéncia e reproducdo de carrapatos em A.
americanum (76). Como um simbionte obrigatdrio, CE esta, por defini¢do, presente na
maioria dos individuos de uma dada espécie de carrapato (86,108-111): assim, sua
relagdo mutualistica é necessaria para a sobrevivéncia de ambos os organismos (111).
Essas associacgdes tipicamente exibem cocladogénese estrita, resultando em filogenias
simbionte-hospedeiro congruentes, como observado recentemente entre membros do
género Rhipicephalus e suas bactérias CE associadas (111). A descoberta de CE em
nUMerosos outros grupos de carrapatos (86,96,108,109,111-114) indica que € o0
simbionte de carrapato mais difundido e biologicamente relevante. Um exame da
localizagéo intra-hospedeiro de CE revelou um pronunciado tropismo tecidual em todas
as especies de carrapatos examinados. Esse simbionte normalmente infecta os ovarios e
a parte distal dos tubulos de Malpighi, sugerindo um possivel papel na nutricdo,
osmorregulacdo ou excrecdo (77,98,108). A analise de ovos de varias espécies de

carrapatos confirmou que CE € transmitida para mais de 99% da progénie dos
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carrapatos, demonstrando transmissdo materna altamente eficiente (98,108,114).
Notavelmente, o genoma de CE codifica moléculas envolvidas nas vias principais de
sintese de vitamina B, como biotina (vitamina B7), acido félico (B9), riboflavina (B2) e
seus cofatores, que ndo sdo usualmente obtidos em quantidades suficientes a partir de
uma dieta exclusivamente sanguinea (115,116). Ao proporcionar a suplementagao
nutricional da dieta sanguinea, as bactérias CE permitiram que o0s carrapatos
utilizassem um recurso alimentar desbalanceado, 0s quais tornaram-se assim,
especialistas em hematofagia (67).

Sugere-se que os simbiontes de artropodes de heranca materna ndo possam
invadir os hospedeiros naive e evoluiram para serem dependentes de mecanismos de
transmissdo baseados através da heranca transovariana (117,118). No entanto, alguns
simbiontes de carrapatos, como certas cepas de Coxiella sp., Midichloria sp. e
Arsenophonus sp. ndo sdo totalmente dependentes de carrapatos. Em vez de
estritamente materna, sua transmissdo pode ser parcialmente horizontal, ou seja,
infecciosa, apresentando assim um risco substancial de infeccéo para vertebrados (67).
Entre estes simbiontes, CE sdo os microrganismos mais comumente encontrados em
vertebrados. De fato, relatou-se, recentemente, que CE transmitida por carrapatos causa
sintomas infecciosos leves em humanos na Europa (119). Estes microrganismos foram
detectados em amostras de biopsia de pele humana e podem ser um agente causador
comum de escaras no couro cabeludo e de linfadenopatia cervical. Infecgdes por CE
também foram ocasionalmente relatadas em aves de estimagdo, como psitacideos e
tucanos criados na Ameérica do Norte (120-122). Nestes ultimos CE pode causar doenga
fatal: aves infectadas exibiram letargia, fraqueza, emaciacdo e sinais neurologicos

progressivos por varios dias antes da morte. Por outro lado, outra CE foi identificada
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em vérias amostras de sangue de cavalos sul-coreanos mas nenhum dos equinos
apresentou sintomas aparentes de infecgéo (67,123).

A capacidade de CE de infectar vertebrados através da picada de carrapatos é
explicada, pelo menos parcialmente, pelo tropismo tecidual no corpo do carrapato.
Além dos ovarios de carrapato e dos tubulos de Malpighi, o exame dos 6rgdos internos
também revelou concentragfes substanciais de CE nas glandulas salivares de algumas
espécies de carrapatos (77,103,108) mas ndo em outros (98,124). Este tropismo de
tecido pode permitir a liberacdo de CE no vertebrado durante a picada do carrapato,
favorecendo infecgGes oportunistas (114). A probabilidade geral de tais transferéncias
de CE de carrapatos para vertebrados parece alta, pois: (i) os carrapatos séo
encontrados em todo o mundo e se alimentam de muitas espécies de vertebrados
diferentes; (ii) pelo menos dois tercos das espécies de carrapatos sdo infectados por CE;
e (iii) quando presentes em uma determinada espécie de carrapato, a CE geralmente
esta presente em quase todos os espécimes (114). No geral, estas observacdes sugerem
que, através do parasitismo por carrapatos, 0s vertebrados sdo frequentemente expostos
a CE e, provavelmente, em uma taxa mais elevada do que a de patdgenos transmitidos
por carrapatos. No entanto, apesar disso, as infeccdes por CE sdo muito raras em
vertebrados, e a maioria das cepas descritas até o momento s6 foram identificadas a
partir de carrapatos (114). Assim, sugere-se que estas bactérias representam um baixo
risco de infeccdo para os vertebrados porque 0 Seu genoma parece ser extremamente
reduzido e é desprovido de genes de viruléncia conhecidos (115,116). No entanto,
embora raras, CE tem o potencial de causar infec¢es em vertebrados e deve ser sempre
considerada em estudos futuros (67).

O género Francisella é composto por bactérias patdgenos de mamiferos e peixes

e por simbiontes de carrapatos. Nos ultimos anos, uma serie de trabalhos tém mostrado
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que Francisella endossimbionte (FE) tem importantes funcGes para a manutencdo de
fungdes vitais nos carrapatos. Em um experimento, Duron e colaboradores (125)
trataram espécimes do carrapato africano Ornithodoros moubata com antibidticos para
eliminar FE. Os antibidticos suprimiram drasticamente populacdes de FE em carrapatos
tratados e dificultaram o surgimento de fémeas adultas e diminuiram drasticamente o
surgimento de machos. As ninfas exibiram anormalidades fisicas com corpos escuros e
inflados. Este efeito do antibidtico ndo foi observado quando vitaminas do complexo B
foram adicionadas a refeicdo de sangue, demonstrando que simbiontes do género
Francisella sdo importantes fornecedores de vitaminas do complexo B para carrapatos
da espécie O. moubata. Exames posteriores de machos tratados com antibioticos e ndo
suplementados com vitaminas do complexo B mostraram que eles eram mais leves que
0s machos ndo tratados. A taxa de mortalidade observada para os carrapatos tratados
apenas com antibidticos foi de 15,8%, enquanto, nos outros grupos que ndo foram
tratados com antibidticos ou tratados com antibiéticos, mas suplementados com
vitamina B, foi menor do que 5,1%.

Bactérias FE sdo raras em carrapatos e ndao sdo encontradas em outros artropodes
(67). Os genomas de Francisella sp. do carrapato Argas persicus e de A. maculatum
contém vias genéticas completas para biossintese de biotina, &cido folico e riboflavina
(67,126,127). Cabe ressaltar que, em Francisella sp., o padrdo evolutivo é
substancialmente diferente, uma vez que a maior parte da diversidade encontrada neste
género é devida as espécies patogénicas ou oportunistas (126). Muito pouco se sabe
sobre a evolucgédo e origem de FE (111,127,128), no entanto, as poucas especies de FE
identificadas até o0 momento delineiam um unico clado monofilético que claramente se
originou de formas patogénicas (111). Curiosamente, o genoma de FE é semelhante em

tamanho aos genomas das espécies de Francisella patogénicas, mas cerca de um terco
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dos genes codificadores de proteinas sdo pseudogenes e provavelmente ndo-funcionais
(127). Isto sugere que a bactéria FE est4 passando por um processo global de reducdo
do genoma, um desenvolvimento evolutivo tipicamente observado em simbiontes de
heranca materna (117). Curiosamente, FE conservou intactos a maioria de seus genes
envolvidos na biossintese da vitamina B, destacando o papel fundamental que esses
genes desempenham na adaptacédo a vida como endossimbionte (67,127).

Gerhart e colaboradores (127), analisaram o microbioma de A. maculatum e
descobriram que FE domina o microbioma dessa espécie de carrapato. A bactéria FE
compartilha um ancestral comum recente com espécies de Francisella que sao
patogénicas para mamiferos, com a exclusdo de espécies de Francisella aquaticas que
sdo patogénicas para peixes. A bactéria FE contém versdes pseudogenizadas de varios
genes de viruléncia, incluindo genes para um Sistema de Secrecdo Tipo VI presente em
uma ilha de patogenicidade em F. tularensis e para pili Tipo 4, que séo criticos para
infeccdo de mamiferos. Esses dados indicam que o ancestral de FE foi provavelmente
um patégeno de mamiferos que continha versdes funcionais de genes de viruléncia
(Figura 10) (127).

O genoma de FE tem aproximadamente 80% do tamanho do genoma do patégeno
mamifero F. tularensis, e uma porgéo significativa (33%) de seus genes codificadores
de proteinas contém mutag6es inativadoras. O grau de evolugdo do genoma redutor em
FE € muito menor do que o que é usualmente observado em endossimbiontes de longo
prazo, como CE em A. americanum, e a presenca de grande nimero de pseudogenes
implica que a bactéria esta nos estagios iniciais da evolucao redutiva, & medida que 0s
genes supérfluos sdo primeiro convertidos em pseudogenes e, em ultima analise,
excluidos do genoma quando uma bactéria passa de um estilo de vida livre para um

estilo de vida associado ao hospedeiro (Figura 10). Alem disso, 0s genomas
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endossimbiontes tendem a apresentar uma propor¢do maior de A+T em seu genoma do
que patdgenos intimamente relacionados ou bactérias ambientais; no entanto, a
composic¢do nucleotidica (G + C%) de FE é muito semelhante a de F. tularensis (32,3%
e 31,8%, respectivamente). Essas caracteristicas indicam coletivamente que FE se
transformou recentemente em um endosimbionte (127).

Apesar desta significante quantidade de informagdes sobre a microbiota de
carrapatos, elas sdo oriundas principalmente de espécies que ocorrem na América do
Norte, Europa e Asia, sendo que, até 0 momento, existem poucas informagdes sobre
microbiomas de espécies de carrapatos que ocorrem no Brasil, um pais com 73 espécies

de carrapatos descritas, ou mesmo qualquer area da regido Neotropical.

Genes de viruléncia

Simbionte
d Francisella ancestral

ituido?
-y 5 substituido?
e
LY 4
Patégenos de mamiferos Simbiontes de carrapatos

Coxiella
Genes de viruléncia

Figura 10. Evolucdo dos patogenos de mamiferos e simbiontes de carrapatos.
Patdgenos de mamiferos podem evoluir a partir de bactérias associadas a carrapatos,
adquirindo genes de viruléncia (por exemplo, Coxiella burnetii). Por outro lado, a
evolugdo de endossimbiontes de carrapatos a partir de patdgenos de mamiferos esta

associada a perda de genes de viruléncia. Fonte: (127).
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1.1.2.2 Pat6genos

As espécies de Rickettsia sdo, tradicionalmente, divididas nos seguintes grupos:
Febre Maculosa, Tifo, Transicional e Ancestral (129). O Grupo causador da Febre
Maculosa é composto pelas espécies geralmente transmitidas por carrapatos como R.
rickettsii, agente etioldgico da Febre Maculosa Brasileira. Os principais representantes
do Grupo Tifo séo R. typhi, causadora do Tifo murino e transmitida principalmente por
pulgas, e R. prowazekii, agente etiolégico do Tifo epidémico e transmitida por pulgas e
piolhos. Fazem parte do Grupo Transicional, R. felis transmitida por pulgas e R. akari
transmitida por &caros. O grupo ancestral tem como principais representantes as
espécies ndo patogénicas ou de patogenicidade desconhecida como R. bellii e R.
canadenses (129).

No Grupo Febre Maculosa, R. rickettsii € a espécie mais patogénica para o ser
humano, sendo o agente causador da doenca conhecida como Rocky Montain Spotted
Fever nos Estados Unidos da América (EUA) e Febre Maculosa Brasileira no Brasil.
Os principais vetores de R. rickettsii nos EUA sdo Dermacentor variabilis e
Dermacentor andersoni, mas também pode ser transmitida por Rhipicephalus
sanguineus (130). No Brasil, o carrapato Amblyomma sculptum € vetor de R. rickettsii
no bioma Cerrado, enquanto que nas areas pertencentes a Mata Atlantica da regido
metropolitana de S&o Paulo, A. aureolatum atua como o principal vetor (131).

Dentro do Grupo Febre Maculosa e com importancia para o Brasil, existe ainda a
especie Rickettsia parkeri. A bactéria R. parkeri € responsavel por causar uma doenca
com sintomatologia mais branda em comparacao a rickettsiose causada por R. rickettsii,

no entanto, ndo menos importante. Trabalhos recentes comprovam que existem varias
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cepas de R. parkeri no Novo Mundo (132). A espécie R. parkeri sensu stricto (s.s.)
ocorre nos EUA, Uruguai, Argentina, Brasil, Bolivia e Peru e é transmitida por
carrapatos do complexo Amblyomma maculatum (Amblyomma maculatum,
Amblyomma triste e Amblyomma tigrinum). Ja a espécie Rickettsia parkeri cepa Mata
Atlantica ocorre no Brasil, Colombia e Belize e seus vetores sdo carrapatos do
complexo Amblyomma ovale (Amblyomma ovale e Amblyomma aureolatum). Essas
duas cepas sdo patogénicas para humanos. Outras duas cepas foram descritas, porém
com patogenicidade desconhecida: Rickettsia parkeri cepa NOD em Amblyomma
nodosum no Brasil e Rickettsia parkeri cepa Parvitarsum em Amblyomma parvitarsum
na Argentina e no Chile (132).

No Rio Grande do Sul, casos clinicos estdo relacionados com Rickettsia parkeri
cepa Mata Atlantica transmitida por A. ovale na area do bioma Mata Atlantica
(133,134) e com Rickettsia parkeri s.s. potencialmente associada a A. tigrinum e
Amblyomma dubitatum no bioma Pampa (135,136). A espécie R. parkeri s.s. também
foi encontrada em carrapatos Haemaphysalis juxtakochi no Rio Grande do Sul (137).

