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Abstract

In this study, whole blood samples and ticks were collected from 57 capybaras in recreational areas in the Federal
District, Brazil, aiming to investigate the presence of Rickettsia spp. using polymerase chain reaction (PCR) and
indirect immunofluorescence (IFAT) assays. None of the capybara blood samples yielded rickettsial DNA by PCR.
Among 55 capybara serum samples tested by IFAT, 53 (96.3%) reacted to Rickettsia spp. Among these, 21 (39.6%)
identified the R. bellii antigen as the probable antigen involved in a homologous reaction (PAIHR), whereas 2
(3.8%) identified the R. parkeri antigen. Ticks collected from capybaras were identified as 173 Amblyomma sculptum
and 410 A. dubitatum, in addition to nine Amblyomma spp. larvae. A sample of 231 ticks was subjected to DNA
extraction and PCR for Rickettsia species. None of 122 A. sculptum yielded rickettsial DNA. Molecular evidence of
R. bellii was found in 25/108 (23.1%) and of Rickettsia sp. strain Cooperi (R. parkeri-like agent) in 2/108 (1.9%) of
the A. dubitatum samples. These results suggest a greater exposure to R. bellii in these capybara populations, in
addition to a more significant number of A. dubitatum, which might characterize the Federal District region as not
endemic for Brazilian spotted fever.

Keywords: Arthropod Vectors, Family Caviidae, Rickettsiosis, Spotted fever, Brazilian Midwestern.

Resumo

O presente trabalho realizou a coleta de amostras de sangue total e carrapatos de 57 capivaras da regido, com
o intuito de pesquisar bactérias do género Rickettsia spp., a partir de métodos de diagnéstico molecular (PCR)
e soroldgicos (RIFl). Nenhuma amostra de sangue das capivaras foi positiva na PCR. Dentre as 55 amostras de
soro testadas por RIFI, 53 (96,3%) apresentaram soro-reacdo para Rickettsia spp. Dessas 53 amostras, 21 (39,6%)
demonstraram o antigeno de R. bellii como provavel antigeno envolvido em reacdo homologa (PAERH); e duas
(3,8%) demonstraram o antigeno de R. parkeri. Foram amostrados 173 carrapatos identificados como Amblyomma
sculptum e 410 como Amblyomma dubitatum, além de nove larvas (Amblyomma spp.). Entre os carrapatos, 231 foram
submetidos a extracdo de DNA e PCR para pesquisa de Rickettsia. Foram encontradas evidéncias moleculares de
R. belliiem 25/108 (23,1%) e Rickettsia sp. “strain” Cooperi em 2/108 (1,9%) das amostras de A. dubitatum testadas.

Received December 10, 2020. Accepted March 22, 2021.
*Corresponding author: Giane Regina Paludo. E-mail: giane@unb.br

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
By distribution, and reproduction in any medium, provided the original work is properly cited.

Braz ] Vet Parasitol 2021; 30(2): 028720 | https://doi.org/10.1590/51984-29612021035 1711


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-9112-1718

Capybara exposure to Rickettsia in Brasilia

Os resultados sugerem uma maior exposicao a R. bellii nas populacdes de capivaras da regido, além de uma
maior quantidade de carrapatos identificados como A. dubitatum. Isso pode estar relacionado ao que configura
a regido do Distrito Federal como ndo endémica para a febre maculosa brasileira.

Palavras chave: Vetores artropodes, Familia Caviidae, Rickettsioses, febre maculosa, Centro-Oeste Brasileiro.

Introduction

The number of herds of capybaras (Hydrochoerus hydrochaeris) has increased in several recreational areas in the
Federal District, Brazil, and cases of tick infestations on people who visit these places are commonly reported in
the media (G1, 2017; Medeiros, 2018). Maintenance of tick populations can be directly associated with capybaras,
which are considered primary hosts for these arthropods (Horta et al., 2004; Luz et al., 2019).

