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SUMMARY

Anaplasmataceae agents comprise obligate intracellular bacteria that can cause disease in humans
and animals. Between August 2013 and March 2015, 31 Nasua nasua (coati), 78 Cerdocyon thous
(crab-eating fox), seven Leopardus pardalis (ocelot), 110 wild rodents, 30 marsupials, and 42 dogs

were sampled in the Pantanal wetland, Brazil. In addition, ectoparasites found parasitizing the
animals were collected and identified. The present work aimed to investigate the occurrence of
Anaplasmataceae agents in wild mammals, domestic dogs and ectoparasites, by molecular and
serological techniques. Overall, 14 (17-9%) C. thous, seven (16-6%) dogs and one (3-2%)

N. nasua were seroreactive to Ehrlichia canis. Nine dogs, two C. thous, one N. nasua, eight wild
rodents, five marsupials, eight Amblyomma sculptum, four Amblyomma parvum, 13 A. sculptum
nymphal pools, two Amblyomma larvae pools and one Polygenis ( Polygenis) bohlsi bohlsi flea
pool were positive for Ehrlichia spp. closely related to E. canis. Seven N. nasua, two dogs, one
C. thous, one L. pardalis, four wild rodents, three marsupials, 15 A. sculptum, two Amblyomma
ovale, two A. parvum and one Amblyomma spp. larval pools were positive for Anaplasma spp.
closely related to A. phagocytophilum or A. bovis. The present study provided evidence that wild
animals from Brazilian Pantanal are exposed to Anaplasmataceae agents.
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INTRODUCTION

Anaplasmataceae agents are obligate intracellular
bacteria, resident in phagosomes and belonging to
the order Rickettsiales, family Anaplasmataceae, a
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sub-division of Proteobacteria, whose cycle in the
environment involves complex interactions between
invertebrate vectors and vertebrate hosts. Some
Anaplasmataceae agents, such as Ehrlichia spp. and
Anaplasma spp., have great importance in veterinary
and human medicine. For instance, while Ehrlichia
canis is the etiological agent of canine monocytic ehr-
lichiosis (CME), a widespread tick-borne disease
among dogs around the world, 4. phagocytophilum
and Ehrlichia chaffeensis are the main agents respon-
sible for human granulocytic anaplasmosis and
human monocytic ehrlichiosis (HME), respectively,
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in humans in North Hemisphere. The clinical presenta-
tion caused by Anaplasmataceae agents includes fever,
headache, petechiae, myalgia, althralgia, rash, cough,
nausea, vomiting, abdominal pain, diarrhea, leukopenia,
thrombocythopenia and elevated liver enzymes [1].

In Brazil, the recent molecular detection of 4. pha-
gocytophilum [2, 3] in domestic dogs, associated with
the detection of new genotypes of Ehrlichia spp. and
Anaplasma spp. in deer [4, 5], birds [6], wild canids
[7], domestic and wild felids [8, 9], and rodents [10]
has shown a diversity of Anaplasmataceae agents cir-
culating in domestic and wild mammals.

The aim of the present study was to investigate the
occurence of Anaplasmataceae agents (Ehrlichia and
Anaplasma) in wild mammals, domestic dogs and
their respective ectoparasites in the Pantanal wetland,
in order to shed some light on the role of wild animals
in the epidemiology of Anaplasmataceae agents in
wild environments. The Pantanal is a 160000 km?
floodplain located in the centre of the South American
continent. It is a mosaic of seasonally inundated native
grasslands, savannas and scrub savannas, river corri-
dors, lakes, gallery forests and patches of scrub and
semi-deciduous forests. In this highly diverse environ-
ment, in which humans, wild and domestic animals
and arthropods species share the same habitat, the land-
scape dynamics and resource availability change
according to a multi-year variation of flooding intensity
[11]. Although the number of studies investigating the
role of wild animals in the epidemiology of diseases
caused by Anaplasmataceae agents has increased
around the world, few studies [12] have focused on the
occurrence of these agents in the Pantanal wetland.

MATERIAL AND METHODS
Ethical aspects

All animal captures were in accordance with the
licenses obtained from the Brazilian Government
Institute for Wildlife and Natural Resources Care
(IBAMA) (license numbers 38145 and 38787-2)
and were endorsed by the Ethics Committee of
FCAV/UNESP University (Faculdade de Ciéncias
Agrarias e Veterinarias, Universidade Estadual Paulista
‘Julio de Mesquita Filho’, Campus Jaboticabal) no.
006772/13.