Outro género bacteriano transmitido por carrapatos de grande importancia como
patégeno humano € Borrelia spp. As espécies patogénicas sdo divididas em dois
grupos: o grupo da Doenca de Lyme e o grupo da Febre Recorrente. A doenga de Lyme
¢ causada por bactérias do complexo Borrelia bugdorferi sensu lato e ocorre
predominantemente em regifes temperadas do hemisfério norte, sendo causada
principalmente pela bactéria Borrelia burgdorferi sensu stricto na América do Norte e
Borrelia afzelii ou Borrelia garinii na Europa e Asia (138). As bactérias Borrelia
burgdorferi s.l. sdo transmitidas por carrapatos do complexo Ixodes ricinus. Na Europa,
o principal vetor € I. ricinus, que transmite as trés principais genoespecies patogénicas

de B. burgdorferi s.I. O carrapato Ixodes persulcatus, € encontrado no oeste da RUssia,
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nos paises balticos, partes da Finlandia, regides centrais da Russia oriental, norte da
Mongoélia, China e Japdo. Este carrapato transmite Borrelia afzelii e Borrelia garinii.
Na Europa oriental, I. ricinus e I. persulcatus se sobrepdem. Na América do Norte, 0s
principais vetores sdo Ixodes scapularis no leste e centro-oeste dos Estados Unidos e
em algumas areas no centro-sul e sudeste do Canada e Ixodes pacificus no oeste dos
Estados Unidos. Ambos os carrapatos transmitem B. burgdorferi s.s. Dentro dessas
areas amplas, a abundancia de carrapatos e a prevaléncia de infeccdo variam
amplamente e sdo influenciadas pelo microclima, a vegetacdo, a abundancia de
hospedeiros e de vertebrados reservatorios (138).

Na América do Sul o material genético de Borrelia burgdorferi sensu lato tem
sido detectado em carrapatos do género Ixodes desde 2013. No Uruguai B. burgdoferi
s.l. foi detectada em Ixodes aragaoi (139). ApGs esse relato, varios haplétipos de B.
burgdorferi s.I. foram recentemente registrados em 1. pararicinus, Ixodes cf.
neuquenensis e Ixodes sigelos e Haemaphysalis juxtakochi na Argentina (140-144).
Além disso, o DNA de Borrelia chilensis foi detectado em amostras de carrapatos
Ixodes stilesi (145,146) e Borrelia sp. em Ixodes sp. e Ixodes auritulus do Chile (147).

O grupo da Febre Recorrente (GFR), em geral, € formado por bactérias do género
Borrelia associadas a carrapatos da Familia Argasidae, porém existem algumas
excecdes como Borrelia recurrentis transmitida pelo piolho Pediculus humanus,
Borrelia miyamotoi e Borrelia lonestari associadas aos carrapatos da familia Ixodidae,
Ixodes spp. e Amblyomma americanum, respectivamente (148,149). O GFR abrange
quatro linhagens que também possuem caracteristicas ecologicas comuns, incluindo a
familia do vetor (Ixodidae ou Argasidae) e/ou distribuicdo geografica: [1] GFR do
Velho Mundo (Old-World TBRF borreliae) [2] GFR do Novo Mundo (New-World

TBRF borreliae), [3] GFR Borrelia aviaria mundialmente distribuida (Borrelia
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anserina) (the worldwide avian TBRF borreliae) e [4] GFR transmitida por carrapatos

da familia Ixodidae (HTBRF group) (Figura 11) (150).
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Figura 11: Linhagens de Borrelia do Grupo da Febre Recorrente, localizagéo

geogréfica, vetores e hospedeiros. Fonte: (150).

A grande maioria das espécies de Borrelia do GFR sdo transmitidas por

carrapatos do género Ornithodoros. Dentre as espécies de Borrelia spp. de importancia

para a saude humana que fazem parte do GFR do Velho Mundo podemos citar como

exemplos Borrelia crocidurae (1917) transmitida por Ornithodoros sonrai; Borrelia

duttonii (1906) transmitida pelo complexo Ornithodoros moubata s.l.; Borrelia

hispanica (1926) transmitida por Ornithodoros erraticus e Ornithodoros marocanus; e

Borrelia persica (1913) transmitida por Ornithodoros tholozani. J& no GFR do Novo
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Mundo temos Borrelia brasiliensis (1952) em Ornithodoros brasiliensis; Borrelia
hermsii (1942) em Ornithodoros hermsi; Borrelia parkeri (1942) em Ornithodoros
parkeri; Borrelia turicatae (1933) em Ornithodors turicata; e Borrelia venezuelensis
(1921) em Ornithodoros rudis (150).

Um outro patdgeno bacteriano importante para mamiferos é Francisella
tularensis. Essa espécie € dividida em trés subespécies clinicamente relevantes:
tularensis (tipo A), holarctica (tipo B), e mediasiatica (151,152). A subespécie
tularensis esta presente na América do Norte e é altamente virulenta para humanos e
animais. A subespécie holartica foi isolada na América do Norte e Eurésia e possui
viruléncia moderada e a subespécie mediasiatica foi isolada da Asia Central e as cepas
também exibiram viruléncia moderada (153).

A tularemia é uma doenca zoonética conhecida desde o inicio do século passado.
A doenca foi descrita pela primeira vez por McCoy em roedores em 1911 (154) e o
microorganismo causador, Francisella tularensis, foi posteriormente isolado de
esquilos (155). A primeira descri¢cdo de caso humano bacteriologicamente confirmada
ocorreu em 1914 (156). Esta espécie foi posteriormente isolada de centenas de espécies
de animais (157) e varios vetores artropodes foram identificados (158). Devido ao
amplo espectro de potenciais vetores e hospedeiros e a complexa biologia do
microorganismo causador, a compreensdo detalhada da ecologia dessa bactéria ainda
ndo esta clara e muitas questdes ainda estdo abertas em relacdo a tularemia em animais,
incluindo quais séo espécies incidentais ou de reservatério (153).

O patogeno Coxiella burnetii € o agente etiologico da febre Q, ou “query fever”,
uma zoonose descrita pela primeira vez na Australia em 1937 (159). Casos de febre Q
foram relatados em quase todos os lugares em que foram investigados, exceto na Nova

Zelandia (159). Os principais reservatérios de C. burnetii sdo bovinos, ovinos e
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caprinos. No entanto, nos ultimos anos, um nimero crescente de animais foi relatado
albergando a bacteéria, incluindo mamiferos domésticos, mamiferos marinhos, répteis,
carrapatos e aves (160). Os produtos do parto contém a maior concentracdo de
bactérias, mas C. burnetii também é encontrada na urina, nas fezes e no leite de animais
infectados (161-163). A transmissdo para o homem ocorre mais frequentemente devido
a inalacdo de bactérias em aerossois que sdo disseminadas no ambiente por animais
infectados apo6s o parto ou aborto. Surtos em larga escala podem ocorrer em nivel de
pais, o que aconteceu na Holanda entre 2007 e 2010, com mais de 4.000 casos relatados
(159). A espécie C. burnetii pode infectar uma ampla gama de hospedeiros vertebrados
e invertebrados (164-166). Além disso, a bactéria pode persistir por periodos
prolongados no ambiente, devido a um processo de pseudo-esporulacdo. Animais
silvestres também podem constituir um reservatério, conforme ilustrado por um caso de
febre Q aguda relatado apds contato com cangurus e wallabies na Austrélia (167) ou
pelo envolvimento da preguica de trés dedos em Caiena, na Guiana Francesa (168). A
bactéria C. burnetii também foi isolada em muitas espécies de carrapatos, sugerindo
que esses artropodes desempenham um papel na transmissdo da mesma. Também, foi
demonstrado que C. burnetii é capaz de crescer dentro de amebas, sugerindo uma
participacao desses hospedeiros na persisténcia ambiental da bactéria (159).

As cepas de C. burnetii foram primeiramente isoladas de carrapatos Ixodideos:
Dermacentor andersoni coletado em Montana e Haemaphysalis humerosa da Australia
(159). A hematofagia é o fator essencial para a aquisicdo de C. burnetii pelos
artropodes. Seguindo o padrao epidemiologico “classico” de infecgdes zoondticas, C.
burnetii provavelmente circula entre os animais com a ajuda de vetores artropodes
hematofagos. No entanto, em contraste com o caso da maioria das doencas transmitidas

por vetores, a presenca de um vetor artropode ndo € necessaria para a transmisséo do
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agente infeccioso do reservatorio para os mamiferos hospedeiros. Outro aspecto
importante do ciclo epizodtico de C. burnetii é a auséncia de qualquer especificidade de
vetor. Esta bactéria foi isolada de mais de 40 espécies de carrapatos ixodideos, pelo
menos 14 espécies de carrapatos argasideos e muitos outros artropodes, incluindo
percevejos, moscas e acaros (159).

Tendo em vista a grande diversidade de bactérias que os carrapatos podem
albergar e suas complexas relagbes com seus hospedeiros, torna-se necessario o
aprofundamento do conhecimento sobre a microbiota dos carrapatos a fim de gerar

novos subsidios para a prevencao e controle de doencas transmitidas por carrapatos.
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1.2 Justificativa

A incidéncia (ou deteccdo) de casos de doencas transmitidas por carrapatos esta
aumentando no estado do Rio Grande do Sul (RS). No entanto, ainda existem varias
lacunas na epidemiologia dessas doencas emergentes que necessitam ser preenchidas
pois a maioria do conhecimento sobre essas enfermidades provém de outras &reas onde
o clima, biomas, vetores e reservatorios sdo diferentes dos encontrados no RS. Por
serem doencas de baixa prevaléncia e que afetam geralmente as popula¢bes mais
pobres que vivem em &reas rurais, elas acabam sendo negligenciadas pelas politicas de
salde governamentais. Diante disso, estudos locais sdo necessarios a fim de gerar
conhecimento béasico para fundamentar planos de acdo para prevencao e controle dessas
doengas.

A espécie A. aureolatum é amplamente distribuida no RS (24,27), sendo
encontrada comumente em cédes de areas rurais e periurbanas do estado. Com o
aumento da degradacdo ambiental, as oportunidades de contato dessa espécie de
carrapato com seres humanos vém aumentando, podendo os cdes atuarem como
“hospedeiros ponte” entre os carrapatos que se encontram na mata e os seres humanos.
Existem varios registros do parasitismo humano por A. aureolatum na literatura (24,25)
e esta espécie € o vetor comprovado de patdgenos do género Rickettsia (33). Outra
especie de carrapato presente no RS é O. brasiliensis. Na regido dos Campos de Cima
da Serra, onde esta espécie € encontrada, € comum o relato de intenso parasitismo por
esta especie em moradores de areas rurais (38). Além de causar um quadro de toxicose
nos hospedeiros, Borrelia brasiliensis ja foi encontrada nesta espécie de carrapato (41).

A utilizacdo de ferramentas de analise por DNA metabarcoding propicia a

identificacdo de um grande numero de populacdes bacterianas presentes nos
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organismos vivos, sendo muitas de dificil cultivo in vitro, que sdo ou podem vir a
serem patogénicas para o hospedeiro vertebrado, incluindo o ser humano, quando este
entra em contato com o carrapato vetor. Tendo em vista a falta de conhecimento sobre a
microbiota de espécies de carrapatos do RS, espera-se com este trabalho caracterizar as
populacOes bacterianas destes ectoparasitos e também identificar possiveis patégenos
que possam ser transmitidos a humanos e animais. A analise das populagdes
microbianas presentes nos carrapatos pode fornecer informacgdes importantes para
ajudar a prevenir as doengas emergentes, avaliar 0s riscos potenciais, e entender as

interacOes entre simbiontes de carrapatos e patdgenos.
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1.3 Objetivos

1.3.1 Objetivo Geral
Investigar os bacteriomas associados a duas espécies de carrapatos encontradas

no Rio Grande do Sul.

1.3.2 Objetivos Especificos

1.3.2.1 Identificar os géneros bacterianos, incluindo aqueles com importancia
em salde publica, em carrapatos de uma espécie da familia Ixodidae e de uma espécie
da familia Argasidae.

1.3.2.2 Identificar novas areas de ocorréncia desses parasitos.

1.3.2.3 Caracterizar individualmente, através do sequenciamento de regibes
génicas especificas, possiveis patogenos identificados na anédlise de DNA
metabarcoding.

1.3.2.4 Realizar estudos sorologicos para averiguar a circulacdo desses

patdégenos em hospedeiros silvestres.
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Capitulo 2

Artigo Cientifico 1

Artigo Cientifico 2

Artigo Cientifico 3

Esta secdo esta dividida em trés artigos que compreendem a descri¢cdo do trabalho

experimental da tese desenvolvido durante o periodo de execucdo do doutorado. Os

resultados estdo apresentados na forma de manuscritos preparados de acordo com

normas de revistas cientificas internacionais.
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Artigo Cientifico 1

Molecular characterization of bacterial communities of two Neotropical tick

species (Amblyomma aureolatum and Ornithodoros brasiliensis) using rDNA 16S

sequencing

Artigo cientifico a ser submetido ao periodico cientifico Microbial Ecology publicado

pela Springer.

Fator de impacto: 3.614

Guia dos autores:

https://www.springer.com/life+sciences/microbiology/journal/248?detailsPage=pltci_1
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ABSTRACT

Ticks are one of the main vectors of pathogens for humans and animals worldwide.
However, they harbor non-pathogenic microorganisms that are important for its
survival, helping in both nutrition and immunity. Therefore, the aim of this work was to
investigate the bacterial communities associated with two Neotropical tick species of
human and veterinary potential health importance from Brazil: A. aureolatum and O.
brasiliensis. In A. aureolatum, the predominant bacterial phyla were Proteobacteria
(98.68%), Tenericutes (0.70%), Bacteroidetes (0.14%), Actinobacteria (0.13%) and
Acidobacteria (0.05%). The predominant genera were Francisella (97.01%),
Spiroplasma (0.70%), Wolbachia (0.51%), Candidatus Midichloria (0.25%) and
Alkanindiges (0.13%). The predominant phyla in O. brasiliensis were Proteobacteria
(90.27%), Actinobacteria (7.38%), Firmicutes (0.77%), Bacteroidetes (0.44%) and
Planctomycetes (0.22%). The predominant bacterial genera were Coxiella (87.71%),
Nocardioides (1.73%), Saccharopolyspora (0.54%), Marmoricola (0.42%) and
Staphylococcus (0.40%). Considering the genera with potential importance in human
and animal health which can be transmitted by ticks: Coxiella sp. was found in all
instars of O. brasiliensis; Francisella sp. in all instars of A. aureolatum and in unfed
nymphs of O. brasiliensis; and Rickettsia sp. in females of A. aureolatum from BP and
females and unfed nymphs of O. brasiliensis. These results help in the understanding of
the tick-microbiota relationship in Ixodidae and Argasidae families, as well as may
drive new studies with the focus on the manipulation of tick microbiota in order to

prevent outbreaks of tick-borne diseases in South America.
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INTRODUCTION

Microbiome is a major factor in mammalian physiology [1]. The microbiota of
mammals is associated with obesity [2], diabetes [3], cancer [1, 4], viral infection [1, 5],
multiple sclerosis [6], hypertension, chronic kidney disease [7] and other metabolic,
nervous, cardiovascular and immune diseases. These associations have been
strengthened by several lines of evidence that link the effect of the microbiota on the
physiology of mammals, mainly humans, however all metazoans have partnered with a
small or large consortia of microbes to enhance health and survival, and with ticks it is
not different [8].