Pathogens of the genus Rickettsia (Rickettsiales: Rickettsiaceae) are Gram-negative obligate intracellular bacteria
transmitted by arthropod vectors (Darby et al., 2007). Within this genus, the spotted fever group (SFG) includes
zoonotic agents such as Rickettsia rickettsii and Rickettsia parkeri, which can cause acute febrile human illness,
as is the case of the Brazilian Spotted Fever (BSF) and the Rocky Mountain Spotted Fever, caused by R. rickettsii
(Pacheco et al., 2007). In Brazil, capybaras have been characterized as natural amplifying hosts of R. rickettsii for
Amblyomma sculptum ticks, which are the most important vectors of R. rickettsii to humans in Brazil (Costa et al.,
2019; Luzetal., 2019). The endemic areas of spotted fever in Sdo Paulo state are those in which there is an explosive
increase in free-living capybaras (Sousa et al., 2017). Thus, sanitary monitoring of populations of capybaras is
essential for the control and maintenance of public health.

The Federal District of Brazil encompasses 5780 km?, of which 621.2 km? comprises a large metropolitan area
that includes Brasilia City and its satellite counties. According to the Brazilian Ministry of Health, between 2000 and
2019, only three non-fatal cases of BSF were reported in the Federal District; however, none of these cases were
followed by proper epidemiological investigations. Besides, there are no published reports on the genus Rickettsia's
pathogens in capybaras and ticks in the region.

The present study aimed to evaluate the occurrence of infection caused by Rickettsia using molecular and
serological methods and hemogram and biochemical tests to analyze its consequences in capybaras.

Materials and Methods

Capture and collection of biological samples

Capybara capture and handling were carried out under the SISBIO license number 43798-1, and with the
approval of the Ethics Committee for the Use of Animals (CEUA) of the University of Brasilia registered under the
protocol number 20/2019.

In all seasons, capybaras from five different flooded areas near recreational places in the region were captured:
Area 1(15°50'48"S, 47°56'27"W), Area 2 (15°51'03"S, 47°56'17"W), Area 3 (15°51'00"S, 47°55'57"W), Area 4 (15°55'31"S,
48°02'59"W), and Area 5 (15°47'30"S, 47°47'49"W). The animals were conditioned by feeding with fruits, grains,
and leaves to enter the restraint cages in which they were subjected to sedation and physical restraint for the
collection of biological samples. The classification of animals between young and adults was performed based
on the estimated visualization of the capybaras’ size (Ojasti, 1973). The five areas were chosen due to the higher
numbers of capybara herds previously visualized.

The chemical restraint protocol was performed using intramuscularly anesthetic darts, containing a combination
of xylazine (0.5 mg/mg/kg) and ketamine (2.0 mg/mg/kg). After harvesting, a dose of yohimbine (0.1 mg/mg/kg)
was applied to reverse the applied xylazine and reduce the time for anesthetic recovery. Looking to minimize the
risk of accidents, the animals were handled individually, monitored, and released only after the total recovery of
any effect caused by the dissociative drug.

Blood samples were collected by puncture of the cephalic or femoral vein, packed in tubes with no additives
and anticoagulant (EDTA), and kept at 4-8 °C until transport to the laboratory.

All ticks found during a time of 5 min per animal were removed directly from the capybaras’ skin. The ticks were
stored in isopropyl alcohol for asepsis and conservation until species identification.
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Tick identification

Ticks were identified by species, sex, and development stage, separated into larvae, nymphs, adult males, and
adult females. The species were classified according to the literature (Barros-Battesti et al., 2006; Martins et al.,
2010, 2016). The larvae were identified only to the genus level.

Hematology and biochemical tests

Hemograms and biochemical tests on capybara blood samples were performed at the Veterinary Clinical
Pathology Laboratory of the College of Agronomy and Veterinary Medicine (FAV) of the University of Brasilia
(UnB), within a maximum time of 2 h after harvesting. Blood cell count was determined by manual counting in a
hemocytometer, as previously described (Weiser, 2012). Hemoglobin concentration was measured on a BIO 2000
(BIOPLUS®) semi-automatic spectrophotometer.

The hematocrit was determined using the microhematocrit technique, and the amount of total plasma proteins
(TPP) was determined using the same capillary tube by refractometry. The mean corpuscular volume (MCV) and
mean corpuscular hemoglobin concentration (MCHC) were determined by standard calculation. Whole blood smears
were prepared and stained with rapid panoptic (Laborclin®) to perform the leukocyte differential, morphological
observation of blood cells, hemoparasite search, and platelet estimation.

Blood serum was obtained by centrifuging blood samples without EDTA. These samples were used to determine
serum concentrations of total proteins, albumin, alanine aminotransferase (ALT), aspartate aminotransferase
(AST), gamma-glutamyltransferase (GGT), urea, creatinine, and alkaline phosphatase in an automatic biochemical
analyzer Cobas - C111 (Roche®).

