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Abstract
We report tick infestations and rickettsial detection in ticks infesting free-living wild mam-
mals (Monodelphis domestica, Tolypeutes tricinctus, Thrichomys inermis and Kerodon 
rupestris) captured in the Caatinga ecoregion of Bahia state, northeastern Brazil, dur-
ing September to December 2016. Overall, 117 ticks (61 larvae, 25 nymphs, 25 males, 6 
females) belonging to two genera, and at least three species were collected: Amblyomma 
auricularium, Amblyomma parvum, Amblyomma sp., Ornithodoros rietcorreai and an 
unidentified Ornithodoros sp. We provide new host records to the rodent T. inermis para-
sitized by larva and nymphs of A. auricularium and to the marsupial M. domestica infested 
by larvae of A. auricularium. Furthermore, we describe new tick-host association for lar-
vae of O. rietcorreai on the rodents K. rupestris and T. inermis. Concerning tick-Rickettsia 
associations, we detected Rickettsia amblyommatis and an uncharacterized species of Rick-
ettsia belonging to the spotted fever group (SFG) in both A. auricularium and A. parvum. 
Additionally, ‘Candidatus Rickettsia andeanae’ was detected in A. parvum as well.
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Introduction

Bacteria of the genus Rickettsia (Rickettsiales: Rickettsiaceae) are obligatory intracellular 
microorganisms that infect invertebrate hosts worldwide (Dumler et al. 2001). Currently, 
the diversity of Rickettsia has been reclassified into different groups, including the spotted 
fever group (SFG), the typhus group (TG), the transitional group Rickettsia (TRG), the bel-
lii group (BG), the canadensis group (CG), and several other basal groups (Weinert et al. 
2009).

In Brazil, various rickettsial agents have been reported, namely the SFG species Rick-
ettsia rickettsii, Rickettsia parkeri, Rickettsia amblyommatis (formerly ‘Candidatus R. 
amblyommii’), Rickettsia rhipicephali, ‘Candidatus Rickettsia andeanae’; the TRG species 
Rickettsia felis, Rickettsia asembonensis; the TG species Rickettsia typhi; the BG species 
Rickettsia bellii; and the CG species Rickettsia monteiroi (Parola et al. 2013; Dall’Agnol 
et al. 2017).

The most important zoonotic disease transmitted by ticks in Brazil is Brazilian spotted 
fever (BSF), caused by R. rickettsii, being more frequently reported in the southeastern 
region of the country, which encompasses the states of Minas Gerais, Rio de Janeiro, São 
Paulo, and Espírito Santo (Labruna 2009; Szabó et al. 2013). Recently a second and milder 
tick-borne SFG human rickettsiosis, caused by R. parkeri strain Atlantic rainforest, has also 
been described in the states of São Paulo (Spolidorio et al. 2010), Bahia (Silva et al. 2011) 
and Santa Catarina (Krawczak et al. 2016).

Studies on rickettsial infections in ticks parasitizing wild and domestic animals in the 
state of Bahia (northeastern region of Brazil) have encompassed ticks from wild birds 
(Ogrzewalska et  al. 2011; Lugarini et  al. 2015), porcupines (McIntosh et  al. 2015), and 
domestic dogs (Nieri-Bastos et  al. 2016). We provide, for the first time, information on 
rickettsial detection in ticks infesting wild mammals from the orders Cingulata, Didelphi-
morphia and Rodentia in the state of Bahia, Brazil.

Materials and methods

Capture of mammals and collection of ticks

During September to December of 2016, a sampling of wild mammals associated with 
caves was carried out in a semi-arid region from Santo Inácio, a small village in the munic-
ipality of Gentio do Ouro, in the state of Bahia, northeastern Brazil (Fig. 1). Except for 
the Brazilian three-banded armadillo, Tolypeutes tricinctus (L.), which was captured manu-
ally, all other mammals were captured using Tomahawk and Sherman traps installed at 
the entrance or inside the caves. Fifteen traps were set in each of 19 sampled caves, and 
remained active for four nights, resulting into a sampling effort of 1200 trap nights. Col-
lected mammals were identified according to Gardner (2008) and Patton et al. (2015), and 
then deposited at the Zoological Collection of the Federal University of Mato Grosso, Cui-
abá Campus, Mato Grosso, Brazil. Ticks were collected from the body of the animals with 
the aid of brush and forceps, paying special attention to auricular pavilions, a region where 
ticks use to attach. Collected specimens were preserved in absolute isopropanol and sent to 
the laboratory.