Microorganisms that establish any mutualistic relationship with their hosts are
generally called endosymbionts. Endosymbioses are interactions in which a smaller
partner (the endosymbiont) lives inside the cell of a larger individual (the host) with
beneficial mutual effect, for example, the origin of mitochondria in eukaryotic cells [9],
and the Coxiella mutualist symbiont which is essential to the development of
Rhipicephalus microplus [10]. Ticks are among the main vectors of diseases for humans

and animals, but little is known about the interactions of these arthropods with their
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microbiota [11]. It is well known that the microbiota plays a key role in the physiology
of its host either by preventing infection by pathogens or by synthesis of compounds
necessary for the survival of the host organism [11, 12]. In addition to endosymbionts,
pathogens of medical and veterinary importance, such as species of the genera
Anaplasma, Borrelia, Coxiella, Ehrlichia, Francisella and Rickettsia, are present in
ticks [13]. Furthermore, it was demonstrated that arthropod microbiota can influence the
presence and transmission of mammalian pathogens. For instance, commensal and
symbiont bacteria can inhibit the infection by Plasmodium spp., Trypanosoma spp. and
Dengue virus in Anopheles spp., Glossina spp. and Aedes aegypti, respectively [14]. In
this sense, recently, several studies addressed the microbiome of ticks of medical
importance, such as Ixodes ricinus [15], Ixodes scapularis [16, 17], Ixodes pacificus
[18], Dermacentor andersoni [19,20], Amblyomma americanum [21,22], Amblyomma
maculatum [23] and Haemaphysalis longicornis [24 — 26]. In spite of the abundance of
tick species and impact of tick-borne diseases in South America, to date there is no
research on microbiome of South American native ticks.

Brazil has a tick fauna composed by 73 species, of which 47 belong to the
Ixodidae family and 26 belong to the Argasidae family [27]. Considering the Ixodidae
family, Amblyomma aureolatum tick is recognized as vector of Rickettsia Spotted Fever
Group (SFG) [28, 29] and the protozoan Rangelia vitalii [30, 31]. On the other hand,
among Argasidae ticks, Ornithodoros brasiliensis is associated to a toxicosis syndrome
in humans and animals [32, 33], and it was linked to the transmission of a Borrelia
species [34]. Therefore, the aim of this work was to investigate the bacterial
communities associated with two Neotropical tick species of human and veterinary

potential health importance from Brazil: A. aureolatum and O. brasiliensis.
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MATERIALS AND METHODS

Ethics statement

The study protocol was approved by the Committee for Animal Care and
Experimentation of IPVDF (CEUA/IPVDF 28/2014) and by Brazilian Ministry of
Environment (SISBIO 47357-3).

Ticks

From December 2014 to December 2016, A. aureolatum (Acari: Ixodidae) ticks
were collected in their natural host, free-ranging Crab-eating fox (Cerdocyon thous).
Wild canids were captured using Tomahawk live-traps in two areas of environmental
preservation from Pampa biome in the Rio Grande do Sul (RS) state, southern Brazil:
Banhado dos Pachecos (BP) in Viam&o municipality; and APA Ibirapuitd, in Santana do
Livramento municipality.

Specimens of Ornithodoros brasiliensis (Acari: Argasidae) ticks were collected at
July 2016 in their natural environment, at Atlantic rainforest biome, in Jaquirana
municipality, Southern Brazil highlands, RS. Ticks were manually collected from
sifting the soil.

After the ticks were collected, they were immediately taken to the laboratory,
washed thrice in 70% ethanol followed by a final wash using sterile ultrapure water to
remove environmental debris and disinfect the surface. Ticks were identified until
species level by dichotomous keys [35, 36]. Samples of A. aureolatum adults were
discriminated by gender (males and females), while O. brasiliensis specimens were
classified as adult males, adult females, fed or unfed nymphs.

DNA extraction, library preparation and sequencing

DNA extraction procedures were performed in a biosafety cabinet to ensure

sample protection from environmental contaminants and also protection of researchers
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from potential infectious pathogens. Genomic DNA was extracted from each individual
whole tick using the PureLink Genomic DNA MiniKit (Invitrogen, Carlsbad, CA,
USA), including a treatment with 50 pL lysozyme (20mg/mL) (Sigma-Aldrich, Dorset,
UK) at 30 min/37°C for peptidoglycan disruption. Ticks were grouped considering host
(for A. aureolatum), sex, instar and locality, as indicated in Table 1.

In order to synthesize the sequencing libraries, the V4 region of the bacterial 16S
rRNA gene was amplified according to Kozich et al. [37] and 16S Metagenomic
Sequencing Library Preparation guide of [llumina Inc.
(https://support.illumina.com/documents/documentation/chemistry_documentation/16s/
16s-metagenomic-library-prep-guide-15044223-b.pdf). Sequencing was performed on a
MiSeq (Illumina) platform using a 500-cycle v2 kit generating 250-bp paired-end reads.

Bioinformatics analysis

Raw FASTQ files were analyzed in the Mothur algorithm
(https://www.mothur.org/) and data analysis was performed in the statistical language
R. The OTUs generated were compared with the ribosomal RNA database Silva

(https://www.arb-silva.de/).

RESULTS

The mean number of raw reads obtained per sample before and after quality
control were 313,515.2 (100,548 to 765,590) and 276,052.3 (91,728 to 665,380),
respectively (Table 2).

In A. aureolatum, the predominant bacterial phyla were Proteobacteria (98.68%),
Tenericutes (0.70%), Bacteroidetes (0.14%), Actinobacteria (0.13%) and Acidobacteria
(0.05%). The predominant genera were Francisella (97.01%), Spiroplasma (0.70%),

Wolbachia (0.51%), Candidatus Midichloria (0.25%) and Alkanindiges (0.13%) (Figure
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1). Indeed, Francisella was the predominant genus in all samples of A. aureolatum. In
ticks from BP, Spiroplasma sp. was found in all samples, while in ticks from APA
Ibirapuita it was found only in one female sample and in a small proportion. On the
other hand, Wolbachia sp. was found only in samples from BP and in larger proportion
in males than females. Candidatus Midichloria sp. was also found only in ticks from
BP. Alkanindiges sp. was found only in males and Morganella sp. only in females from
BP. Rickettsiella sp. was found only in male ticks from BP. A greater amount of
unclassified Proteobacteria was found in APA Ibirapuita than in BP. Mycobacterium sp.
and Burkholderia sp. were also present in larger amount in BP collected ticks.

The predominant phyla in O. brasiliensis were Proteobacteria (90.27%),
Actinobacteria (7.38%), Firmicutes (0.77%), Bacteroidetes (0.44%) and Planctomycetes
(0.22%). The predominant bacterial genera were Coxiella (87.71%), Nocardioides
(1.73%), Saccharopolyspora (0.54%), Marmoricola (0.42%) and Staphylococcus
(0.40%) (Figure 2). In the immature instars (nymphs), Staphylococcus and Escherichia-
Shigella were present in greater numbers compared to adults. Unclassified
gammaproteobacteria was found in greater amount in unfed nymphs, while
Rickettsiella, Nitrosospira, Rubrobacter, Planctomyces and Acidibacter were present in
greater quantity in adults (males and females).

The bacterial diversity seems to be higher in the A. aureolatum samples collected
in BP compared to those from APA Ibirapuitd and there is no evident difference
between males and females (Figure 3). Since O. brasiliensis ticks were collected in only
one location, the diversity evaluation only allows a comparison among different instars,
and a greater diversity to be found in fed nymphs (Figure 3).

Considering the genera with potential importance in human and animal health

which can be transmitted by ticks: Coxiella sp. was found in all instars of O.
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brasiliensis; Francisella sp. in all instars of A. aureolatum and in unfed nymphs of O.
brasiliensis; and Rickettsia sp. in females of A. aureolatum from BP and females and

unfed nymphs of O. brasiliensis.

DISCUSSION

Ticks are one of the main vectors of pathogens for humans and animals
worldwide. However, they harbor non-pathogenic microorganisms that are important
for their survival, helping in both nutrition and immunity. Ticks depend on bacteria,
such as Coxiella-like and Francisella-like endosymbionts, that probably provide
nutrients that are lacking in their diet. In addition to endosymbionts, ticks may also
present and transmit pathogens to mammals, including Coxiella burnetii and
Francisella tularensis. However, the evolutionary relationship between endosymbiont
and pathogenic species of a same genus may be puzzling [12, 38]. Analyzing the
genome of Coxiella-like endosymbionts (CLE) of Rhipicephalus sanguineus and
Rhipicephalus turanicus, Tsementzi et al. [39] observed that both genomes encode
numerous pseudogenes, consistent with an ongoing genome reduction process.
Similarly, Francisella-like endosymbionts (FLEs) contain pseudogenized versions of
virulence genes present in F. tularensis, indicating that the common ancestor of FLEs
and mammalian pathogens was equipped to function as a pathogen [40]. In silico flux
balance metabolic analysis (FBA) revealed the excess production of L-proline for CLE
genomes, indicating a possible proline transport from Coxiella to the tick. Additionally,
both CLE genomes encode multiple copies of the proline/betaine transporter, proP gene
[39]. Moreover, FLES genomes contain intact pathways for the synthesis of several B
vitamins and cofactors lacking in vertebrate blood [40], suggesting possible symbiotic

mechanisms.
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The active search for new microorganisms harbored in ticks can collaborate to
prevent new cases of diseases, since tick-associated microorganisms of unknown
pathogenicity may be identified first, and then an association with human or animal
disease could be found [41]. For instance, Rickettsia parkeri was recovered from
Amblyomma maculatum in Texas approximately 60 years prior to the index case in
humans, only reported in 2004. In addition, the spirochete Borrelia miyamotoi, first
identified in Ixodes persulcatus in Japan, was considered as a non-pathogenic
microorganism until the first human cases reported only 15 years later [41].

In A. aureolatum ticks, the principal genus found was Francisella. It corroborates
with the results from Budachetri et al. [23] and Varela-Stokes et al. [42] that reported
Francisella as the main genus in A. maculatum (another Amblyomma species restricted
to the Americas). Additionally, the presence of Francisella sp. have been reported in
high abundance in Dermacentor species, including Dermacentor variabilis,
Dermacentor andersoni, Dermacentor hunteri, Dermacentor nitens, Dermacentor
occidentalis and Dermacentor albipictus [23, 43 — 45]. On the other hand, the most
abundant genus in Amblyomma variegatum (an Afrotropical tick species) was
Clavibacter (13.4%) in males and Borrelia (8.6%) in females [24]. In Amblyomma
testudinarium (an Oriental-Paleartic tick species) nymphs, the predominant genus was
Pseudoalteromonas (17,2%) [24]. In Amblyomma americanum (a Neartic tick species),
Coxiella was found in greater amount in nymphs (26%), while Bradyrhizobium and
Phenylobacterium were predominant in adults (28 to 45%) [46]. However, Ponnusamy
et al. [21] observed that three of the most common genera found in A. americanum were
Rickettsia, “Candidatus Midichloria mitochondrii,” and Ehrlichia, all members of the
order Rickettsiales, representing 53% (median; interquartile range, 31% to 75%) of the

reads. Trout Fryxell and DeBruyn [22] found that the most dominant OTUs were highly
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variable between specimens of A. americanum, but the most abundant (>1 % relative
abundance) across all specimens were Flavobacterium (24.4 £ 13.3%), an unclassified
Gammaproteobacteria (2.22 £ 12.4%), Rickettsia (9.1 = 14.5%), Sphingomonas (4.6 +
3.6%), Singulisphaera (1.91 + 1.81%), Hymenobacter (1.95 + 3.00%), and Bacillus
(1.86 £ 11.7%). In Amblyomma tuberculatum (a Neartic tick species), the main genera
found were Rickettsia (55,8%) and Francisella (35,2%) [47]. Budachetri et al. [48]
determined the microbiome of Amblyomma longirostre, Amblyomma nodosum,
Amblyomma maculatum and Haemaphysalis juxtakochi collected from migratory bird
species and found that the most prevalent genera observed, presenting abundance levels
above 1%, were Lactococcus, Raoultella, Wolbachia, Francisella, Propionibacterium,
Ewingella, Elizabethkingia, Rickettsia, Massilia and Methylobacterium.

Besides Francisella, the main genera found in A. aureolatum were Spiroplasma,
Wolbachia, Candidatus Midichloria and Alkanindiges. Spiroplasma is common in
arthropods (for a comprehensive review see Bonnet et al., [11], and Duron et al., [49])
and, although their effect in ticks is unknown, these bacteria showed a male-killer effect
in diverse insect species [50]. The genus Wolbachia is very common in arthropods and
is also present in ticks [11]. The effect of this genus on ticks is largely unknown, but is
responsible by reproductive alterations in many arthropods [50]. It is a facultative
mutualist (defensive symbiosis) in mosquitoes [51, 52], and an obligate symbiont in bed
bugs [53, 54]. At least in the case of Ixodes ricinus, it has been demonstrated that the
detection of Wolbachia sp. was due to a contamination by a hymenopteran parasitoid
[55]. In several ticks, Candidatus Midichloria sp. resides in high numbers in female
reproductive tissues. It lives inside tick mitochondria but its effects in tick physiology
and metabolism remains unknown [56, 57]. Nevertheless, it was recently suggested that

Candidatus Midichloria sp. may be an obligate nutritional symbiont providing B
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vitamins [49] since its genome encodes pathways for the synthesis of major B vitamins
and cofactors [57, 58]. Male 1. holocyclus ticks also appear to inherit and harbor
Candidatus Midichloria sp., however, I. ricinus males fail to establish stable bacterial
populations. In addition, Candidatus Midichloria sp. is found in I. ricinus salivary
glands from where it is introduced during feeding to vertebrate hosts, including humans.
However, the consequences of Midichloria infection in vertebrate hosts, if any, are
unknown [59 - 61]. Alkanindiges sp. is not commonly found in high proportions in
ticks, although Rhipicephalus microplus eggs have been described to present relative
abundance of 0.2% [62]. It seems, that Alkanindiges sp. are found to oilfield soils [63 —
67], patients with parotid abscess [68], bone and joint infections [69] and asthma [70],
activated sludge systems [71], tonsils of healthy pigs [72], lettuce [73, 74] and drinking
water wells [75].