Molecular assays

Polymerase chain reaction (PCR) tests were performed in the Laboratories of Molecular Microbiology and
Pathology, College of Agronomy and Veterinary Medicine (FAV), University of Brasilia (UnB) and in the Department
of Preventive Medicine and Animal Health, Faculty of Veterinary Medicine and Animal Science, University of Sao
Paulo (USP). The DNA of the blood samples was extracted using the Illustra Blood Genomicprep Kit (GE Health
Care®) according to the manufacturer's guidelines. Among the sampled ticks, a total of 231 specimens (four to five
per animal) were individually submitted to DNA extraction. Whenever was possible, these samples included 50%
of each tick species from all harvested areas. DNA extraction was performed by the guanidine isothiocyanate and
phenol-chloroform protocol, according to Sangioni et al. (2005). The extracted DNA samples were subsequently
stored at -20°C until PCR assays.

All DNA samples extracted from whole blood were subjected to PCR to confirm the gene encoding of the
enzyme glyceraldehyde-3 phosphate dehydrogenase (GAPDH). To assess the integrity of the extracted DNA and
the absence of PCR inhibitors, the oligonucleotides F- 5" CCT TCA TTG ACC TCA ACT ACA T 3’ and R- 5’ CCA AAG
TTG TCA TGG ATG ACC 3’ were used (Birkenheuer et al., 2017). For each sample, a mixture of 25 pL was prepared
to contain 1.0 ymol/pL of each oligonucleotide (10 pmol), 1 x Taq polymerase buffer (Invitrogen®), 1.5 mM MgCl,,
0.2 mM dNTP (Invitrogen®), 1 U of Taq polymerase (Invitrogen®), and approximately 2.0 ng of extracted DNA.
The PCR assays were performed following the protocol on the thermocycler: one initial denaturation cycle (5 min,
95°(), followed by 40 cycles of denaturation (1 min, 95°C), annealing (1 min, 53°C), and extension (1 min, 72°C),
and a final extension cycle (5 min, 72°C).

All samples of DNA extracted from ticks were submitted to PCR to confirm the mitochondrial gene 16S rRNA
specific for ticks, using the oligonucleotides TK-F 5 CTG CTC AAT GAT TTT TTA AAT TGC GG 3" and TK-R 5" ACG CTG
TTATCC CTA GAG 3' (Halos et al., 2004). In this case, for each sample, a mixture of 25 pL was prepared to contain
1.0 pmol/pL of each oligonucleotide (10 pmol), 1 x Taq polymerase buffer (Invitrogen®), 1.0 mM MgCl, 0.2 mM
dNTP (Invitrogen®), 1 U of Taq polymerase (Invitrogen®), and approximately 2.0 ng of extracted DNA. The PCR
assays were performed following the protocol on the thermocycler: one initial denaturation cycle (8 min, 94°C),
followed by 10 cycles of denaturation (1 min, 92°C), annealing (1 min, 48°C), and extension (1 min 30s, 72°C). And
32 cycles of denaturation (1 min, 92°C), annealing (1 min, 54°C), extension (1 min 30s 72°C), and a final extension
step (10 min 72°C).

After confirming the quality of the extractions, all DNA samples were subjected to PCR in duplicate using the
oligonucleotides CS78-5' GCA AGT ATC GGT GAG GAT GTA AT 3'and CS323-5' G CTT CCT TAA AAT TCA ATA AAT CAG
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GAT 3', which amplify a 401 bp fragment of the citrate synthase gene (gl/tA) of Rickettsia spp. (Labruna et al., 2004).
For each sample, a mixture of 25 pL was prepared to contain 1.0 pmol/pL of each oligonucleotide (10 pmol), 1 x Taq
polymerase buffer (Invitrogen®), 0.75 mM MgCl,, 0.2 mM dNTP (Invitrogen®), 1 U of Taq polymerase (Invitrogen®),
and 2.0 ng of extracted DNA. These PCR assays were performed following the protocol on the thermal cycler: one
denaturation cycle (5 min, 94°C), followed by 40 cycles of denaturation (1 min, 94°C), annealing (1 min, 56°C), and
extension (1 min, 72°C), and a final extension cycle (5 min, 72°C). Samples yielding amplicons by this PCR assay
were tested in a heminested PCR protocol targeting the rickettsial ompA gene, specific for spotted fever group
agents. For this purpose, the first reaction used the oligonucleotides Rr190.70F (5-ATG GCG AAT ATT TCT CCA
AAA-3") and Rr190.701R (5- GTT CCG TTA ATG GCA GCA TCT-3'), which amplify a 631 bp fragment, and the second
reaction used oligonucleotides Rr190.70F and Rr190.602R (5'-AGT GCA GCA TTC GCT CCC CCT-3'), which amplify a
532 bp fragment of ompA gene, as previously reported (Eremeeva et al., 2006). Positive and negative controls were
used for each reaction; samples containing R. rickettsii DNA were used as a positive control and Milli-Q ultrapure
water as a negative control.