The capture and collection of mammals was authorized by the “Instituto do Meio 
Ambiente e Recursos Hídricos do Estado da Bahia (INEMA-BA)”, through the Portarias 
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INEMA no. 11.044, 11.046, 11.086, 11.097, 11.098 and 11.104. Tick collection was previ-
ously approved by the “Instituto Chico Mendes de Conservação da Biodiversidade” (ICM-
Bio collection permit no. 40617).

Morphological identification of ticks

Post larval stages of hard ticks (Ixodidae) were identified following Barros-Battesti et al. 
(2006) and Martins et al. (2010). Part of soft tick larvae (Argasidae) was clarified in KOH 
25%, hydrated in distilled water, and mounted in slides using Hoyer’s solution. After 2 days 
at 25 °C, slide-mounted ticks were observed through optical microscopy (Olympus BX40 
optical microscope), and morphological traits were compared with other Neotropical spe-
cies (Cooley and Kohls 1944; Kohls et  al. 1965, 1969; Jones and Clifford 1972; Endris 
et al. 1989; Venzal et al. 2008, 2013; Labruna et al. 2016; Muñoz-Leal et al. 2016). One 
slide-mounted larva was photographed with software Image-Pro Plus 5.1 to illustrate mor-
phological characters.

DNA extraction, Rickettsia detection and molecular identification of ticks

Four larvae of Ornithodoros, 5 individual and 8 pools of 3 larvae, 25 individual nymphs 
and 31 individual adults of Amblyomma ticks were submitted to DNA extraction by the 
guanidine isothiocyanate protocol, as described by Sangioni et  al. (2005). Only DNA 

Fig. 1   Map showing the sites where wild mammals were sampled in a semi-arid region from the Santo Iná-
cio village, in the state of Bahia, northeastern Brazil
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extracted from hard ticks were submitted to a screening for rickettsial agents. For this pur-
pose, a first conventional PCR was performed using CS-78 and CS-323 primers, which 
target a 401 base pairs (bp) fragment of the citrate synthase gene (gltA) common to all 
Rickettsia species (Labruna et al. 2004). Positive samples were further tested by another 
PCR protocol using primers Rr190.70p and Rr190.602n, which amplify a ~ 530 bp frag-
ment of the 190-kDa outer membrane protein gene (ompA) present only in Rickettsia of the 
SFG (Regnery et al. 1991). For molecular identification of Rickettsia-positive Amblyomma 
larvae, and larvae of Ornithodoros genus, a third PCR targeting a ~ 460 bp fragment of the 
tick mitochondrial 16S rRNA gene was performed as previously described (Mangold et al. 
1998). Expected size amplicons of Rickettsia and tick mitochondrial 16S rRNA gene PCRs 
were purified and sequenced in an automated sequencer (ABI-PRISM 3500 Genetic Ana-
lyzer, Foster City, CA, USA). Obtained sequences were then submitted to a Basic Local 
Alignment Search Tool analysis (BLAST; Altschul et al. 1990) to determine closest identi-
ties with congeneric organisms available in GenBank.

Phylogenetic analysis

In the current study, a phylogenetic analysis was performed for Ornithodoros haplotypes 
from obtained consensus sequences of the mitochondrial 16S rRNA gene. The phyloge-
netic tree was constructed using Maximum Parsimony (MP) and Bayesian (B) methods. 
Sixty-four sequences of soft ticks available in GenBank, and the herein obtained haplo-
types were aligned using Clustal X (Thompson et al. 1997), and were adjusted manually 
using GeneDoc (Nicholas et al. 1997). MP analysis was performed in PAUP version 4.0b10 
(Swofford 2002) with 500 bootstrap replicates, random stepwise addition starting trees 
and TBR branch swapping. The Bayesian analysis was performed using MrBayes v3.1.2 
(Huelsenbeck and Ronquist 2001) with four independent Markov chain runs for 1,500,000 
metropolis-coupled MCMC generations, sampling a tree every 100th generation. The first 
25% of the trees represented burn-in, and the remaining trees were used to calculate Bayes-
ian posterior probability. Sequences from Ixodes holocyclus Neumann and Ixodes uriae 
White were used as outgroup. GenBank accession numbers for all the sequences used in 
the analysis are indicated in the phylogenetic tree.