To the best of our knowledge, there are very few studies on the microbiome
characterization of Argasidae ticks. Ticks of this family could exhibit characteristics
remarkable different from Ixodidae ticks, as for instance, fast feed (minutes) and long
life (some species may live for several years). They are also able to induce severe
injuries directly associated with the tick bite (tick toxicosis), may have several nymphal
stages and females do not die after oviposition [33, 76]. In Ornithodoros tholozani
collected in buffaloes from Pakistan the main genera of bacteria found were Ralstonia
(40.0%), Staphylococcus (22.8%), Enterococcus (13.9%), Saccharomonospora (4.5%)
and Bacillus (4.3%) [77]. The more predominant genera found in O. brasiliensis was
Coxiella. This bacterium also was found to be the main symbiont of Rhipicephalus spp.
[10, 78]. Guizzo et al., [10] showed that, in Rhipicephalus microplus, 99% and 98,3% of
bacteria present in eggs and larvae, respectively, were Coxiella sp. Levels of the

Coxiella sp. were affected in fully engorged females injected with tetracycline; and the
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development of larva with reduced levels of the Coxiella sp. was arrested at the
metanymph stage. In the Argasidae family, Coxiella sp. endosymbiont was found in
Carios capensis [79], Argas monolakensis [80], Ornithodoros rostratus [81] and
Ornithodoros muesebecki [82].

Besides Coxiella sp., the main genera found in O. brasiliensis were Nocardioides,
Saccharopolyspora, Marmoricola and Staphylococcus. Nocardioides is symbiont of
ants and is involved in ant—plant mutualisms [83, 84]. Nocardioides was also isolated
from the water flea Daphnia cucullata (Crustacea: Cladocera) [85]. Saccharopolyspora
was also found associated with ants [84] and was isolated from the gut of a termite
(Speculitermes sp.) [86]. Members of the genus Saccharopolyspora are a potentially
rich source of natural products, but only erythromycin, produced by Saccharopolyspora
erythraea, and Spinosad, an insecticide based on chemical compounds found in the
bacterial species Saccharopolyspora spinosa, are currently commercially available [86,
87]. The genus Marmoricola was also found in spiders from Japan [88] and ants from
USA [89]. Andreotti et al. [62] showed that the genus Staphylococcus was relatively
abundant in males (32%) and in eggs (18%) of R. microplus ticks, but not as much in
adult females (0.7%).

In our study, among the genera with potential importance in human and animal
health that can be transmitted by ticks, it is noteworthy the presence of Coxiella,
Francisella and Rickettsia. We found Rickettsia sp. in A. aureolatum, which
corroborates the studies of its importance as a vector of spotted fever in Brazil [28, 29].
We also found Rickettsia sp. in O. brasiliensis. Bacteria of the genus Rickettsia has
never been reported in O. brasiliensis or in ticks of the Argasidae family in Brazil [90].
In recent years, the number of reports of Rickettsia spp. in Argasidae has increased,

including the description of novel species of Rickettsia [77, 91 - 98]. So, tick-
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transmitted rickettsioses may be a neglected subject that may have impact on public
health, considering the amount human cases of parasitism by Argasidae, mainly by O.
brasiliensis [33, 99]. Ongoing studies may clarify the potential roles of Rickettsia spp.
in the syndrome associated with the O. brasiliensis bite.

Finally, it was not possible to detect Borrelia spp. in O. brasiliensis. Several
species of Ornithodoros (such as Ornithodoros hermsi, Ornithodoros sonrai,
Ornithodoros turicata, Ornithodoros erraticus, Ornithodoros moubata and
Ornithodoros rudis), especially those presenting public health impact, have been
associated with the transmission of Borrelia spp. belonging to the relapsing fever group
[100 - 105]. Conversely, Davis [34] reported the isolation of Borrelia sp. in samples of
O. brasiliensis. This difference corroborates the results found in this study, as we were
able to describe significant differences in the bacteriome composition within individuals
of a single species, and that gender, developmental stage, mammal host and
environment may influence it. Additionally, these data show the importance to
investigate pathogens presence specifically, since bacterial genera present in small
proportions in a sample may not appear in the analysis of rRNA 16S gene
metabarcoding [106]. Abundant bacterial endosymbionts limit the effectiveness of next-
generation 16S bacterial community profiling in arthropods by masking less abundant
bacteria, including pathogens [60]. In addition, the samples of O. brasiliensis were
collected only from one place. The presence of Borrelia spp. in samples from different
locations and using techniques presenting higher sensitivity could help to clarify this
issue [103, 105].

In A. aureolatum, the bacterial diversity was higher in samples collected in BP
compared to those from APA Ibirapuitd. BP is a wildlife conservation refuge

surrounded by small farms with stray dogs carrying ticks into and out. APA Ibirapuita
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has a very low human population and animal density in comparison of BP. In O.
brasiliensis, fed nymphs had a greater microbial diversity than unfed nymphs. This may
be due to the fact that the former enter into contact with the host's microbiota during the
blood meal. Males and females also had a lower diversity compared to fed nymphs. This
difference may be due to the fact that the adult ticks were analyzed individually and the
nymphs fed were analyzed in pools of 5 individuals and there may be variation among
specimens.

Herein, we determined, for the first time, the bacteriome of two tick species native
from Brazil. Furthermore, we were able to compare the A. aureolatum bacterial
diversity from specimens of different ecological characteristics. These results help in the
understanding of the tick-microbiota relationship in Ixodidae and Argasidae families, as
well as may drive new studies with the focus on the manipulation of tick microbiota in

order to prevent outbreaks of tick-borne diseases in South America.
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Figure captions

Figure 1. Bacterial diversity at the genus level in Amblyomma aureolatum ticks. APA:

APA do Ibirapuitd; BP: RVS Banhado dos Pachecos.
Figure 2. Bacterial diversity at the genus level in Ornithodoros brasiliensis ticks.

Figure 3. Diversity index. A. Shannon Index. B. Simpson Index.
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938  Table 1. Data about origin of the pool of ticks used in the DNA metabarcoding analysis.

NCBI
. . . . . . . taxonid Library . Number
Sample origin Biome latitude longitude Tick species of the hame Life stage Sex of ticks
tick
APA |birapuita Pampa 30°20'32.5"S  55°41'09.7"W  Amblyomma aureolatum 187763 B Adult Male 5
APA |birapuita Pampa 30°20'32.5"S  55°41'09.7"W  Amblyomma aureolatum 187763 C Adult Female 5
APA |birapuita Pampa 30°20'32.5"S  55°41'09.7"W  Amblyomma aureolatum 187763 D Adult Female 5
BaPnar;?](l?::sos Pampa 30°05'37.9"S 50°51'01.5"W  Amblyomma aureolatum 187763 E Adult Male 5
BaPnar;?](l?::sos Pampa 30°05'37.9"S 50°51'01.5"W  Amblyomma aureolatum 187763 F Adult Male 5
BaPnar;?](l?::sos Pampa 30°05'37.9"S 50°51'01.5"W  Amblyomma aureolatum 187763 G Adult Female 5
Banh

apnacice'cc’ffs Pampa 30°05'37.9"S  50°51'01.5"W  Amblyomma aureolatum 187763 H Adult Female 5
Jaquirana Atlantic rainforest 29°01'09.8"S 50°25'54.3"W  Ornithodoros brasiliensis 888526 J Adult Male 1
Jaquirana Atlantic rainforest 29°01'09.8"S 50°25'54.3"W  Ornithodoros brasiliensis 888526 K Adult Female 1
Jaquirana Atlantic rainforest 29°01'09.8"S 50°25'54.3"W  Ornithodoros brasiliensis 888526 L Adult Female 1
Jaquirana Atlantic rainforest 29°01'09.8"S 50°25'54.3"W  Ornithodoros brasiliensis 888526 M Fed nymph Immature 5
Jaquirana Atlantic rainforest 29°01'09.8"S 50°25'54.3"W  Ornithodoros brasiliensis 888526 N Fed nymph Immature 5
Jaquirana Atlantic rainforest  29°01'09.8"S  50°25'54.3"W  Ornithodoros brasiliensis 888526 P Unfed nymph Immature 15
Jaquirana Atlantic rainforest 29°01'09.8"S 50°25'54.3"W  Ornithodoros brasiliensis 888526 Q Unfed nymph Immature 15
Jaquirana Atlantic rainforest  29°01'09.8"S  50°25'54.3"W  Ornithodoros brasiliensis 888526 R Unfed nymph Immature 15
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940  Table 2. Number of reads and bacterial diversity index.
.. . . Library . Number of Number of Shannon Simpson invSimpson
Sample origin Tick species Life stage Sex reads after . . .
name raw reads . index index index
quality control

APA |birapuita = Amblyomma aureolatum B Adult Male 294424 277238 0,097180283 0,019209686 1,019585882
APA lbirapuita = Amblyomma aureolatum C Adult Female 346018 327598 0,055127549 0,013924067 1,014120674
APA |birapuita Amblyomma aureolatum D Adult Female 100548 91728 0,080087477 0,024767218 1,025396194
RVSBanhado )\ o ma aureolatum E Adult Male 318006 298018 0,752314061  0,28020152  1,389274852

dos Pachecos

RVS Banhado
Amblyomma aureolatum F Adult Male 312700 285202 1,597470598 0,561248189 2,279160929

dos Pachecos

RVS Banhado
Amblyomma aureolatum G Adult Female 144174 131514 0,11195518 0,02694269 1,027688625

dos Pachecos

RVS Banhado
Amblyomma aureolatum H Adult Female 239878 207742 2,084659654 0,694184435 3,269807541

dos Pachecos
Jaquirana Ornithodoros brasiliensis J Adult Male 148164 119234 1,116713161 0,267420311 1,365030238
Jaquirana Ornithodoros brasiliensis K Adult Female 368288 323768 1,125283115 0,25330364 1,33922674
Jaquirana Ornithodoros brasiliensis L Adult Female 429368 376904 1,046095937 0,239096409 1,314222253
Jaquirana Ornithodoros brasiliensis M Fed nymph Immature 381608 319306 1,58776802 0,392536779 1,646172909
Jaquirana Ornithodoros brasiliensis N Fed nymph Immature 234072 200520 1,581527038 0,391100196 1,642283497
Jaquirana Ornithodoros brasiliensis P Unfed nymph  Immature 346760 294182 0,611494688 0,136234093 1,157719706
Jaquirana Ornithodoros brasiliensis Q Unfed nymph  Immature 765590 665380 0,85484268 0,197547578 1,246177156
Jaquirana Ornithodoros brasiliensis R Unfed nymph  Immature 273130 222450 0,750464292 0,176728503 1,214663905
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Abstract

We report a series of clinical cases associated to the parasitism by Ornithodoros
brasiliensis tick in a group of travelers in the Caxias do Sul municipality, Southern
Brazil. These cases draw attention to underdiagnosed noninfectious syndromes caused
by ticks with restricted local distribution.

Key-words: Argasidae, Toxicosis, Mouro Tick, Caxias do Sul

INTRODUCTION

Ticks are blood-feeding parasites distributed worldwide (1). They can cause
various damage to human and animal health, pathogen transmission or by inducing
severe injuries directly associated with the tick bite (2). For instance, in North America,
Dermacentor andersoni (Ixodidae) induces cases of paralysis in humans (3), while
Ornithodoros savignyi (Argasidae) is the causative agent of a severe and often lethal
syndrome known as sand tampan toxicosis in Africa (4). However, these syndromes
seem to be associated to salivary toxins rather than some infectious agents. In Southern
Brazil, Ornithodoros brasiliensis (Argasidae) tick is also known to cause a non-
infectious syndrome which leads to systemic changes and severe lesions at the site of

the bite (5).

CASE DESCRIPTION

Here, we report a case series associated with O. brasiliensis tick parasitism
involving eight Brazilian travelers following an ecotourism trail in the Southern Brazil
highlands. Between April, 14th and 15th, 2017, they spent the night in tents in the
entrance of a cave, close to a waterfall, a tourist attraction in Caxias do Sul

municipality (29°02'35.7"S 51°01'36.4"W) (Figure 1, panel A and B). The tourists
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reported that seven people from the group woke during the night due to several painful
“bug” bites. The guide of the group photographed one of the “bugs” and collected some
specimens (Figure 1C).

About one week later, the guide (Case 1, a 48-year-old man), who reported
having been bitten approximately 50 times that night, sought medical attention at a
municipal health center in Caxias do Sul. He reported intense pruritus at the bite sites
and the formation of blisters. He was prescribed with betamethasone dipropionate
cream, topically. After two weeks, the patient reported a complete recovery. The guide
delivered the collected “bugs” to the medical center. The parasites were identified as
two male specimens of O. brasiliensis ticks (6).

Four of the other six people who were bitten sought medical attention in their
home cities. Cases 2 (a 19-year-old woman) and 3 (a 49-year-old woman) (Figure 1D)
were a daughter and mother bitten by approximately 20 ticks on their feet, legs, hands,
arms and neck. About four weeks after the episode, since the symptoms had not
disappeared, they sought medical attention. They reported a severe pruritus, erythema,
edema and blisters at the bite sites. The primary care physician at their home city told
them that the tick bites were no reason for concern. They returned several times for
consultation. Then, patients 2 and 3 received dexamethasone (IM, two doses) and
fexofenadine (oral, SID, for seven days). Due to the severity of her clinical
presentation, patient #3 also received systemic antimicrobial therapy. Both patients
reported that the lesions and symptoms remained for more than 20 weeks after the
episode. Patients 4 and 5 were a couple, a 31-year-old man and a 28-year-old woman.
He was bitten by six ticks, and she was bitten by three, both on their hands, abdomen
and neck. She noticed severe pruritus, erythema and bruises at bite sites two days after

the episode, which lasted for approximately eight weeks. Her husband noticed the
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formation of blisters and a loss of sensation around the bite site. The symptoms started
about four days after the tick bites. He sought medical attention and his physician
prescribed systemic antimicrobial therapy for six days. His symptoms disappeared after
seven weeks. All patients that sought medical attention reported that all of their doctors
said that they had never treated a victim of tick parasitism or tick-borne diseases, had
never heard about a tick bite lesion lasting for such a long time, and that tick bites were
no reason for concern.

