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A B S T R A C T   

Ornithodoros mimon is an argasid tick primarily associated with bats that also infest other animals including birds, 
opossums and humans. In this paper, we report the finding of an argasid species resembling O. mimon, which 
similarly may be found in human dwellings and parasitize humans in Brazil. We also provide molecular evidence 
that this argasid tick species may carry a rickettsial organism, whose pathogenicity remains unknown. A total of 
16 ticks (two females, two males and 12 nymphs) were collected in the bedroom and in the attic of a human 
house, where cases of “insect” bites have been recurrent. These ticks were identified morphologically and 
genetically as Ornithodoros cf. mimon. Upon PCR testing, four of these ticks (one female and three nymphs) were 
positive for human blood and for a bacterium closely related to “Candidatus Rickettsia paranaensis”. In 
conclusion, we report for the first time in Brazil an argasid tick species morphologically and genetically related to 
O. mimon, which feeds on humans and carry a rickettsial organism belonging to the spotted fever group. Further 
studies are needed to formally assess the taxonomic status of this tick species and also to investigate the path-
ogenicity of its associated rickettsial organism.   

1. Introduction 

Ticks are arthropods of major medical and veterinary significance 
and infest a large range of vertebrate hosts, including humans. The 
family Argasidae is the second most diverse tick family and includes 
approximately 219 species of soft ticks (Bakkes et al., 2018; Dantas--
Torres, 2018; Sun et al., 2019; Venzal et al., 2019; Muñoz-Leal et al., 
2020a, 2020b, 2021). Some species are associated with the transmission 
of pathogens to animals and humans (Dantas-Torres et al., 2012). 

In Brazil, the family Argasidae is currently represented by 25 species, 
of which 20 belong to the genus Ornithodoros (Dantas-Torres et al., 2019; 
Muñoz-Leal et al., 2020a, 2021a). Many Ornithodoros spp. ticks present 
in Brazil are associated with bat caves, or other more preserved natural 
environments, but some species are also found in human-dwellings, 
associated with either domestic animals or synanthropes (e.g., bats 
and opossums) (Reck et al., 2013; Labruna et al., 2014). A classic 
example is Ornithodoros mimon, a bat tick that also infests other animals, 

including birds, opossums, reptiles, and incidentally humans (Labruna 
et al., 2014; Ramos et al., 2015; Alcantara et al., 2018). Despite limited 
available information, this tick species has already been reported in 
different Brazilian regions and biomes (Barros-Battesti et al., 2011; 
Landulfo et al., 2012, 2013; Labruna et al., 2014; Ramos et al., 2015; 
Sponchiado et al., 2015; Muñoz-Leal et al., 2016; Alcantara et al., 2018; 
Lopes et al., 2018; Barbieri et al., 2019; Costa et al., 2020). 

We report the finding of an argasid tick resembling O. mimon, which 
similarly was collected in human dwellings and blood fed on humans in 
Brazil. Molecular evidence suggests that this argasid tick may transmit a 
rickettsial bacterium of unknown pathogenicity. 

2. Material and methods 

An elderly couple, both aged in their 70s, suffered from ‘insect’ bites 
after sleeping in a country house located in Teresópolis (Rio de Janeiro, 
Brazil) that they occupied every 3–4 weeks, for short stays (<7 days). As 
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noises attributed to bats or birds could be heard in the bedroom at night, 
the roof was sealed. 

The bites continued to occur, especially in the exposed parts of their 
bodies, not covered by the clothes used during the cold nights. These 
parts included face, behind the ear, neck (Fig. 1A), forearm, wrists, 
fingers, and abdomen (Fig. 1B). The lesions were nodular, with intense 
local inflammatory reaction and pruritus, remaining for days up to 
several weeks. The couple reported a poor pruritus treatment response 
after using corticosteroid cream and local antibiotic, oral antiallergic 
and, more rarely, oral corticosteroid. 