Besides, tick DNA samples were also tested by a Rickettsia bellii-specific PCR assay, using the oligonucleotides
5'-ATC CTG ATT TGC TGA ATT TTT T-3' (forward) and 5-TGC AAT ACC AGT ACT GAC G-3' (reverse), which amplify a
338 bp fragment of gltA of only R. bellii, as previously reported (Szab6 et al., 2013; Hecht et al., 2016).

All PCR reactions were performed on a Biorad MyCyclerTM Thermal Cycler (Bio-Rad Laboratories, Hercules, CA).
The amplification products were separated by electrophoresis on a 2% agarose gel, stained in ethidium bromide
(Vetec Sigma-Aldrich®, St Louis, MO), and visualized on an ultraviolet transilluminator (UV transilluminator ®, UVP
LLC, Upland, 32 CA).

PCR amplicons of the expected size were purified using the NucleoSpin® Kit Gel and PCR Clean-up (Macherey-
Nagel®©), according to the manufacturer's recommendations, and sent for genetic sequencing. The sequencing was
carried out at Resource Center Biological Sciences and Genomic Biology (CREBIO) from UNESP in Jaboticabal, using
the Sanger method, in an automatic sequencer with 96 capillaries ABI 3730 XL DNA Analyzer (Applied Biosystems,
Foster City, California (CA)). Obtained sequences were then subjected to BLAST analyses to infer the closest identities
with organisms available in GenBank.

Serological assays

The serological tests consisted of performing indirect immunofluorescence (IFT) and were carried out at the
Department of Preventive Medicine and Animal Health of the Faculty of Veterinary Medicine and Animal Science
at the University of Sdo Paulo (USP). Blood samples from capybaras were separated by centrifugation and stored
at-20 °C until IFT assays were performed. For the tests, slides fixed with the antigen of five Rickettsia species were
used: R. rickettsii, R. bellii, R. parkeri, R. amblyommatis, and R. rhipicephali. In addition to the serum samples from
the study capybaras, negative and positive controls were impregnated in each slide from reactive and non-reactive
serum samples from previously tested capybaras (Souza et al., 2009). The slides were incubated with fluorescein
isothiocyanate linked to the capybara anti-IgG, produced at the Zoonosis Control Center (CCZ) in Sao Paulo, SP.
The initial dilution was 1:64. The final titration reactions in each of the Rickettsia species tested were determined
for each serum sample. The antigen for the tested species that showed antibody titers four times greater than the
other antigens’ titers was considered the possible antigen involved in a homologous reaction.

Results

Fifty-seven free-living capybaras were captured to collect biological samples: 15 males (13 adults and two young)
and 42 females (35 adults and seven young). Regarding the sampled regions, one adult male and sixteen females
(nine adults and seven young) were captured in Area 1; four adult females and seven males (one young and six
adults) in Area 2; five adult females and seven males (one young and six adults) in Area 3; two adult females in
Area 4; and 15 adult females were captured in Area 5.

The PCR assays targeting the rickettsial gltA gene of Rickettsia spp. did not amplify any DNA fragments in the
57 genomic DNA samples extracted from the capybaras’ blood. All these DNA samples yielded amplicons by the
GAPDH PCR assay, confirming successful DNA extraction from capybara blood.

Among the serum samples collected, two were insufficient to perform the immunoassays. Of the 55 samples
tested using IFT, 53 (96.3%) reacted to at least one of the five Rickettsia species. Twenty-one samples (39.6%),
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including capybaras from all sampled areas, identified the R. bellii antigen as a probable antigen involved in
a homologous reaction (PAIHR), with titration at least four times higher than the antigens of the other tested
species. Two samples (3.8%) from capybaras of Area 5, near Paranoa lake, identified the R. parkeri antigen as
PAIHR (Table 1).