Patient 6 was a 51-year-old man bitten by 35 ticks. He reported the formation of
painful bruises around the tick bite. The symptoms lasted for approximately four
weeks. Case 7 was an 18-year-old boy bitten by three ticks on the torso and neck. He
did not report any symptoms associated with tick bites.

About two months after the parasitism episode, we visited the local area to search
for ticks. A total of two females and eight males of O. brasiliensis were found. Ticks
and patient’s blood samples were further submitted to pathogen investigation. A set of
PCRs for Borrelia spp. and Rickettsia spp. (7,8) was performed. All samples were

negative in PCR analysis.

DISCUSSION

Locally known as “mouro tick” or “bicho mouro”, O. brasiliensis is also
designated as “ground tick” due to the habits of living buried into sand near host
inhabitations, cellars, stables and even human habitations, (9, 10). This tick species is
responsible to cause severe host reactions to tick bite, in animals (11) and humans (5).
However, to date, the salivary compounds which induces such lesions are not fully
known. It is known that O. brasiliensis salivary gland homogenates display a potent

inhibition of endothelial cell proliferation, a crucial step in wound healing (2). In
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addition, studies in experimental animals (Wistar rats) have shown changes in the
eosinophil and basophil counts, increase in creatine phosphokinase (CPK) and CPK-
MB fraction, and fibrinogen level. Morever, histopathological analysis of bitten rats
revealed edema and muscle degeneration tick attachment site. (12).

To the best of our knowledge, this tick species had never been reported
previously in the wilderness, i.e., it was only reported underneath or around human
habitations in other municipalities of Southern Brazil, Sdo Francisco de Paula and
Jaquirana (5). Herein, we reported the occurrence of O. brasiliensis in a cave from
Caxias do Sul municipality, which could be the natural habitat of this tick species, as
for other Ornithodoros species (13, 14). According to anecdotal reports from nearby
residents, they noticed that for more than 40 years have been reports of "bugs" buried in
the sand that often bite people who visit this place, indicating that the presence of ticks
in the cave is not recent.

Despite the fact that a toxicosis syndrome associated with O. brasiliensis tick
bites has been reported in retrospective studies with local inhabitants from Southern
Brazil, to date, there are no case reports describing it (5). The case series presented here
has particular importance since it occurred with travelers. Medical practitioners should
be aware that travelers, especially those returning from trails or camping, should

present syndromes only known in locally restricted regions.
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Figure caption: A) Rio Grande do Sul state, Brazil, and neighboring countries. Gray
shading indicates bodies of water; map-marker indicates the cave from Caxias do Sul
municipality. B) Cave entrance where tourists camped. C) Specimen of O. brasiliensis
found attached to the body of the case 1, collected and photographed by the patient D)
Lesions caused by the bite of Ornithodoros brasiliensis in the hand of case 3, four

weeks after tick bites.
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1 | INTRODUCTION

Summary

Spotted fevers are tick-borne diseases associated with various Rickettsia species.
Rickettsia parkeri sensu stricto (s.s.) is the agent of an emerging eschar-associated
rickettsiosis in humans from the USA and South American Pampa. Considering that
R. parkeri s.s. is restricted to Americas and the potential role of dogs in the epidemi-
ology of the disease, it is thus reasonable to hypothesize that wild canids could be
involved in the enzootic cycle of this rickettsiosis. The aim of this work was to
investigate the potential role of the wild canids from Pampa, Cerdocyon thous (crab-
eating fox) and Lycalopex gymnocercus (Pampas fox), in the ecology of R. parkeri s.s.
For that, 32 live-trapped free-ranging wild canids were sampled. Ticks were
observed in 30 of the 32 foxes. Of the 292 ticks collected, 22 (7.5%) were positive
by PCR for the presence of R. parkeri s.s. DNA. Also, 20 (62%) wild canids showed
antibodies against R. parkeri. The results suggest that wild canids are involved in the
enzootic cycle of R. parkeri s.s. in the Pampa biome and could be responsible for

pathogen (and its vectors) dispersal.

KEYWORDS
Amblyomma, Cerdocyon thous, Lycalopex gymnocercus, rickettsiosis, spotted fever, tick

incriminated as the major agent of spotted fever in the Uruguayan,
Argentinian and Brazilian Pampa (Nava et al., 2008; Venzal et al.,

Spotted fevers are tick-borne diseases associated with various Rick-
ettsia species. In the Americas, Rickettsia parkeri is the agent of an
emerging febrile eschar-associated rickettsiosis in humans (Paddock
et al., 2004). In addition to Rickettsia parkeri sensu stricto (s.s.), in last
years, R. parkeri-like agents, such as Rickettsia sp. strain Atlantic
Rainforest, have also emerged as public health issues (Spolidorio
et al,, 2010). In the USA, where approximately 40 human cases have
been reported in recent years, the main vector of R. parkeri s.s. is
the Gulf Coast tick, Amblyomma maculatum (Herrick et al., 2016;
Sumner et al, 2007). In South America, R. parkeri s.s. has been

2004; Weck et al., 2016).

In Pampa biome, the main tick vectors of R. parkeri s.s. are
Amblyomma triste and Amblyomma tigrinum (Nava et al., 2008; Ven-
zal et al., 2004; Weck et al., 2016), species traditionally found in
domestic and wild canids. Recently, in a spotted fever case reported
in the Brazilian Pampa (Weck et al., 2016), we observed that the
patient's domicile and her dogs were frequently infested by R. park-
eri-infected A. tigrinum ticks. Also, data from the literature indicates
there is a high seroprevalence of antibodies against R. parkeri in dogs
from the Pampa (Lado, Costa, Verdes, Labruna, & Venzal, 2015). The

e224 | © 2017 Blackwell Verlag GmbH
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Pampa biome, also known as Southern America Grasslands or “Cam-
pos”, lies within the South Temperate Zone and has both subtropical
and temperate climates with four well-characterized seasons and
with well-distributed rainfall throughout the year (Roesch et al.,
2009). Although the Pampa biome is frequently referred as a steppe,
the biological uniqueness of the area leads some authors to suggest
that Pampa should not be classified under the common accepted
international physiographic terms (Overbeck et al., 2007). The vege-
tation is mainly characterized by grasslands, with sparse shrub and
tree formations. The most part of Pampa’s soil shows a sandy tex-
ture due to its sedimentary rock origin (Roesch et al., 2009).
Considering that R. parkeri s.s. is restricted to Americas and the
potential role of domestic dogs in the enzootic cycle of the disease, it
is thus reasonable to hypothesize that R. parkeri s.s. should evolve in
close association with South American native wild canids, which in
turn, may serve as potential reservoirs for the pathogen and its vec-
tors. Although it has been suggested that wild carnivores could be
associated with R. parkeri in the USA (Starkey et al,, 2013), there are
no data about potential natural host(s)/reservoir(s) of R. parkeri in
South America. In the Pampa biome, the most abundant wild canids
are Cerdocyon thous (crab-eating fox) and Lycalopex gymnocercus (Pam-
pas fox). These canids, locally known as “graxaim” or “sorro”, are very
tolerant to changes in the environment, and can be found in cultivated
areas, and even in the vicinity of urbanized areas (Beisiegel, Lemos,
Azevedo, Queirolo, & Jorge, 2013; Gongalves, Quintela, & Freitas,
2014; Queirolo, Kasper, & Beisiegel, 2013). Thus, the aim of this work
was to investigate the potential role of the wild canids found in the
Pampa, C. thous and L. gymnocercus, in the ecology of R. parkeri s.s.

2 | MATERIALS AND METHODS

2.1 | Study site and capture events

From December 2014 to December 2016, wild canids were captured
in four municipalities within the Pampa biome in the Rio Grande do
Sul (RS) state, southern Brazil: Santana do Livramento (30°25'53.1"S
55°28'09.9"W), Triunfo (29°51'58.1"S 51°21'54.5"W), Viamao
(30°05'32.0"S  50°51'00.0"W) and Candiota (31°28'59.8"S
53°48'44.1"W) (Figure 1). C. thous and L. gymnocercus (Figure 2,
Panels a and b) were captured using tomahawk live-traps. Once
trapped, animals were anesthetized using an association of ketamine
(10 mg/kg) and xylazine (1 mg/kg). Then, animals underwent a physi-
cal examination and collection of blood samples and ticks. Blood
samples were collected by a single jugular vein puncture, using vac-
uum blood collection system and plastic tubes containing EDTA (ap-
proximately 4 ml blood) and serology tubes without anticoagulant
(approximately 2 ml blood). Total blood and serum samples were
stored at —20°C for further analysis. Ticks were manually collected
from animals and immediately placed in ethanol. After full recovery
from anaesthesia, animals were released at the site of capture. The
study protocol was approved by our Committee for Animal Care and
Experimentation (CEUA/IPVDF 28/2014) and by Brazilian biodiver-
sity authorities (SISBIO 47357-3).

-;[r’uh-,lx-.,l dary and Emigg8

2.2 | Blood tests and detection of antibodies
against Rickettsia spp.

Blood samples were submitted to haematological analysis in an
automated veterinary haematology analyzer (Bio-1800 Vet®,
Bioeasy Diagnostica S/A, Belo Horizonte, Brazil). The following
parameters were analysed: red blood cells (RBC) count, haemo-
globin (Hb), packed cell volume (PCV) and white blood cells
(WBC) count. The reference values were obtained from Mattoso,
Catenacci, Beier, Lopes, and Takahira (2012). Serum samples of
wild canids were tested individually for the presence of antibod-
ies against Rickettsia spp. by indirect immunofluorescence assay
(IFA), as previously described (Labruna et al., 2007). As the anti-
gen, five Rickettsia isolates from Brazil were used: Rickettsia park-
Rickettsia Rickettsia
rhipicephali and Rickettsia bellii. Samples that reacted at the

eri,  Rickettsia rickettsii, amblyommatis,
screening dilution (1:64) were then titrated using serial 2-fold
dilutions to determine endpoint titres. Reactions were performed
using fluorescein-conjugated anti-dog IgG (Sigma-Aldrich, St.
Louis, MO, USA). For all reactions, negative and positive controls
were included on each slide. Positive control sera were obtained
from experimentally Rickettsia-infected dogs (Piranda et al., 2008);
and negative controls were obtained from specific pathogen-free

Beagle dogs.

2.3 | Ticks and molecular detection of Rickettsia
spp.

Ticks were identified by morphologic dichotomous keys (Barros-
Battesti, Arzua, & Bechara, 2006; Martins, Onofrio, Barros-Battesti,
& Labruna, 2010). Parasitism prevalence and mean parasite abun-
dance, and their respective confidence intervals, were calculated
using the online tool QPweb (the web version of Quantitative
Parasitology 3.0 software, available at www2.univet.hu/qpweb/
qpl0/). Ticks and fox blood samples were individually subjected
to DNA extraction using the PurelLink Genomic DNA MiniKit
(Invitrogen, Carlsbad, CA, USA). DNA from ticks or blood samples
was screened for Rickettsia spp. using a PCR assay for a 401 bp
fragment of the citrate synthase (gltA) gene (Labruna et al., 2004),
and positive samples were further tested for a 617 bp fragment
of ompA from the spotted fever group (SFG) Rickettsia spp. (Regn-
ery, Spruill, & Plikaytis, 1991). Positive samples were further anal-
ysed by PCR amplification of htrA fragment (549 bp; Labruna
et al, 2004). Sequencing of PCR products from ompA and htrA
was performed, and sequence comparisons were carried out using
the BLAST algorithm.

3 | RESULTS

Of the 32 wild canids sampled, 27 were C. thous and five were
L. gymnocercus. Only C. thous individuals were captured in the Tri-

unfo, Santana do Livramento and Viamao municipalities, two in the
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first municipality and 11 in each of the latter two. Candiota was the

only municipality in which L. gymnocercus was captured, resulting in
five individuals and three additional C. thous specimens. All animals
trapped were clinically healthy.

Ticks were observed attached (Figure 3, Panel a) in 30 of the 32
sampled wild canids (93.8% parasitism prevalence, Cl 95% = 79.2—
99.2). Only one C. thous and one L. gymnocercus from Candiota were
not parasitized by ticks. Parasite infestation ranged from O to 29
ticks per fox (mean parasite abundance = 9.12; Cl 95% = 6.62-12).
The following ticks were recorded: 197 Amblyomma aureolatum,
seven A. tigrinum, four A. triste, one Amblyomma dubitatum, 51
Amblyomma spp. larvae and 32 Rhipicephalus microplus. In one
C. thous, we recorded an eschar at the tick (A. aureolatum) attach-
ment site (Figure 3, Panel b).

Of the 292 ticks collected, 22 (7.5%) were positive in all PCR
analyses for Rickettsia spp. Twenty A. aureolatum ticks from crab-

Rio Grande do Sul

Santa Catarina - Brazil

FIGURE 1 Setting for investigation of
Rickettsia parkeri sensu stricto in wild
canids from Brazilian Pampa. Rio Grande
do Sul state, Brazil, and neighbouring
countries. Light grey shading indicates the
Pampa biome; dark grey shading indicates
bodies of water; foxes indicate the sites of
capture, as follows: (1) Santana do
Livramento, (2) Candiota, (3) Triunfo and
(4) Viamao municipalities

FIGURE 2 Wild canids sampled in this
study. Panel a, Cerdocyon thous (crab-
eating fox). Panel b, Lycalopex gymnocercus
(Pampas fox)

eating foxes (15 from Santana do Livramento and five from Triunfo)
and two A. tigrinum (one in a crab-eating fox and one in a Pampas
fox) from Candiota were positive for Rickettsia spp. Blood samples
of foxes were negative in all PCR analyses for Rickettsia spp. All
sequences obtained from ompA and htrA rickettsial genes were
identical and showed 100% identity to sequences from the R. park-
eri s.s. clone RS (GenBank accession no. KX196265.1 and
KX196266.1, respectively), which was previously detected in A. ti-
grinum ticks from dogs of an area endemic for spotted fever in the
Brazilian Pampa (Weck et al., 2016). The infection rate of R. parkeri
in ticks from wild canids was 10% for A. aureolatum and 28% for
A. tigrinum.