The couple initially suspected that the bites were caused by dog fleas 
or black flies. On August 18th, 2019, a more attentive search by the 
couple revealed the presence of argasid ticks in their bedroom, partic-
ularly on the sheets and between pillowcases and pillows. Due to these 
findings, a survey was carried out in the attic of the house, where animal 
faeces and argasid ticks were found. The infested area was sprayed with 
deltamethrin (Butox®, MSD Animal Health, Brazil) in October 2019 and 
thereafter no more bites were reported or ticks were observed in the 
bedroom. 

Ticks found in the bedroom (n = 15) and in the attic of the house (n 
= 1) were collected, placed in 70% ethanol, and shipped to the 
Department of Immunology, Fundação Oswaldo Cruz for morphological 
identification. Ticks were morphologically identified to genus using 
taxonomic keys (Dantas-Torres et al., 2019), under a Nikon SMZ-745T 
stereomicroscope. Ticks were compared with morphological de-
scriptions of related species (Barros-Battesti et al., 2011; Landulfo et al., 
2013) and also with voucher specimens available in the tick collection 
“Coleção Nacional de Carrapatos Danilo Gonçalves Saraiva” (CNC), at 
the Universidade de São Paulo, São Paulo, Brazil. Photographs and 
measurements were performed with a SteREO Discovery V12 stereo-
microscope (Carl Zeiss, Munich, Germany), using the software ZEN 2 
pro. Voucher specimens were deposited in the CNC, under accession 
number CNC-4443. 

DNA samples were obtained from three engorged nymphs and one 
engorged female using DNeasy Blood & Tissue Kit (Qiagen GmbH, Hil-
den, Germany), following the manufacturer’s instructions. Then, a ≈
460 base pairs (bp) fragment of the 16S rRNA gene was amplified by 
conventional PCR using the primers 5′-CCG GTC TGA ACT CAG ATC 
AAG T-3′ (forward) and 5′-GCT CAA TGA TTT AAA TTG CTG-3′

(reverse) (Mangold et al., 1998). PCR products of the expected size were 
purified using PureLink™ PCR Micro Kit (Invitrogen, Carlsbad, CA, 
USA) and sequenced in both directions, using the same primers as for 
PCR and BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Bio-
Systems, Foster City, CA, USA), on an ABI Prism 3500xL Genetic 
analyzer (Applied Biosystems, Foster City, CA, USA). Consensus se-
quences were assembled and analysed using the Staden package based 
on the Phred quality score ≥30 (Staden et al., 2000). The integrative 

refinement method FFT-NS-i implemented in MAFFT (Katoh et al., 
2002) algorithm was used for sequence alignment. Phylogenetic ana-
lyses were performed as elsewhere (Sousa-Paula et al., 2021a). In brief, 
phylogenetic reconstruction was performed using maximum likelihood 
inference using IQ-TREE (Minh et al., 2020) based on ultrafast bootstrap 
(1000 replicates) method. The best-fit evolutive model was calculated 
using ModelFinder (Kalyaanamoorthy et al., 2017) implemented in 
IQ-TREE and selected according to Bayesian Information Criterion 
(BIC). The ML trees were visualised and edited using the tool iTOL v.4 
(Letunic and Bork, 2019). Sequence similarity searching was performed 
against GenBank ’Ixodida’ (taxid: 6935) using Basic Local Alignment 
Search Tool (BLAST; http://blast.ncbi.nlm.nih.gov/Blast.cgi). 

DNA samples were also subjected to PCR for the detection of Rick-
ettsia spp. DNA, using the primers CS-78 and CS-323 that amplify a ≈
401 bp fragment of the citrate synthase (gltA) gene (Labruna et al., 
2004). Samples were also tested by a hemi-nested PCR assay using the 
primer pairs Rr190.70p (forward)/190–701 (reverse) in the first reac-
tion, and Rr190.70p (forward)/190.602n (reverse) in the second reac-
tion, targeting fragments (≈617 bp and ≈512 bp, respectively) of the 
outer membrane protein A (ompA) gene of spotted fever group rickett-
siae (Regnery et al., 1991; Roux et al., 1996). Positive controls (DNA 
from Rickettsia vini) and no-template controls (NTC) were included in all 
PCRs. 