Table 1. Results of immunoassay analyses of serological samples from capybaras for Rickettsia spp.

Capybara Final tritation point for the respective Rickettsia spp.
N° Age Sex R. rickettsii R. parkeri R. amblyommatis R. rhipicephali R. bellii PAIHR
1 Adult Female <64 128 <64 64 128 ?
2 Adult Female 256 256 256 512 256 ?
3 Adult Female <64 64 <64 64 256 R. bellii
4 Adult Female <64 64 <64 64 256 R. bellii
5 Adult Female 128 128 128 256 512 ?
6 Adult Female <64 128 64 128 256 ?
7 Adult Female 64 64 64 64 128 ?
8 Adult Female 128 <64 64 128 256 ?
9 Adult Female <64 128 64 <64 128 ?
10 Adult Male <64 128 64 <64 256 ?
11 Adult Female <64 64 64 <64 256 R. bellii
12 Adult Female <64 128 64 128 512 R. bellii
13 Adult Male <64 <64 64 64 512 R. bellii
14 Young Female <64 <64 <64 64 128 ?
15 Young Female <64 <64 <64 64 256 R. bellii
16 Adult Male 128 <64 <64 64 512 R. bellii
17 Young Female 128 <64 <64 <64 512 R. bellii
18 Young Male 64 <64 <64 128 512 R. bellii
19 Young Female 128 <64 <64 128 512 R. bellii
20 Young Male 64 <64 <64 64 512 R. bellii
21 Adult Male 64 <64 <64 128 256 ?
22 Young Female <64 <64 <64 <64 128 R. bellii
23 Young Female 256 <64 <64 128 256 ?
24 Adult Male 64 128 <64 128 128 ?
25 Adult Female <64 <64 <64 <64 256 R. bellii
26 Adult Female <64 <64 <64 <64 128 R. bellii
27 Adult Male <64 <64 <64 <64 256 R. bellii
28 Adult Female <64 <64 <64 <64 <64 -
29 Adult Female <64 <64 <64 <64 <64 -
30 Young Female <64 <64 <64 <64 64 R. bellii
31 Adult Female <64 64 <64 <64 128 ?

PAIHR: Probable antigen involved in a homologous reaction; (?): It was not possible to establish a probable antigen; (-): No serum reaction for
any antigen.
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Table 1. Continued...

Capybara Final tritation point for the respective Rickettsia spp.

N° Age Sex R. rickettsii R. parkeri R. amblyommatis R. rhipicephali R. bellii PAIHR
32 Adult Male <64 <64 <64 <64 128 R. bellii
33 Adult Female <64 <64 <64 64 64 ?
34 Adult Male <64 <64 <64 64 64 ?
35 Adult Male <64 64 <64 <64 128 ?
36 Adult Female <64 <64 <64 <64 128 R. bellii
37 Adult Female 64 <64 <64 <64 512 R. bellii
38 Adult Male 64 <64 <64 <64 128 ?
39 Adult Male 64 <64 <64 <64 128 ?
40 Adult Female <64 128 <64 <64 256 ?

41 Adult Male <64 64 <64 <64 256 R. bellii
42 Adult Female 128 128 <64 64 256 ?
43 Adult Female <64 256 <64 <64 128 ?
44 Adult Female 64 512 <64 <64 512 ?
45 Adult Female 64 256 128 <64 64 ?

46 Adult Female 64 <64 <64 <64 256 R. bellii
47 Adult Female 128 128 <64 64 256 ?
48 Adult Female <64 <64 <64 <64 64 ?
49 Adult Female 128 128 64 <64 128 ?
50 Adult Female 128 256 64 <64 256 ?

51 Adult Female 64 128 <64 64 256 ?
52 Adult Female <64 512 <64 <64 128 R. parkeri
53 Adult Female 64 512 128 64 128 R. parkeri
54 Adult Female <64 64 <64 <64 64 ?
55 Adult Female 128 64 <64 128 128 ?

PAIHR: Probable antigen involved in a homologous reaction; (?): It was not possible to establish a probable antigen; (-): No serum reaction for
any antigen.

The results of the hemogram and biochemical tests performed for all capybaras were within the reference range
for the species (data not shown). No intracytoplasmic inclusions characteristic of hemoparasites were found in any
blood smear. The capybaras examined in the present study did not demonstrate any visible clinical abnormalities.