Results

Capture of mammals and morphological identification of ticks

Overall, 25 wild mammals represented by the following 4 species were captured: T. tricinc-
tus, Monodelphis domestica (Wagner), Thrichomys inermis (Pictet) and Kerodon rupestris 
(Wied-Neuwied). Upon these vertebrates, 117 ticks (61 larvae, 25 nymphs, 25 males, 6 
females) were collected (Table 1). Nymphs and adults were recognized by morphological 
characters into 2 Amblyomma species, Amblyomma auricularium (Conil) and Amblyomma 
parvum (Aragão), while 25 larvae were identified as A. auricularium by sequencing as 
described below. Four larvae were retained as Amblyomma sp.

On the other hand, 32 larvae of Ornithodoros genus were identified as 2 taxa by the 
following morphological characters: (1) Ornithodoros rietcorreai Labruna, Nava and 
Venzal 2016: dorsal surface provided with four pairs of posterolateral, and three pairs of 
central setae; dorsal plate pyriform with posterior margin slightly concave; hypostome 
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pointed apically, provided with three files of denticles in the anterior half, and two pos-
teriorly almost to base, anal valves long with leaf-shaped ends (Labruna et al. 2016); and 
(2) Ornithodoros sp.: dorsal surface with seven pairs of anterolateral, ten pairs of postero-
lateral, and five pairs of central setae; dorsal plate pyriform; hypostome pointed apically, 
with three files of denticles in the anterior third, then two files almost towards the base; file 
one provided with 23, file two with 21 and file three with eight denticles (Fig. 2). Ethanol-
preserved and slide-mounted larvae of O. rietcorreai, and two slides with the unidentified 
Ornithodoros sp. were deposited at the tick collection “Colecão Nacional de Carrapatos 

Table 1   Ticks (L: larvae; N: nymphs; M: males; F: females) collected in the Santo Inácio village, munici-
pality of Gentio do Ouro, state of Bahia, Brazil

a Taxonomic identification of larvae was based on DNA sequencing of a fragment of the mitochondrial 16S 
rDNA gene
b Cave numbers represented in Fig. 1

Ticks species No. specimens per 
stage

Hosts (no. of infested individuals) Cave of occurrenceb

L N M F

Amblyomma auricularium 24a 3 Monodelphis domestica (2) 2, 13, 14
1 25 4 Tolypeutes tricinctus (1) 18

1a 18 Thrichomys inermis (6) 3, 7, 10, 14, 15, 19
Amblyomma parvum 2 M. domestica (2) 14

1 T. inermis (1) 9
2 Kerodon rupestris (1) 8

Amblyomma sp. 4 M. domestica (2) 12, 14
Ornithodoros rietcorreai 27a T. inermis (11) 3–8, 11, 12, 16, 18

1 K. rupestris (1) 14
Ornithodoros sp. 4 M. domestica (3) 1, 12, 14
Total 117 (61L, 25N, 25M, 

6F)

Fig. 2   Micrographs of the engorged unidentified Ornithodoros larva collected on Monodelphis domestica. 
a Dorsal view, b view of posterolateral setae, c dorsal plate, and d hypostome. Al anterolateral, C central, Pl 
posterolateral
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Danilo Gonçalves Saraiva” (CNC) at the University of São Paulo, São Paulo, Brazil (acces-
sion numbers: CNC 3708–3709, and CNC 3711–3712).

Rickettsia detection

A total of 61 individual specimens and eight larval pools of Amblyomma spp. were 
screened by PCR for rickettsial infection (Table 2). R. amblyommatis was detected in A. 
auricularium larvae, nymphs, and adults. Partial sequences of the ompA gene obtained 
from A. auricularium ticks were identical to each other and matched 100% (488/488 bp) 
to sequences of R. amblyommatis available in GenBank (KX434739, JX867426). Moreo-
ver, a sequence of ompA gene obtained from a female of A. parvum showed an identity 
of 98% (478/488 bp) with sequences of Rickettsia sp. Gu263 (F523328) from Guatemala, 
here designated as Rickettsia sp. haplotype ApBA1. Because of the quality of amplified 
DNA, it was not possible to sequence ompA amplicons obtained upon a pool of larvae, 
from two nymphs and from one male of A. auricularium. However, for all these samples 
we obtained gltA sequences identical to each other and to several sequences of R. ambly-
ommatis (MG674587, CP015012, KY674356, KY273595, KY628365). Furthermore, par-
tial sequences of the gltA gene from two nymphs of A. parvum yielded perfect matches 
(350/3350 bp) to ‘Ca. R. andeanae’ (KY628369). Finally, the gltA sequence from two ticks 
(a nymph of A. auricularium and a female of A. parvum) matched 99% (347/350 bp) with 
several SFG rickettsiae (KY474576, KX591657, MF002509), here referred as Rickettsia 
sp. haplotype ApBA2. All sequences of Rickettsia spp. obtained in this study were depos-
ited in GenBank and the accession numbers are listed in Table 2.