PCR products of the expected size were purified using ExoSAP-IT™ 
PCR Product Cleanup reagent and sequenced as described above. A 
Rickettsia phylogenetic tree was reconstructed using the tools and pa-
rameters described above. Sequence similarity searching was performed 
against the GenBank ’Rickettsia’ databases (taxid:780) using BLAST 
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). 

To test the hypothesis that the collected ticks fed on humans, the 
DNA extracted from the ticks was subjected to a fast singleplex real-time 
PCR assay using the primers KF/HS-F (forward) and KF/HS-R (reverse) 
and the TaqMan probe KF/HS-P, which target a ≈ 104 bp fragment of 
the human cytochrome b gene (Sales et al., 2020). A positive control 
(DNA previously extracted from human blood; Sales et al., 2020) and a 
NTC were included in the real-time PCR. All samples and controls were 
tested in duplicate. 

3. Results 

A total of 16 ticks (two females, two males and 12 nymphs) were 
identified morphologically as Ornithodoros cf. mimon (Fig. 2). The 
morphological characteristics (i.e., body outline oval, pointed anteri-
orly, cheeks developed, integument with distinct mammillae, discs 
strongly marked, anteromedian disc present, median disc separated 
from posteromedian line) of the Ornithodoros sp. that were collected 
were similar to Ornithodoros spp. belonging to the subgenus Alectorobius, 

Fig. 1. Skin lesions on the neck (A) and abdomen (B), reportedly caused by tick bites, in one of the inhabitants of the house where Ornithodoros cf. mimon ticks 
were found. 
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particularly O. mimon, which is also its closest congener from a phylo-
genetic perspective. No observed morphological differences were 
recorded between O. cf. mimon specimens from Teresópolis and 
O. mimon from Tiradentes (Minas Gerais) available in the tick collection 
CNC (accession number: CNC-2292). 

The 16S rRNA gene sequences obtained from a female and three 
nymphs of O. cf. mimon from Teresópolis were similar, with only two 
polymorphic sites and a single-base pair indel. They shared the highest 
nucleotide similarity (99.7%–98.9%) with sequences of O. cf. mimon 
from Uruguay and Argentina (GenBank accession numbers: OK394056 
and OK355514), and formed a well-supported group (Fig. 3). Tick se-
quences generated were deposited in GenBank (accession numbers: 
ON023759-ON023762). 

The DNA samples obtained from the female and the three nymphs 
were positive for the gltA and ompA rickettsial genes. The gltA gene 
partial sequence (324 bp) was 100% identical with several spotted fever 
group rickettsiae. The consensus ompA partial sequence (420 bp) shared 
the highest nucleotide similarity of 99.8% with “Candidatus Rickettsia 
paranaensis” (GenBank accession number: JN126321). The phyloge-
netic reconstruction inferred from ompA partial sequences confirmed 
that Rickettsia sp. detected in O. cf. mimon is part of the spotted fever 
group rickettsiae, and closely related (a single nucleotide difference) to 
“Ca. R. paranaensis” (Fig. 4). The Rickettsia sp. ompA gene sequence 
generated herein was deposited in GenBank (accession number: 
ON015860). 

When tested for the presence of the human cytochrome b gene by 
real-time PCR, all four ticks were positive for human blood. No ampli-
fication was obtained with the NTC. 

4. Discussion 

Herein, we report an argasid tick morphologically and phylogeneti-
cally related to O. mimon. Because of relevant genetic divergence with 
O. mimon sequences from GenBank, the present tick species were 
referred to as O. cf. mimon. Interestingly, this taxon was only very 
recently reported in Argentina and Uruguay (Benedetto et al., 2022), 
which suggests that it may be widespread in South America, similar to 
O. mimon. While we detected human blood in a female and three nymphs 
of O. cf. mimon, at least two bat species, Eptesicus furinalis and Myotis levis 

(Vespertilionidae), were reported as natural hosts (Benedetto et al., 
2022). Because O. mimon is commonly found on bats as well as on other 
synanthropes, e.g., opossums (Kohls et al., 1969; Venzal et al., 2003, 
2004; Barros-Battesti et al., 2011; Landulfo et al., 2012; Labruna et al., 
2014), the possibility that ticks belonging to O. cf. mimon also parasitize 
other animals should be considered. 