Tick infestations were visually detected in all 57 capybaras, from which a total of 592 ticks were collected. These
were identified as 173 Amblyomma sculptum (89 males, 45 females, and 39 nymphs), 410 A. dubitatum (184 males,
57 females, and 169 nymphs), and nine larvae of Amblyomma spp. DNA extraction was performed on 231 ticks,
122 A. sculptum (77 males, 33 females, and 12 nymphs), 108 A. dubitatum (33 males, 29 females, and 46 nymphs),
and one larva of Amblyommma sp. As most of A. dubitatum (341) were from Area 5, only 47 from this area were
randomly submitted to DNA extraction and PCR to maintain the proportion of ticks analyzed among the five areas
(Table 2). From these samples, the only one did not yield amplicons by the PCR assay targeting the tick 16S rRNA
gene; therefore, it was discarded from the study.

The PCR assays targeting the rickettsial gltA gene of Rickettsia spp. yielded amplicon in one nymph and one
female of A. dubitatum, collected from two adult female capybaras captured in Area 5, near Paranoa Lake. These
same tick samples also yielded amplicon by the ompA PCR assay. PCR products of these two ticks were sequenced
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Table 2. Number of ticks collected from capybaras according to the stage, taxonomic classification, area, and the number of
ticks tested by polymerase chain reaction (PCR).

Taxonomic identification

Stage Amblyomma sculptum Amblyomma dubitatum Amblyomma spp.
Total PCR Total PCR Total PCR
Larva 0 0 0 0 9 1
Nymph 39 12 169 46 0 0
Adult Male 89 77 184 33 0 0
Adult Female 45 33 57 29 0 0
Total 173 122 410 108 9 1
Area 1 4 40 27 25 0 0
Area 2 35 34 20 17 1 0
Area 3 31 27 22 19 0 0
Area 4 11 9 0 0 0 0
Area 5 55 12 341 47 8 1

showing to be identical to each other for each of the two rickettsial genes. By BLAST analyses (www.ncbi.nlm.
nih.gov/blast), the consensus gltA sequence (302 bp) was 100% identical to several Rickettsia species, including
R. parkeri (CP040325), R. sibirica (KM288711), R. africae (HQ335126), in addition to several uncharacterized Rickettsia
species; e.g., Rickettsia sp. strain Cooperi (AY362704). The consensus ompA sequence (349 bp) was 100% identical
to Rickettsia sp. strain Cooperi from Brazil (AY362706) and Argentina (KM116017). The gltA and ompA partial
sequences generated in the present study have been deposited in GenBank under accession numbers MW345252
and MW345253.

The R. bellii-specific PCR did not yield amplicon from any A. sculptum tick. However, 25 A. dubitatum ticks (seven
males, nine females, and nine nymphs) yielded an amplicon of the expected size by this assay, indicating the
presence of R. bellii DNA in these ticks. To confirm such findings, amplicons from five ticks (those with the most
visible bands in agarose gel) were sequenced, yielding a consensus gltA sequence (297 bp) 100% identical to several
R. bellii sequences from GenBank, including the type strain RML369-C" (CP000087).

Discussion

According to official data, the Federal District is considered a non-endemic area for BSF (Brasil, 2019a, b). However,
several groups of capybaras (H. hydrochaeris) circulate freely in recreational areas, such as parks and regions
surrounding Paranoa Lake, in Brazil's capital. Also, cases of tick infestations on children and adults who visit these
places are reported yearly on local news. These cases are directly associated with the presence of capybaras, but
no studies reporting the health status of animals of this species in the region have yet been published (G1, 2017;
Medeiros, 2018). Some of these places were used for biological sample collection in the present study.

The PCR assay targeting the genus Rickettsia did not yield amplicons from any of the whole blood samples
collected from the capybaras. The detection of Rickettsia spp. in vertebrate hosts’ blood tissue is considered rare
in the literature, including for capybaras, when experimentally infected with R. rickettsii (Souza et al., 2009). This
finding stems from the fact that rickettsiae have endothelial cells as their primary target and, after the first contact
with the host, remain in the bloodstream for short periods, migrating quickly to the tissues, which results in
undetectable concentrations in molecular assays from blood samples (La Scola & Raoult, 1997; Horta et al., 2007;
Souza et al.,, 2009; Levin et al., 2016).