Three of four regions investigated presented wild canids har-
bouring ticks positive for R. parkeri, and among the 32 wild
canids sampled, 11 (34%) showed at least one tick positive for
R. parkeri. Twenty-seven (84.3%) sera of wild canids tested by
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FIGURE 3 Ticks identified in wild
canids from Brazilian Pampa. Panel a,
Amblyomma aureolatum male tick attached
near to the left eye of a crab-eating fox.
Panel b, A. aureolatum male tick attached
at the abdomen of a crab-eating fox. Note
the eschar at the tick attachment site

IFA were positive for the presence of antibodies against Rick-
ettsia spp. (titre > 1:64). Among these animals, 20 (74% of
seropositive) showed a higher antibody titre against R. parkeri
than against other rickettsial species. Despite the well-known
cross-reactivity between Rickettsia species in serology tests, 11
canids showed antibody titres to R. parkeri that were more than
4-fold higher than endpoint titres to any other rickettsial antigen
tested. Table 1 summarizes the information on the sampled wild
canids, and the results of serology tests and of PCR analysis.
Table S1 shows the results of antibody titration of each sampled
animal against all antigens tested, as well as, the geometric mean
titres (from each capture site) for each antigen tested. The aver-
age values of haematological parameters from sampled foxes
were as follows: RBC 4.61 x 106/p|; Hb 12.92 g/dl; PCV 39.8%;
WBC 15.11 x 10%/ul. No animal showed abnormalities in haema-
tological parameters in comparison with reference values. There
was no difference between the average values of haematological
parameters of seropositive and seronegative foxes (p > .05).

4 | DISCUSSION

Tick-borne diseases cannot be understood unless under the umbrella
of one health approach (Oura, 2014), as it is directly associated with
human, (wild and domestic) animals and the environment. Moreover,
the risk of tick-borne diseases seems to be linked with some human
activities, such as hunting and eco-tourism, as well as, the expansion
of cites over wilderness areas (Bayles, Evans, & Allan, 2013;
Bermudez et al., 2016). These activities also increase the odds for
contact between domestic and wild animals and create opportunities
for parasites/pathogens exchange. In this sense, it is noteworthy that
the majority of spotted fever cases in Rio Grande do Sul state, only
part of Brazil located in the Pampa biome, occurred in people
involved in illegal hunting using dogs (unpublished data kindly pro-
vided by Centro Estadual de Vigilancia em Saude—CEVS, State
Health Department).

Despite the recent emergence of R. parkeri s.s. as the princi-
pal agent of spotted fever in the South American Pampa (Nava
et al., 2008; Romer et al., 2011; Venzal et al., 2004; Weck
et al, 2016, 2017), there is no epidemiological information

concerning its potential natural host(s). Previous studies of

R. parkeri rickettsiosis in the South American Pampa biome
found that domestic dogs had a high frequency of R. parkeri-
infected ticks and antibodies against R. parkeri. Moreover, in
these areas, R. parkeri-infected ticks found in dogs belong to
those tick species classically associated with wild carnivore
hosts, particularly wild canids (Lado, Castro, Labruna, & Venzal,
2014; Weck et al., 2016).

Here, we report that the majority of wild canids from different
sites of the Pampa biome showed high antibody titres against
R. parkeri and that at least one-third of them were carrying R. park-
eri-infected ticks. Concerning the potential role of wild canids as
reservoirs of R. parkeri s.s. in the South American Pampa, we must
take into account that the fox species investigated are as follows: (i)
highly abundant in the Pampa (Beisiegel et al., 2013; Gongalves
et al., 2014; Queirolo et al., 2013); (ii) well adapted to live in habitats
changed by humans and domestic animals (Beisiegel et al., 2013;
Gongalves et al., 2014; Queirolo et al., 2013); and (iii) are frequently
parasitized by ticks already associated with spotted fever (Evans,
Martins, & Guglielmone, 2000). Based on the above observations
and the data reported here, it is plausible that wild canids are
involved in the enzootic cycle of R. parkeri and have an important
role in the dispersal of the ticks infected by R. parkeri in the Pampa
biome.

We also report the detection of R. parkeri s.s. in A. aureolatum
for the first time, a tick species widespread in Brazil, and previously
associated with other spotted fever pathogens, such Rickettsia rick-
ettsii and Rickettsia parkeri-like strain Atlantic Rainforest (Medeiros
et al., 2011; Szabd, Pinter, & Labruna, 2013). So, these results place
A. aureolatum tick as a vector species associated with the major
distinct spotted fever pathogens involved in cases of spotted fever
in Brazil.

Given that wild and domestic canids share habitats and ticks, we
must also consider the potential role of domestic dogs in the epi-
demiology of R. parkeri in the Pampa. Indeed, as a part of another
study using camera-traps in the same locality studied here (Santana
do Livramento), we registered domestic and wild canids sharing the
same habitat (Figure 4). Thus, domestic dogs can act as bridge-hosts
(Sepulveda et al., 2014), that is they carry the infected vector from
the habitat of the natural host (foxes) to the habitat (houses) of the
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TABLE 1 Wild canids sampled, serology tests and PCR analysis

Wild canids spe-

Capture site cies Sample Sex Age
Santana do C. thous C3 Male Adult
Liviamento C. thous C5 Male Juvenile
C. thous Cé Male Juvenile
C. thous Cc7 Female Juvenile
C. thous c8 Female Adult
C. thous ce Male Adult
C. thous C10 Female Adult
C. thous C11 Male Adult
C. thous Cc12 Male Adult
C. thous C13 Male Adult
C. thous Clé6 Male Adult
Triunfo C. thous C14 Male Adult
C. thous Ci15 Male Adult
Viamao C. thous Cc17 Male Adult
C. thous C18 Male Senile
C. thous C19 Female Senile
C. thous Cc20 Male Juvenile
C. thous c21 Male Adult
C. thous Cc22 Male Adult
C. thous C23 Female Adult
C. thous C24 Male Juvenile
C. thous C26 Female Juvenile
C. thous c27 Male Senile
C. thous Cc28 Female Juvenile
Candiota C. thous Cc29 Female Juvenile
C. thous Cc31 Male Adult
C. thous Cc37 Male Adult
L. gymnocercus C30 Female Adult
L. gymnocercus C32 Male Adult
L. gymnocercus C34 Female Adult
L. gymnocercus Cc38 Female Adult
L. gymnocercus C39 Male Adult

NR, Non reactive.

susceptible population (humans). In this context, both wild and
domestic canids may serve as sentinels in future epidemiological
studies on R. parkeri s.s. and spotted fever in the South American
Pampa.

The results showed that Rickettsia spp. could infect and circulate
among the great part of wild canids from Pampa. Also, antibody
titres indicated that R. parkeri s.s. is the most prevalent Rickettsia
species among sampled foxes. In addition, that both crab-eating fox
and Pampas fox can harbour tick species associated with spotted
fever, at least one-third of them carry R. parkeri-infected ticks. Thus,
the results suggest that wild canids are involved in the enzootic

Rickettsia serology

Species with the highest Antibody Rickettsia PCR-positive
titre titre ticks

R. parkeri 2,048

R. parkeri/R. rickettsii 64 1 A. aureolatum (R. parkeri)
R. parkeri 16,384 —

NR — 2 A. aureolatum (R. parkeri)
R. parkeri 16,384 3 A. aureolatum (R. parkeri)
R. parkeri 512 2 A. aureolatum (R. parkeri)
R. parkeri 4,096 1 A. aureolatum (R. parkeri)
R. parkeri/R. rickettsii 256 —

NR — 1 A. aureolatum (R. parkeri)
R. parkeri/R. rickettsii 256

R. parkeri 2,048 5 A. aureolatum (R. parkeri)
R. parkeri/R. rickettsii 128 1 A. aureolatum (R. parkeri)
R. rickettsii 2,048 4 A. aureolatum (R. parkeri)
R. parkeri 256 —

R. parkeri 8,192 —

R. parkeri 4,096 —

R. parkeri 128 —

NR — —

R. parkeri 1,024 —

R. parkeri 16,384

R. parkeri 64

R. parkeri 512 —

R. parkeri 1,024 —

NR — —

R. rhipicephali 256 —

R. parkeri 256 —

R. parkeri/R. rhipicephali 8,192 1 A. tigrinum (R. parkeri)

R. parkeri 8,192 —

R. parkeri 512 —

R. parkeri 16,384 —

R. parkeri 2,048 1 A. tigrinum (R. parkeri)
NR — —

cycle of R. parkeri s.s. in the Pampa biome and could be responsible

for pathogen (and its vectors) dispersal.
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Supplementary Table 1: Antibody titers for Rickettsia spp. in free-ranging wild canids from southern Brazil.

Capture site

Wild canids species

Sample

Sex

Age

Antibody titer

R. parkeri  R.rickettsii R. amblyommatis R. rhipicephali R. bellii
C. thous C3 Male Adult 2048 512 512 128 NR
C. thous C5 Male  Juvenile 64 64 NR NR NR
C. thous C6 Male  Juvenile 16384 4096 8192 4096 1024
C. thous c7 Female Juvenile NR NR NR NR NR
C. thous C8 Female  Adult 16384 2048 2048 256 NR
Santana do Livramento C. thous C9 Male Adult 512 64 256 NR NR
C. thous C10 Female Adult 4096 128 64 512 64
C. thous Cl1 Male Adult 256 256 64 128 NR
C. thous C12 Male Adult NR NR NR NR NR
C. thous C13 Male Adult 256 256 64 64 NR
C. thous C16 Male Adult 2048 512 NR 512 NR
Geometric mean (n =11) 1290.15 348.36 344.55 312.06 256
Triunfo C. thous Cl4 Male Adult 128 128 NR NR NR
C. thous C15 Male Adult NR 2048 NR 512 NR
Geometric mean (n =2) 128 512 - 512 -
C. thous C17 Male Adult 256 128 128 64 NR
C. thous C18 Male Senile 8192 512 256 512 NR
C. thous C19 Female  Senile 4096 128 256 2048 NR
C. thous C20 Male  Juvenile 128 64 NR NR NR
C. thous c21 Male Adult NR NR NR NR NR
Viamao C. thous C22 Male Adult 1024 256 512 512 256
C. thous C23 Female  Adult 16384 256 512 2048 NR
C. thous C24 Male  Juvenile 64 NR NR NR NR
C. thous C26 Female Juvenile 512 256 256 256 NR
C. thous Cc27 Male Senile 1024 128 NR NR NR
C. thous C28 Female Juvenile NR NR NR NR NR
Geometric mean (n =11) 948.09 181.01 287.35 512 256
C. thous C29 Female Juvenile 128 128 128 256 NR
C. thous C31 Male Adult 256 NR NR NR NR
C. thous C37 Male Adult 8192 512 512 8192 NR
Candiota L. gymnocercus C30 Female  Adult 8192 256 512 512 NR
L. gymnocercus C32 Male Adult 512 64 NR NR NR
L. gymnocercus C34 Female  Adult 16384 4096 8192 2048 NR
L. gymnocercus C38 Female  Adult 2048 128 256 512 NR
L. gymnocercus C39 Male Adult NR NR NR NR NR
Geometric mean (n =8) 1680.04 287.35 588.13 1024 -
GEOMETRIC MEAN (n = 32) 1139.23 278.20 376.25 512 256

NR: not reactive at a serum dilution of 1:64
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3.1 Consideragdes finais

Doencgas vetoriais sdo temas extremamente complexos de serem estudados a
medida que abrangem as interrelacbes de organismos diversos como patdgenos
(protozoérios, bactérias ou virus), vetores (artropodes, moluscos) e hospedeiros
vertebrados (mamiferos, aves, répteis, anfibios e peixes). Essas relagdes nem sempre
sdo tdo claras e muitas vezes outros atores estdo envolvidos, como por exemplo,
bactérias que desenvolvem uma relacéo de simbiose com os vetores e podem impedir a
infeccdo do vetor pelo patdgeno. Sobre essas relacdes entre organismos podemos dizer
que datam dos primérdios da vida na terra e foram de fundamental importancia para a
evolucdo das espécies que conhecemos hoje. Essas relacbes estdo sempre em
transformacdo, sendo que patégenos podem evoluir para simbiontes e o oposto também
pode ser verdadeiro (127). Ao longo da histéria evolutiva dos seres Vivos,
estabeleceram-se relagcdes entre 0s metazoarios e pequenos ou grandes consorcios de
microrganismos, que favoreceram a sobrevivéncia neste planeta. A literatura é rica em
exemplos de vérias associacdes entre artropodes e microbiota que modulam aspectos
essenciais do seu ciclo de vida, incluindo aptiddo reprodutiva, sobrevivéncia e
competéncia vetorial (49).

Geralmente, simbiontes sdo encontrados em grandes quantidades e séo
transmitidos para os descendentes por via transovariana em grande propor¢do. Sabe-se
que alguns simbiontes sdo responsaveis pelo efeito “male-killer”, ou seja, a morte dos
machos da progénie. Também séo responsaveis por produzir compostos ndo adquiridos
pela dieta como, por exemplo, vitaminas do complexo B para artrépodes hematdfagos,
pois 0 sangue de vertebrados € pobre nestes compostos. Varios patdgenos de

vertebrados causam também um efeito deletério no artrépode vetor. Simbiontes também
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podem atuar como competidores pelos sitios de infecgcdo no artrépode colaborando para
a resisténcia do artropode a infecgdo pelo patdgeno (67).

O conhecimento da composi¢do da microbiota dos artropodes vetores e dos
beneficios que os simbiontes proporcionam a estes pode colaborar para no futuro
desenvolvermos métodos de controle dos artropodes baseados no ataque a sua
microbiota, indispensével para sua sobrevivéncia. Essa pode ser uma estratégia
alternativa, visto a crescente selecdo de vetores resistentes aos tratamentos quimicos
convencionais (169). Guizzo e colaboradores (107) mostraram que o tratamento de
Rhipicephalus microplus com antimicrobianos causou a morte de Coxiella
endossimbionte nos carrapatos e consequentemente a incapacidade dos carrapatos em
completar seu ciclo evolutivo. Dessa forma, nos determinamos aqui o microbioma de
duas espécies de carrapatos neotropicais de importancia em Saude Publica e Veterinaria,
Amblyomma aureolatum e Ornithodoros brasiliensis.