Molecular identification of Ornithodoros spp. and Amblyomma larvae

Molecular tools confirmed morphological identification of soft ticks since two larvae 
of O. rietcorreai submitted to DNA extraction yielded a sole haplotype of 427  bp 99% 
(423/427  bp) and 96% (411/428  bp) identical to conspecific sequences from Paraiba 
(KX130781) and Piauí states (KX130782), respectively. On the other hand, two larvae 
of the unidentified Ornithodoros morphotype yielded a unique haplotype of 422 bp, that 
matched Ornithodoros atacamensis Muñoz-Leal, González-Acuña and Venzal 2016 from 
Chile (KT894587) as closest relative with 90% (387/428 bp, eight gaps) of identity. Mor-
phological diagnoses of A. auricularium ticks positive to Rickettsia detection were con-
firmed as well, since 16S rDNA haplotypes obtained for four individual larvae and seven 
larval pools were 99% (400/404 pb) and 100% (404/404 pb) identical to the sequence of A. 
auricularium clone Aa2 from the state of Pernambuco, Brazil (KR869155), respectively.

GenBank accession numbers for partial sequences of mitochondrial 16S rDNA gene 
generated in the present study are as follows: O. rietcorreai, MH061498; Ornithodoros sp., 
MH061499; and A. auricularium, MG887827, MG887829.

Phylogenetic analysis

The phylogeny inferred by Parsimony and Bayesian methods for mitochondrial 16S rDNA 
sequences of Neotropical Argasidae is presented in Fig. 3. As it would be expected, the 
obtained haplotype of O. rietcorreai clustered into a highly supported monophyletic group 
with other conspecific sequences from Paraiba and Piauí states. On the other hand, the 
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haplotype from two larvae of the unidentified Ornithodoros sp. resulted into a sister taxon 
of O. atacamensis, and together with Ornithodoros puertoricensis (Fox), all three species 
formed a well-supported clade between other representatives of the Ornithodoros talaje 
(Guérin-Méneville) species group.

Fig. 3   Maximum parsimony (MP) and Bayesian (B) inferred phylogenetic trees. Support values (MP/B) are 
given for major branches. The positions of Ornithodoros rietcorreai from Bahia State and the unidentified 
Ornithodoros sp. collected on Monodelphis domestica are highlighted in bold
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Discussion

The present study reports field data on rickettsial infection in ticks infesting free-living 
wild animals in the Caatinga ecoregion of northeastern Brazil, in the Bahia state. Herein, 
we provide the first records A. auricularium and O. rietcorreai from T. inermis.

Amblyomma auricularium was the most abundant hard tick. This tick species is widely 
distributed from southern USA to Argentina (Mertins et  al. 2017; Lord and Day 2000; 
Guglielmone et al. 2003), and all parasitic stages of A. auricularium have already be found 
feeding mainly on armadillos (Dasypodidae), including records of adults on the Brazilian 
three-banded armadillo T. tricinctus (Nava et al. 2017), as observed in the present study. 
However, immature stages of this tick have also been described feeding on other hosts, 
such as small rodents and marsupials (Guglielmone et al. 2003; Horta et al. 2011). In line 
with these reports, in the present study we record the rodent T. inermis as a new host for 
the nymph and larva of A. auricularium and the marsupial M. domestica for the larva of A. 
auricularium.

Amblyomma parvum is distributed from Mexico to Argentina (Nava et al. 2008), with 
a single specimen reported from Florida (Corn et  al. 2012). Despite its wide geographi-
cal distribution, most records on this tick species were from dry areas (Nava et al. 2008), 
including Caatinga ecoregion in Brazil (Horta et  al. 2011; Lugarini et  al. 2015; Pereira 
et  al. 2017). Hosts of A. parvum comprise medium- to large-sized mammals for adult 
stages, while larvae and nymphs prefer parasitizing small mammals (Nava et  al. 2008, 
2017). Although A. parvum has already been recorded in the Caatinga ecoregion on Galea 
spixii and Thrichomys apereoides (Horta et al. 2011), to authors’ knowledge, we provide 
the first records for immature stages on M. domestica and T. inermis.