The nucleotide pairwise difference found in the 16S rRNA sequences 
generated from O. cf. mimon in the present study and by Benedetto et al. 
(2022) compared to other O. mimon specimens from Brazil and 
Argentina (84.4 − 91.2%) is a strong clue of different taxa. In a 431 bp 
fragment of the 16S rRNA gene, 32 polymorphic sites and two indels 
were observed between these two groups. The 16S rRNA gene is a reli-
able marker and it has been used for diagnostic characteristics for 
phylogenetics of ticks (Bakkes et al., 2018; Dantas-Torres, 2018; 
Muñoz-Leal et al., 2020b). Therefore, it is likely O. mimon and O. cf. 
mimon comprise a species complex, i.e., an assemblage of species 
exceedingly similar in morphology and phylogenetically related (Sou-
sa-Paula et al., 2021b). Further phylogenetic studies are needed for 
comparative analysis of O. mimon from the type-locality and O. cf. 
mimon. 

To date, Rio de Janeiro is the only state where O. cf. mimon is known 
to occur in Brazil. Ornithodoros mimon is widespread in Brazil, occurring 
in São Paulo, Minas Gerais, Goiás, Mato Grosso, Mato Grosso do Sul, 
Maranhão, Ceará, Pernambuco, and Rio Grande do Norte (Labruna 
et al., 2014; Ramos et al., 2015; Sponchiado et al., 2015; Muñoz-Leal 
et al., 2016; Alcantara et al., 2018; Lopes et al., 2018; Barbieri et al., 
2019; Costa et al., 2020). The presence of O. mimon in Rio de Janeiro 
state remains unknown, but is likely considering its occurrence in other 
southeastern Brazilian states. 

Cases of human parasitism by argasid ticks in Brazil have been 
sporadically reported in the literature (e.g., Labruna et al., 2014; Oli-
veira et al., 2018), including by O. mimon, which is commonly collected 
in attics of human residences colonized by insectivorous bats. To date, 
no rickettsial organism has been reported in O. mimon, although this 
possibility cannot be ruled out. For instance, a study of the O. mimon 
ticks from Minas Gerais for tick-borne pathogens failed to detect species 
from the genera Babesia, Hepatozoon, Rickettsia, Borrelia, Anaplasma, 
Ehrlichia, and Coxiella (Labruna et al., 2014). Conversely, a novel Bor-
relia genotype of the relapsing fever group was recently reported in 

Fig. 2. Dorsal view of a female (A) and a male (B) of Ornithodoros cf. mimon from Teresópolis, Rio de Janeiro, Brazil. Bar = 0.5 mm.  
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O. mimon ticks collected from a house in an urban area of 
central-western Brazil (Muñoz-Leal et al., 2021b). 

Ornithodoros cf. mimon also blood feeds on humans, as confirmed by 
the presence of human DNA. Ornithodoros cf. mimon also was found to 
carry a rickettsial bacterium closely related to “Ca. R. paranaensis”. 
Further studies employing additional genetic markers and additional 
microbiological techniques are necessary for a proper characterization 

of this bacterium. The pathogenicity of the rickettsial agent remains 
unknown, but should be further investigated considering its close 
phylogenetic relatedness with other pathogenic spotted fever group 
rickettsiae, e.g., Rickettsia africae and Rickettsia parkeri (Peckle et al., 
2019). 

Fig. 3. Phylogenetic reconstruction based on GTR+F + R4 model and maximum-likelihood method using a partial fragment of the 16S rRNA gene of Ornithodoros cf. 
mimon from Teresópolis, Rio de Janeiro, Brazil. The numbers represent the branch support based on 1000 bootstraps and values above 70 are shown. The sequences 
generated in the present study are highlighted in bold and GenBank accession numbers are shown in brackets. 
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