O carrapato A. aureolatum pode atuar como vetor de Rickettsia rickettsii e outras
espécies de Rickettsia ja foram encontradas infectando essa espécie, tal como R. parkeri
cepa Mata Atlantica (33,35). A espécie A. aureolatum também é o vetor do protozoario
R. vitalii, que causa a doenga conhecida como Rangeliose em cdes em alguns paises da
America do Sul (36). A bactéria Francisella sp. foi o principal género bacteriano
encontrado em A. aureolatum. Esse género é conhecidamente o principal
endossimbionte em outras espécies de carrapatos como A. maculatum e Dermacentor
spp. (94,170) e estudos demonstram que ele possa ter evoluido do patdgeno Fracisella
tularensis através de um processo de evolucdo redutiva (127). Endossimbiontes do
género Francisella sdo importantes para a fisiologia do carrapato pois seu genoma
contém vias intactas para a sintese de varias vitaminas do complexo B e cofatores

ausentes no sangue de vertebrados (171).
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Na anélise do microbioma de A. aureolatum também encontramos sequéncias de
DNA de bactérias do género Rickettsia. Aprofundando as analises sobre esse género
determinamos a presenca do DNA de Rickettsia parkeri s.s. e encontramos altos titulos
de anticorpos nos hospedeiros naturais, canideos silvestres das espécies Cerdocyon
thous e Lycalopex gymnocercus, demonstrando possiveis reservatorios desse patdgeno
no bioma Pampa brasileiro. O patdgeno R. parkeri s.s tem sido associado a casos de
Febre Maculosa no bioma Pampa e no estado do RS ja foi encontrado em Amblyomma
tigrinum, Amblyomma dubitatum e Haemaphysalis juxtakochi (135-137). Esta espécie
de Rickettsia parece estar amplamente distribuida no bioma Pampa, porém nunca havia
sido encontrada em carrapatos da espécie A. aureolatum. Esse achado, somado as
evidéncias soroldgicas, demonstra que canideos silvestres podem atuar como
reservatorios de R. parkeri s.s. no bioma Pampa do RS e que os carrapatos que
parasitam esses carnivoros podem atuar como vetores desse patdgeno para humanos.

O carrapato Ornithodoros brasiliensis é uma espécie com registros apenas para o
Brasil, no estado do Rio Grande do Sul na Regido dos Campos de Cima da Serra nos
municipios de S&o Francisco de Paula e Jaquirana (38). Esta espécie possui importancia
pois um quadro de toxicose causado pelo parasitismo desse carrapato ja foi descrito em
humanos e animais (38,44). O principal género bacteriano encontrado em O.
brasiliensis foi Coxiella. Esse género infecta pelo menos dois tercos das espécies de
carrapatos (67) e foi identificado em carrapatos dos géneros Rhipicephalus,
Amblyomma, Haemaphysalis, Ornithodoros, Argas e Carios, sendo 0 mais comum
simbionte maternalmente transmitido em carrapatos (107). O genoma de Coxiella
endossimbionte mostrou codificar vias principais de sintese de vitamina B, como biotina
(vitamina B7), acido folico (B9), riboflavina (B2) e seus cofatores, que ndo sao

usualmente obtidos em quantidades suficientes a partir de uma dieta exclusivamente
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sanguinea. A analise do genoma de Coxiella endossimbionte de Rhiphicephalus spp.
revelou o excesso de producdo de L-prolina, indicando um possivel transporte de
prolina de Coxiella sp. para o carrapato. Adicionalmente, o genoma de Coxiella sp.
codifica multiplas copias do transportador de prolina/betaina, gene proP indicando um
possivel mecanismo de simbiose (172).

No nosso trabalho também ampliamos a distribuicdo conhecida de Ornithodoros
brasiliensis para o0 municipio de Caxias do Sul, o segundo municipio mais populoso do
RS, e registramos o parasitismo humano em um grupo de turistas que praticavam trilhas
pelas matas do municipio. Esse também foi o primeiro registro de Ornithodoros
brasiliensis em cavernas, fato que contribui para o entendimento da eco-epidemiologia e
historia evolutiva dessa espécie de carrapato.

Por fim, os resultados encontrados aqui contribuem para o entendimento da eco-
epidemiologia das relacdes entre bactérias e carrapatos de interesse em satde publica no
Rio Grande do Sul. Espera-se que a caracterizacdo da microbiota dessas espécies de
carrapatos aliada a pesquisa de patdgenos nesses vetores possa auxiliar no
desenvolvimento de novas pesquisas a fim de prevenir as doengas transmitidas por

vetores no estado e a entender a histdria natural desses parasitos.
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“Candidatus Rickettsia asemboensis” is an obligate intracellular bacterium of the Rickettsiales order, genet-
ically related to species belonging to the Rickettsia felis group, agents of flea-borne spotted fever. Here
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1. Introduction

Rickettsia felis and related Rickettsia species are worldwide
distributed emerging pathogens. Recently, there is an increas-
ing number of reports around the world implicating these agents
as a human pathogens, The syndromes associated to R. felis and
its related species are also referred as flea-borne spotted fever
(Angelakis et al., 2016).

“Candidatus Rickettsia asemboensis” is a recently described bac-
terium of the Rickettsiales order. It is genetically closely related
to the human pathogen Rickettsia felis, and it has been found in
endemic areas of flea-borne spotted fever (Jiang et al., 2013). Until
now, it was only described infecting fleas associated to domestic
animals, rodents and from human households, such as Xenopsylla
cheopis, Synosternus cleopatrae, Pulex irritans, Ctenocephalides felis
and Ctenocephalides canis. In addition to the site of first descrip-
tion (Asembo, Kenya), this microorganism has been additionally
reported in South Africa, Israel, Ecuador, Colombia and United
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States (Jiang et al., 2013; Oteo et al., 2014; Rzotkiewicz et al., 2015;
Faccini-Martinez et al,, 2016; Billeter et al., 2016; Kolo et al., 2016).
According to the concept used for novel/unclassified Rickettsia
spp., the potential of unknown or novel bacterial species as disease
agents is never ruled out when other species from the same genus
are pathogenic, particularly for vector-borne organisms (Labruna
et al., 2007). In recent decades, diseases associated with rickettsial
bacteria are considered as emerging and re-emerging diseases
worldwide, particularly for those species belonging to the Spot-
ted Fever Group (which includes R. rickettsi and R. parkeri) and
Transitional Group Rickettsia (which includes R. felis and “Ca. R.
asemboensis™) (Parola, 2011; Sahni et al., 2013). Here, we report
the detection of “Ca. R. asemboensis” for the first time in Brazil.
Moreover, it is the first evidence of “Ca. R. asemboensis” in ticks.

2. Materials and methods

From February to March 2015, we performed tick collections on
stray dogs from Tapes municipality (30°40'25"S 51°23'56“W), Rio
Grande do Sul state, Southern Brazil. This area was chosen because
cases of fever of unknown origin were recently reported, including
one suspected human spotted fever fatal case.

Ticks identification was performed according Barros-Battesti
et al. (2006). Total genomic DNA was extracted from samples
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Fig. 1. Phylogenetic analysis of the gitA gene was performed using MEGA 7 software, using the Maximum Likelihood algorithm and Tamura-3-parameter with Gamma

distribution as the DNA substitution model and 500 bootstraps for the phylogeny test.

according to the protocol published by Aljanabi and Martinez
(1997). Samples were screened for Rickettsia spp. using a PCR assay
for a 401-bp fragment of the citrate synthase (gitA) gene (Labruna
etal.,, 2004), PCR amplification targeting was then performed for the
Outer Membrane Protein A (ompA) gene, directed for Spotted Fever
Group (SFG) Rickettsia (Oteo et al., 2004). To allow for the identifica-
tion of the Rickettsia found, we performed three other PCR reactions,
one directed to another gitA fragment (834 bp) (Labrunaet al., 2004)
and two other for the htrA gene (434 and 549 bp) (Labruna et al.,
2004).

Sequencing of PCR products for the gltA and htrA genes was
performed. Contig sequences were assembled with Geneious R9
software (Biomatters Ltd., Auckland, New Zealand), and the con-
sensus sequences were submitted to a BLAST algorithm. The
phylogenetic tree of the gltA gene was building using MEGA 7
software (Kumar et al., 2016). This study was approved by Ethics
Committee of IPVDF (approval no. 13/2013).

3. Results and discussion

In 2015, some cases of humans showing long-term fever of
unknown origin were reported in Tapes. One case fatality was reg-
istered. The fatal victim reported a “bug” bite some days before the
onset of clinical findings. Local health authorities considered that
spotted fever was the presumptive diagnosis associated to the fatal
case. Then, we investigated the presence of Rickettsia spp. in ticks
from dogs of this locality. A total of 63 Rhipicephalus sanguineus ticks
(two larvae, 30 nymphs, 15 females and 16 males) were collected
from 14 stray dogs. No fleas or other ectoparasites were found in
sampled dogs.

One R. sanguineus male tick was positive in the screening PCR for
Rickettsia spp. for gltA gene. The sample was negative in the PCR for
the ompA gene, indicating that it was not SFG Rickettsia. The sam-
ple was positive in all three PCR reactions (gltA fragment 834 bp
and htrA fragment 434 and 549 bp). BLAST analysis showed 99%
and 100% identity with “Ca. R, asemboensis” isolate F30 (GenBank:
JN315968 and JN315969) for the gitA and htrA genes, respectively.
The sequences of gltA and htrA genes from samples of this work
were deposited in Genbank under accession numbers KX196267
and KX196268, respectively. The phylogenetic tree of the gitA gene
(Fig. 1) showed that the DNA sequence of “Ca. R. asemboensis” from
Tapes, Brazil, was close to that of “Ca. R. asemboensis” from Kenya,
and both were placed together with R. felis and R. akari in a clade
of the Transitional Group Rickettsia. The sequence of “Ca. R. asem-
boensis” is also highly similar (99%) to that of Rickettsia sp. strain

RF2125, amember of the R. felis-like genotype group that circulates
in fleas from Uruguay (Venzal et al,, 2006).

This is the first report of “Ca. R. asemboensis” infection in ticks.
Also, it is the first detection of “Ca. R, asemboensis” in Brazil, This
rickettsia is genetically similar to Rickettsia felis, a flea-associated
Rickettsia considered pathogenic for humans (Raoult et al,, 2001).
Regardless of the vast literature on Spotted Fever Group Rickettsia
spp. from Brazil (for acomprehensive review see Szabd et al., 2013),
data on R. felis-related species are scarce. The detection of Rickettsia
spp. in R. sanguineus draws attention since it is the most widespread
tick in the world (Dantas-Torres, 2010; Szabo et al., 2010). In this
sense, further studies are needed to address the potential involve-
ment of ticks in “Ca. R. asemboensis” infection and transmission.

It is possible that “Ca. R. asemboensis” could be present in other
South American countries, as well as in other Brazilian regions.
These data increase the geographical distribution of this R. felis-
like agent. Further studies must address the association of “Ca.
R. asemboensis” with Brazilian cases of rickettsiosis and infection
prevalence.
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ARTICLE INFO ABSTRACT

Keywords: Borrelia burgdorferi sensu lato (s.1.) complex includes the agents of Lyme disease/borreliosis in North America,
Borreliosis Europe, and Asia, such Borrelia burgdorferi sensu stricto, Borrelia afzelii, Borrelia garinii, Borrelia bavariensis,
Bacteria Borrelia spielmanii, Borrelia bissettiae, and Borrelia mayonii. In 2013 B. burgdorferi s.l. was reported for the first
;f:;ﬁ"bome infection time in the Neotropical region, from Ixodes aragaoi ticks in Uruguayan Pampa. In addition, from 2011 to 2016,

17 suspected human cases of borreliosis-like syndrome were reported in Rio Grande do Sul (RS) state, Brazil,
which contains only part of country in the Pampa biome. The goal of this work is to report the results of a state
surveillance program conducted in order to investigate the presence of B. burgdorferi s.l. in its classic vector,
Ixodes spp. ticks, from the Brazilian Pampa. For this, we searched for Ixodes spp. ticks in 307 rodents from 11
municipalities of RS state. We then tested the ticks for the presence of B. burgdorferi s.l. DNA using PCR analysis.
Of 35 Ixodes spp. ticks tested, one larva and one nymph of Ixodes longiscutatus ticks tested positive for Borrelia sp.
DNA. The phylogenetic analysis of the flaB fragment grouped our samples (referred as Borrelia sp. haplotype
Pampa) into B. burgdorferi s.l. group in a particular branch with other South American haplotypes, and this group
was close to Borrelia carolinensis, B. bissettiae, and Borrelia californiensis. This is the first evidence of B. burgdorferi
s.l. circulation in ticks of the genus Ixodes in Brazil. These results highlight the need for the implementation of
public health policies for the diagnosis and prevention of potential cases of human borreliosis in Brazil. Further
studies are needed to fill the gaps in our knowledge of the distribution, pathogenicity, reservoirs, and vectors of
these emerging South American B. burgdorferi s.1. haplotypes.

Rio Grande do Sul
Lyme disease

1. Introduction

Since the first isolation of the Gram-negative spirochete Borrelia
burgdorferi from Ixodes spp. ticks and its association in the etiology of
Lyme Disease (LD) (Burgdorfer et al., 1982), several other members of
the Spirochaetaceae family have been identified throughout the world
as emergent vector-borne bacteria. Among these bacteria, some Borrelia
species and a set of still unnamed haplotypes of Borrelia species that are
genetically related to Borrelia burgdorferi have been grouped into the
Borrelia burgdorferi sensu lato (s.l.) complex (Postic et al., 2007). In
addition to Borrelia burgdorferi sensu stricto (s.s.), the agent of LD in
North America, the complex also comprises the other Lyme borreliosis
agents in Europe and Asia, Borrelia afzelii and Borrelia garinii, respec-
tively (Steere et al., 2016); as well as other emerging pathogens,

including Borrelia bissettiae, Borrelia spielmanii, and Borrelia bavariensis
(Collares-Pereira et al., 2004; Rudenko et al., 2011, 2008). Due to the
emergence of new species and variants, it is likely that the number of
members of B. burgdorferi s.l. complex will increase during next few
years.