The argasid tick O. rietcorreai was recently described from K. rupestris resting places 
in three different areas of the Caatinga ecoregion, two in Piauí State, and one in Paraíba 
State (Labruna et al. 2016). Confirmed by a morphological and molecular approach, the 
present study expands the distributional range of this species to Bahia state. According to 
Labruna et al. (2016), it is possible that at least part of the earlier records of O. talaje from 
the Caatinga ecoregion relied primarily on a morphological examination of external char-
acters of post-larval stages and could refer to O. rietcorreai. Furthermore, we record, for 
the first time infestation by larvae of O. rietcorreai on its probable type host K. rupestris, 
and also on T. inermis, two small mammals species inhabiting rocky environments.

By the morphological study of larvae, two identical specimens of Ornithodoros were 
not classified to species level by means of available data on Ornithodoros descriptions from 
the Neotropical region. Although morphological traits were somehow related to other rep-
resentatives of the O. talaje group (i.e. dorsal setae rather short, pointed hypostome, pyri-
form dorsal plate, long palpi), the phenotype of this unidentified immature form of Orni-
thodoros collected on M. domestica did not match any published description from South 
America. Interestingly, a recent report of an unidentified Ornithodoros collected from the 
same mammal host (Pereira et  al. 2017) coincides at least by sharing a pyriform dorsal 
plate and a pointed hypostome. Unfortunately, the report of this specimen lacks a molecu-
lar characterization, therefore comparisons of mitochondrial sequences were impossible to 
perform. Phylogenetic analyses of the current study pointed that our unidentified Ornitho-
doros sp. is closely related to O. atacamensis, a lizard-associated soft tick that occurs in 
the Atacama Desert in Chile (Muñoz-Leal et al. 2016). Although phylogenetically related, 
O. atacamensis differs from the phenotype of herein characterized Ornithodoros larva by 
having five rather than ten posterolateral pairs of setae. The presence of 22 dorsal setae 
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constitutes an exclusive combination of discrete characters in both slide-mounted larvae 
(Fig.  2), and separate herein reported Ornithodoros morphotype from all the rest of O. 
talaje group as well (i.e. Ornithodoros guaporensis, Ornithodoros hasei, O. kohlsi, O. 
puertoricensis, and Ornithodoros rioplatensis). So far, it is highly possible that the Orni-
thodoros sp. collected from M. domestica could indeed represent a new taxon within the 
Argasidae. The obtention of more specimens, including adult forms, would be now needed 
in order to perform a formal description.

Rickettsia amblyommatis has already been reported infecting A. auricularium and A. 
parvum in the northeastern region of Brazil (Saraiva et  al. 2013; Lugarini et  al. 2015), 
and other Amblyomma species including Amblyomma longirostre (Ogrzewalska et  al. 
2011; Lugarini et  al. 2015; McIntosh et  al. 2015), Amblyomma cajennense sensu stricto 
(s.s.) (Costa et al. 2017), Amblyomma pseudoconcolor (Silva et al. 2018), and Amblyomma 
varium (Lugarini et al. 2015). Despite R. amblyommatis has not yet been confirmed as a 
human pathogen (Karpathy Sandor et  al. 2016), there is evidence supporting the natural 
infection of dogs by tick transmission in northeastern Brazil (Costa et al. 2017), and in the 
United States (Barrett et  al. 2014). Furthermore, there has been laboratory evidence has 
pointed that naturally infected A. auricularium are competent vectors of R. amblyommatis 
to rabbits (Saraiva et al. 2013).

In Brazil, ‘Candidatus R. andeanae’ was originally detected in A. parvum from ticks 
of the Pantanal and Cerrado ecoregions (Nieri-Bastos et al. 2014). Subsequently, reports 
included infection of A. parvum ticks in Caatinga (Lugarini et al. 2015) and Cerrado eco-
system (Costa et al. 2017). Further, two other tick species have been reported to harbour 
‘Ca. R. andeanae’ in Brazil namely A. sculptum (Witter et al. 2016) and A. auricularium 
(Lugarini et  al. 2015). However, the capacity of ‘Ca. R. andeanae’ to infect humans or 
other vertebrate hosts as well as causing disease is unknown.

Finally, an uncharacterized Rickettsia agent related to SFG was detected in both A. 
auricularium and A. parvum. However, collection of more ticks and isolation for further 
characterization using others sets of primers of this undescribed Rickettsia sp. are required 
to determine its taxonomic status, beyond possible pathogenic potential.
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