Despite the negative PCR results, 96% of the capybara samples (Table 1) showed serum reaction in the IFT
assays. It should be noted that all species of Rickettsia spp. have common membrane antigens that can cross-
react with antibodies present in the serum of the animals tested (La Scola & Raoult, 1997). Therefore, dilution at
higher titers was necessary to detect possible antigens involved in the reaction. Even at higher titrations, 53 of the
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samples were sera reactive for several genus Rickettsia species (R. rickettsii, R. parkeri, R. bellii, R. rhipicephali, and
R. amblyommatis), making it impossible to detect PAIHR.

In samples of capybaras in which PAIHR determination was possible, serological tests showed R. bellii (39.6%)
and R. parkeri (3.8%) as PAIHR. These results were lower than those of Pacheco et al. (2007), who demonstrated
serological evidence of R. bellii (68.5%) and R. parkeri (34.2%) in capybaras in non-endemic regions of Sdo Paulo. In
addition to the diagnosis in A. dubitatum, serological evidence of bacteria of the two species found in other domestic
animals such as dogs and horses in the state of Sdo Paulo has also been reported (Horta et al., 2004; Labruna et al.,
2004; Pacheco et al., 2007). It is worth mentioning that the present work is the first report of seroreactive capybaras
for these bacterial species in the Federal District region.

The more significant detection (39.6%) of antigen for R. bellii can determine this species as the probable agent
with greater circulation in Federal District's capybara populations. In a BSF-endemic area of Sdo Paulo, serological
studies carried out on ten capybaras demonstrated the antigen for R. rickettsii as PAIHR in 80% of the sampled
animals, whereas in the other 20%, it was not possible to determine the possible species involved (Costa et al.,
2019). Despite having a considerably smaller sample population, these results differ from those of the present
study, which did not detect any sample with PAIHR for R. rickettsii; this may be related to the fact that the Federal
District constitutes a non-endemic area for BSF.

On the other hand, R. parkeri, found in 3.8% of the serologically tested capybaras, belongs to the SFG and has
a pathogenic potential for humans (Paddock et al., 2004; Venzal et al., 2004). However, no case of death from an
infection related to this species has yet been reported, characterized by moderate clinical manifestations compared
to those caused by R. rickettsii (Paddock et al., 2004; Silveira et al., 2007). Itis important to note, however, thatin the
routine diagnosis of BSF in humans, most serological tests have been using only the antigen for R. rickettsii, which
may miss cases of infection by R. parkeri or other species of the genus in humans (Silveira et al., 2007).

No clinical or laboratory abnormalities were found in the present study. Characteristically in humans and
guinea pigs, laboratory changes caused by rickettsiosis are generally nonspecific and may present moderate
anemia, thrombocytopenia, mild leukopenia, hyponatremia, and possible changes in biochemical markers of renal
dysfunction and liver enzymes (Parola et al., 2005). It is worth mentioning that the formation of antibodies against
bacteria of the genus is directly associated with previous contact with the agents in question, but this does not mean
that they are causing a disease (rickettsiosis). Besides, it is impossible to determine the time exposure nor whether
there was the complete physiological recovery in the animals. The hematological results were similar to those
previously reported for capybaras experimentally infected by R. rickettsii and uninfected capybaras (Arouca et al.,
2000; Madella et al., 2006; Souza et al., 2009).

The findings on the tick species A. sculptum and A. dubitatum in the present study are compatible with previous
studies that reported co-infestations and characterized capybaras as the primary hosts of both species arthropods
(Labrunaetal., 2007; Luz et al., 2019). Both species can also parasitize humans and other animal species, contributing
to the circulation of possible rickettsiosis in different animal populations (Labruna et al., 2007; Brites-Neto et al.,
2018).

We found molecular evidence for the presence of two Rickettsia species infecting A. dubitatum: R. bellii as the
prevailing agent, found in 23.1% (25/108) of the tested specimens, and Rickettsia sp. strain Cooperi, in only 1.9%
(2/108) of the A. dubitatum ticks. These findings are similar to those reported by Labruna et al. (2004), who found
R. bellii and Rickettsia sp. strain Cooperi infecting 40% and 7.5% of the A. dubitatum ticks in an area of the state of Sdo
Paulo. Rickettsia sp. strain Cooperiis a R. parkeri-like agent reported infecting A. dubitatum ticks in one area of Brazil
(Labruna et al., 2004) and another area in Argentina (Monje et al., 2015). Herein, we confirmed the identification
of this agent based on an ompA partial sequence, which is highly polymorphic (Labruna et al., 2004). On the other
hand, the gltA gene is highly conserved among various rickettsiae of the spotted fever group, which explains our
overall BLAST results for this gene. Indeed, our molecular results on ticks infesting capybaras corroborate the
serological status of these animals, i.e., 39.6% with R. bellii as the PAIHR, and 3.8% with R. parkeri as PAIHR.