In general, B. burgdorferi s.l. is maintained in nature through com-
plex interactions among ticks, particularly Ixodes spp., and a variety of
vertebrate hosts. As a rule, B. burgdorferi s.l. has been detected in ticks
only from the Northern Hemisphere. In 2013, B. burgdorferi s.l. was
reported for the first time in the Neotropical region (Barbieri et al.,
2013). However, borreliosis cannot be dismissed as a neglected public
health issue in this region. Indeed, during 2009-2016, Brazil registered
4078 suspected cases of borreliosis-like disease, also known as Baggio-
Yoshinari syndrome. Of those cases, 679 people were positive for
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Borrelia spp. by Western blotting and enzyme immunoassay tests
(Oliveira et al., 2017). Moreover, despite the fact that since 1992 there
are reports of LD-like syndrome in Brazil, to date Borrelia spp. has never
been detected in Ixodes spp. ticks in that country, and there is no
conclusive evidence regarding the potential tick species associated with
the transmission of Baggio-Yoshinari syndrome (Basile et al., 2017).
Rio Grande do Sul (RS), the southernmost state of Brazil, is the only
part of the country that contains the Pampa biome; which also occurs in
Uruguay and in part of Argentina. From 2011-2016, 17 suspected
human cases of Lyme-like borreliosis were recorded in 11 munici-
palities of RS, including one patient with positive serology to B. burg-
dorferi (data kindly provided by Dr. Stefan Vilges de Oliveira, Secretaria
de Vigilancia em Satde, Brazilian Health Ministry). Taking into account
the first epidemiological evidences of human borreliosis cases in RS
state (Oliveira et al., 2017), it is plausible to hypothesize that Borrelia
spp. may circulate in ticks from southern Brazil. This hypothesis is re-
inforced by the recent reports of B. burgdorferi s.1. in Ixodes aragaoi ticks
from the nearby areas of RS, as Uruguay (Barbieri et al.,, 2013). Thus,
the aim of this work is to report the results of a state surveillance
program conducted in order to determine whether B. burgdorferi s.l.
occurs in its classic vector, Ixodes spp. ticks, in the Brazilian Pampa.

2. Materials and methods
2.1. Study area and sample collection

The study area consisted in 11 municipalities of RS state: Barra do
Quarai  (30°11/32.6778/57°.31"22.17"W), Chui (33°43'57.37"S8/
53°22712.96"W), Herval (32°01'42.19”5/53°23'37.62"W), Porto Alegre
(30°03'05.70”5,/51°1050.65"W), Santa Maria (29°39'38”5/53°49'8"W),
Santa Vitéria do Palmar (32°30744.507S/52°32'47.39"W), Santana da
Boa Vista (30°51'59.94”5/53°12’00.87”W), Santana do Livramento
(30°48’31.35"5,/55°3719.97"W), Sao Francisco de Assis
(29°32740.33”5/55°07’37.61"W), Sao Francisco de Paula
(29°30"15.01”5/50°13'05.54"W) and Uruguaiana (29°45'38.78"5/
57°05712.82"W).

Ticks were obtained from wild rodents (Rodentia), since they are
considered to be the main reservoirs of Neotropical Ixodes species
(Barros-Battesti et al., 2006). Between 2014 and 2016 small rodents
were sampled using live traps (Sherman and Tomahawk) and traps of
interception and fall (pitfall traps with drift fences). Briefly, the cap-
tured animals were sedated with ketamine hydrochloride and xylazine
hydrochloride for collection of ectoparasites, and to collect biometric
data and photographic recordings for taxonomical identification. All
procedures described in this study were approved by our Institutional
Animal Care Committee (number 14/13 CEUA-IPVDF) and by Brazilian
Biodiversity Guidelines (numbers 39496-2 and 43919-3, SISBIO). More
information on the captured rodents and a full record of their ecto-
parasites are shown elsewhere (Michel, 2016). Ticks were also obtained
by direct collection from vegetation. For this, the flagging/dragging
technique was used (Sonenshine, 1993). Briefly, white flannel cotton
cloths (90 x 70 cm) were dragged along the soil and shrubby vegeta-
tion in forested areas.

2.2. Tick identification

Ticks were collected and stored individually in 96% ethanol and
transferred to the laboratory for taxonomic determination. The identi-
fication of ticks was carried out by morphology (Barros-Battesti et al.,
2006; Durden and Keirans, 1996; Marques et al., 2004; Nava et al.,
2017; Onofrio et al., 2009, 2014; Venzal et al., 2005, 2008).

2.3. Molecular detection of Borrelia spp. and phylogenetic analysis

After taxonomic identification of ticks, genomic DNA was extracted
from individual specimens using the protocol according to Aljanabi and
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Martinez (1997). The investigation of Borrelia spp. DNA was performed
using two Polymerase Chain Reaction (PCR) assays, as reported by
Barbieri et al. (2013). Briefly, nested-PCR was performed targeting the
Flagellin B gene (flaB) of Borrelia spp. Positive samples were further
used to amplify a fragment of the rrfA-rrlB intergenic spacer region
(IGS). PCR products of these reactions that matched the expected size
were purified, sequenced, and then compared with sequences available
in GenBank using BLAST algorithm. A phylogenetic tree of the flaB gene
was constructed using MEGA 7 software (Kumar et al., 2016); the
Maximum Likelihood algorithm and Kimura-2-parameter with gamma
distribution served as the DNA substitution model, and 1000 bootstraps
were used for the phylogeny test.

3. Results

Of the 307 rodents investigated, 17 were parasitized by Ixodes spp.
ticks. A total of 35 Ixodes spp. ticks were collected from rodents and
vegetation, as follows: I. aragaoi (one nymph, one larva), Ixodes long-
iscutatus (one female, five nymphs, one larva), Ixodes fuscipes (one
nymph), Ixodes loricatus (three nymphs), Ixodes auritulus (two nymphs),
and Ixodes sp. (20 larvae).

The molecular analysis of these ticks showed that one larva and one
nymph of I longiscutatus (Fig. 1) tested positive for the presence of
Borrelia spp. DNA using flaB nested-PCR and IGS PCR. These ticks were
collected from Oxymycterus nasutus and Oligoryzomys nigripes (Rodentia:
Cricetidae) from Chui and Santa Vitéria do Palmar municipalities, re-
spectively. Fig. 2 summarizes the distribution of Ixodes spp. ticks and
Borrelia sp. in the investigated areas.

The amplified fragment sequences from both positive samples were
identical. The BLAST analysis of the partial sequence of the flaB gene
revealed 100% of identity to the sequence of uncultured Borrelia sp.
clone C (GenBank JX082313), a member of the B. burgdorferi s.1. group,
detected in I. aragaoi (previously classified as Ixodes pararicinus) ticks
from Uruguay. The analysis of the IGS fragment showed 99% identity
(best match) to Borrelia sp. SCW-30 h (GenBank AF221673), a member
of the B. burgdorferi s.l. group, genospecies B. bissettiae, detected in an
Ixodes minor nymph tick from South Carolina, USA. The sequences of
flaB (KY657353) and IGS (KY657352) fragments were deposited in
GenBank as Borrelia sp. haplotype Pampa. The phylogenetic analysis of
the flaB fragment (Fig. 3) showed that Borrelia sp. haplotype Pampa was
grouped together with the Borrelia species of the B. burgdorferi s.l.
group, which includes LD spirochetes. Indeed, it seems that Borrelia sp.
haplotype Pampa clusters in a particular interior branch with Borrelia
sp. clones A, B and C from Uruguay, close to Borrelia carolinensis, B.
bissettiae and Borrelia californiensis.

4. Discussion and conclusion

Since the first report of B, burgdorferi s.1. in ticks of the genus Ixodes
in South America in 2013 (Barbieri et al., 2013), molecular surveys
conducted in other countries have provided evidence of the trans-
boundary circulation of Borrelia spp. across the continent. Several
haplotypes of B. burgdorferi s.l. have recently been registered in I
pararicinus, Ixodes cf. neuquenensis and Ixodes sigelos ticks from Argen-
tina (Nava et al., 2014; Saracho Bottero et al., 2017; Sebastian et al.,
2016). Also, DNA of Borrelia chilensis was detected in samples of Ixodes
stilesi ticks from Chile (Ivanova et al., 2014; Verdugo et al., 2017).

Here, we show for the first time evidence of the presence of B.
burgdorferi s.1. in its classic vector, Ixodes spp. ticks, in Brazil. The DNA
of Borrelia sp. haplotype Pampa was found only in one species of tick, I.
longiscutatus. In general, B. burgdorferi s.l. has been reported in ticks
belonging to the Ixodes ricinus complex (e.g., Ixodes scapularis and I
aragaoi). However, considering the reports from Chile and Argentina, it
seems that tick species unrelated to the I ricinus complex (such as I
stilesi and I. sigelos) might be associated with B. burgdorferi s.l. in South
America. Indeed, I longiscutatus is not genetically related to the I ricinus
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complex and is considered a monophyletic tick species (Guglielmone
et al., 2005, 2006). It was previously assumed that this tick species was
restricted to Argentina and Uruguay (Venzal et al., 2008), since it was
just recently reported for Brazil (Michel, 2016). To date, little is known
about I. longiscutatus hosts and distribution in Brazil.

Borrelia sp. haplotype Pampa seems to be closely related to other
Borrelia spp. haplotypes previously identified in I aragaoi from
Uruguayan Pampa. Indeed, in our work, positive samples for Borrelia
sp. were found only in the southern part of RS state that borders
Uruguay. These haplotypes may represent a novel clade of Borrelia spp.,
that has an unknown pathogenicity and naturally circulates in both
Ixodes species (1. longiscutatus and I. aragaoi) and wild rodents in South
America. It is important to note that southern RS and Uruguay share the
Pampa biome and that there are no naturally defined borders (rivers or
mountains) between Brazil (RS) and Uruguay. In actuality, in the South
American Pampa, I. longiscutatus and I. aragaoi ticks occur sympatrically
and both of these species can share the same rodent hosts (Venzal et al.,
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Fig. 1. Ixodes longiscutatus nymph. Panel A, dorsal
view. Panel B, ventral view.

1 mm

2005, 2008; Onofrio et al., 2014).

Although, there are no confirmed cases of human parasitism by I
longiscutatus to date, it is noteworthy that, in some areas, the majority of
ticks that serve as maintenance vectors of B. burgdorferi s.1. usually do
not bite humans. Nevertheless, these species appear to be more im-
portant in the enzootic cycle of borreliosis than the “bridge” vectors,
i.e., those that feed on vertebrate reservoirs and humans (Oliver, 1996).

Despite hundreds of human cases of Baggio-Yoshinari borreliosis-
like syndrome in Brazil during the past few years, the country is not
considered a traditional risk area for human borreliosis. It could be
explained because, to date, B. burgdorferi s.l. was never isolated from
human patients or even detected in its classic vector, Ixodes spp. ticks,
in Brazil. However, the lack of reports of B. burgdorferi s.l. in ticks in
Brazil may be due to the absence of a sound surveillance program or
surveys focused on Borrelia spp. detection.

Although it is not possible, at this point, to determine whether an
association between Borrelia sp. haplotype Pampa and human

Fig. 2. Setting for investigation of tick infection with Borrelia burg-
dorferi sensu lato in Rio Grande do Sul state, Brazil, 2014-2016. Rio
Grande do Sul state, Brazil, and neighboring countries. Light gray
shading indicates the Pampa biome; dark gray shading indicates water
bodies. Black triangles indicate sampled places in which Ixodes spp.
ticks were not found; black circles indicate sampled places in which
Ixodes spp. ticks negative to Borrelia sp. were collected; and open
circles indicate sampled places in which Ixodes longiscutatus ticks po-
sitive to Borrelia sp. were collected. Numbers indicate the sampled
municipalities, as following: Barra do Quarai (1), Uruguaiana (2), Sao
Francisco de Assis (3), Santana do Livramento (4), Santa Maria (5),
Sao Francisco de Paula (6), Porto Alegre (7), Santana da Boa Vista (8),
Herval (9), Santa Vitéria do Palmar (10), and Chui (11).

@
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Borrelia sp./E/Uruguay/ixodes aragaoi (JX082315)

95| Borrelia sp./1/Argentina/lxodes pararicinus (KJ994335)

Borrelia sp./D/Uruguay/ixodes aragaoi (JX082314)

Borrelia sp.f11/Argentina/Ixodes pararicinus (K1994336)

Borrelia burgdorferi/Z51094/Germany/Ixodes ricinus (DQ393336)

Borrelia burgdorferifZ41493/Germany/Ixodes ricinus (DQ393337)

Borrelia americana/SCW-33/USA/Ixodes minor (EU081293)
Borrelia americana/SCW-42c/USA/Ixodes minor (EU081295)
Borrelia californiensis/CA446/USA/Dipodomys californicus (DQ393347)
Borrelia bissettiifCA128/USA/Ixodes neotomae (DQ393343)
Borrelia carolinensis/SCW-22/USA/Ixodes minor (EU076496)
A Borrelia sp./Pampa/Brazil/Ixodes longiscutatus (KY657353)
Borrelia sp./C/Uruguay/ixodes aragaoi (JX082313)
Borrelia sp.fA/Uruguay/ixodes aragaoi (JX082311)
Borrelia sp./BfUruguay/Ixodes aragaoi (JX082312)
Borrelia gariniifNT29/)apan/ixodes persulcatus (DQ111032)
Borrelia lusitaniae/PotiB1/Portugal/ixodes ricinus (DQ111035)
Borrelia sp./1SIG1/Argentina/Ixodes sigelos (KX417768)
Borrelia afzelii/B023/Sweden/Human skin (DQ111033)
— Borrelia hermsiifHS1/USA/Ornithodoros hermsii (M86838)

10— Borrelia anserina/PL/Brazil/Argas miniatus (DQ849626)

P
0.05

Fig. 3. Maximum likelihood-based phylogenetic tree of Borrelia spp. flaB gene. The sequence described in this study is showed in bold and indicated by a black triangle. For each sequence
presented the following information is provided: species/strain/country/host (GenBank accession number).

borreliosis-like cases exists in Southern Brazil; the first detection of the
genetic material from B. burgdorferi s.l. in ticks of the genus Ixodes in
Brazil draws attention to a wider circulation of these bacteria in the
Neotropics than was previously assumed. The set of results presented
here, in addition to the lack of investigation of suspected human cases
of borreliosis, highlights the need for the implementation of public
health policies for the diagnosis and prevention of human borreliosis in
Brazil. Additionally, further studies are needed to fill the gaps in the
distribution, pathogenicity, potential vertebrate reservoirs and vectors
of the South American haplotypes of B. burgdorferi s.l.
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