While the present study’'s capybaras were also infested by A. sculptum, we found no molecular evidence of
rickettsial infection in this tick species. This result is corroborated by several previous studies from BSF-nonendemic
areas of the state of Sdo Paulo, where no rickettsial agents were detected in A. sculptum, in contrast to a higher
prevalence of R. belliiamong A. dubitatum from the same areas (Sangioni et al., 2005; Horta et al., 2007; Pacheco et al.,
2009).

While 25 A. dubitatum ticks yielded amplicon by the R. bellii-specific PCR assay, none of these samples yielded
amplicon by the PCR assay targeting a portion of the gltA gene of Rickettsia spp. Noteworthy, this result was
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confirmed independently in two laboratories of the authors of the present study, by using different sets of reagents,
including the primers (data not shown). These contrasting results were unexpected, as the Rickettsia spp-gltA
assay was previously shown to amplify R. bellii from several tick species, including A. dubitatum (Labruna et al.,
2004; Pacheco et al., 2009; Szabo et al., 2013). One possible reason for such results could be that the R. bellii strain
infecting the A. dubitatum population of the Federal District presents some unique polymorphism in the region of
the gl/tA gene that corresponds to at least one of the primers used in the Rickettsia spp-gltA assay. In fact, the set
of primers of the present Rickettsia spp-gltA assay, which was designed primarily for SFG rickettsiae (M.B. Labruna,
personal communication), has some significant polymorphisms when aligned with R. bellii sequences from GenBank
(Table 3). Thus, the sensitiveness of this genus level-PCR assay might oscillate for R. bellii, depending on reagents
and equipment (inherent to each laboratory), cycling conditions, and strain polymorphism. For this reason, the
adoption of R. bellii-more specific assays is highly recommended in such cases.

Table 3. Nucleotide sequence alignment for the regions of the Rickettsia bellii gltA gene corresponding to primers CS-78 and CS-323.

R. bellii strain Primer CS-78 (forward) Primer CS-323 (reverse)
(GenBank acc. no.) 5.3 5.3
Primer sequence GCAAGTATCGGTGAGGATGTAAT GCTTCCTTAAA---ATTCAATAAATCAGGAT
RML 369-C" (CPOOOO87) ... T.GCovvrvvvncs. T....AAA.....GC..........
Mogi-A. dubitatum (MF154866) Not available .. T....AAA....GC..........
RB-CL-/. loricatus (KX137900) Not available . T....AAA....G..........

A study on the experimental infection of R. rickettsiiin a R. bellii-infected population of A. dubitatum showed that
R. bellii-infected ticks were unable to sustain R. rickettsii infections for consecutive generations (Sakai et al., 2014).
Also, while the transovarian transmission of R. rickettsii was inefficient in all tested ticks, 100% of the same ticks
performed transovarian transmission to R. bellii. This finding reinforces that the primary infection of Rickettsia species
might prevent the transovarian transmission of a second species, which suppresses or cancels species from the
tick population (Macaluso et al., 2002; Sakai et al., 2014). Our molecular results in A. dubitatum and also serological
evidence of exposure of capybaras to R. bellii may suggest the inability of R. rickettsii to become established in the
tick populations of the Federal District.

A small number of ticks classified as A. sculptum (29%) was found in the present study. The species A. sculptum
is considered the primary vector of R. rickettsii in Brazil (Costa et al., 2019). The predominance of the A. dubitatum
in relation to A. sculptum observed in this work is also compatible with non-endemic areas for BSF, according to an
epidemiological study published by Luz et al. (2019), who observed contrast between the predominant species in the
tick populations in endemic and non-endemic areas, with the non-endemic being characterized by approximately
60% of A. dubitatum and endemic areas by approximately 90% of A. sculptum. These data can be related to what
constitutes the Federal District as a non-endemic area for BSF.
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