Study area

The fieldwork was conducted at the Nhumirim
ranch (56°39" W, 18°59'S), located in the central
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region of the Pantanal, municipality of Corumba,
state of Mato Grosso do Sul, central-western Brazil
(Fig. 1). This region is characterized by a mosaic of
semi-deciduous forest, arboreal savannas, seasonally
flooded fields covered by grasslands with dispersed
shrubs and several temporary and permanent ponds.
The Pantanal is the largest Neotropical floodplain,
being well known for its rich biodiversity. Two well-
defined seasons are recognized in that region: a rainy
summer (October—March) and a dry winter (April-
September) [13, 14].

Animals sampled

Between the years of 2013 and 2015, four field expedi-
tions were performed in August 2013, October 2013,
August 2014 and March 2015. Free-ranging C. thous
(crab-eating fox), N. nasua (coati) and L. pardalis
(ocelot) were caught using a Zootech® (Curitiba, PR,
Brazil) model wire box live trap (1 x 0-40 x 0-50 m?),
which was made with galvanized wire mesh and baited
with a piece of bacon every afternoon. Twenty traps
were placed on the ground at 2 km intervals, left
open during 24 h and checked twice a day for 12
days. The animals were immobilized with an intra-
muscular injection of zolazepan and tiletamine at
dosages of 8 mg/kg for ocelots and 10 mg/kg
crab-eating foxes and coatis. Blood samples were col-
lected by puncture of the cephalic vein stored in
Vacutainer® containing EDTA and stored at —20 °C
until DNA extraction.

Small mammals (rodents and marsupials) were
captured using live traps (Sherman® — H. B. Sherman
Traps, Tallahassee, FL, USA and Tomahawk®
Tomahawk Live Traps, Tomahawk, WI, USA) baited
with a mixture of banana, peanut butter, oat and sar-
dines. Traps were set up for seven consecutive nights
along linear transects, placed on the ground at 10 m
intervals and alternating between trap type in two
field expeditions (August 2014 and March 2015).
The total capture effort was 200 traps-nights, equally
distributed in two expeditions (August 2014 and
March 2015). The captured rodents and marsupials
were euthanized in order to perform the identification
of the animal’s species, based on external and cranial
morphological characters and karyological analyses.
The animals were firstly anesthetized with an intra-
muscular injection of ketamine (10-30 mg/kg) with
acepromazine (5-10 mg/kg) for rodents (proportion
9:1), or xylazine (2 mg/kg) for marsupials (1:1).
After anesthesia, the animals were euthanized with
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Fig. 1. Capture sites. Map of Mato Grosso do Sul State, central-western Brazil, showing the Pantanal region, where

animals samples were sampled in the present study.

potassium chloride, which doses ranged from 75 to
150 mg/kg. Spleen samples were collected and
stored in absolute alcohol (Merck®, Kenilworth,
Nova Jersey, USA).

A total of 256 animals were captured, including 158
carnivores, including 78 C. thous, 31 N. nasua, seven
L. pardalis, 110 wild rodents (77 Thrichomys fosteri,
25 Oecomys mamorae and eight Clyomys laticeps)
and 30 wild marsupials (14 Thylamys macrurus, 11
Gracilinanus agilis, four Monodelphis domestica and
one Didelphis albiventris). Additionally, 42 blood sam-
ples from domestic dogs cohabiting the same studied
area were collected [13, 14].

Ectoparasites identification

Ticks and fleas found parasitizing the sampled ani-
mals were detected by inspection of the skin and
carefully removed by forceps or manually. The
identification was performed using a stereomicro-
scope (Leica® MZ 16A, Wetzlar, Germany) and fol-
lowing taxonomic literature for adult tick genera
[15, 16], and Amblyomma spp. nymphs [17].
Amblyomma spp. larvae could not be identified to
the species level considering the insufficient litera-
ture available until now. The identification of fleas
was performed following previously described taxo-
nomic keys [18].
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Serological assays

Canids, felids, coatis and rodents’ serum samples were
individually tested by Indirect Fluorescent Antibody
Test (IFAT) in order to detect IgG antibodies to
E. canis and A. phagocytophilum. For that purpose,
E. canis and A. phagocytophilum crude antigens were
cultivated in DHS82 cells and HL-60 cells infected
with Jaboticabal strain of E. canis strain [19] and
Webster strain of A. phagocytophilum, respectively.
Briefly, antigen slides were removed from storage
and allowed to thaw at room temperature for 30
min. Ten microliters of twofold dilutions of sera (start-
ing at 1 : 80, the cut-off for E. canis and A. phagocyto-
philum) were placed in wells on antigen slides. On each
slide, previously determined non-reactive and reactive
serum samples to E. canis were used as negative
and positive controls, respectively [9, 20]. A known
positive A. phagocytophilum serum (titer 1:2560)
was obtained from a horse experimentally infected
with the Webster strain of A. phagocytophilum at
Department of Veterinary Pathology, UNESP,
Jaboticabal, Sdo Paulo, Brazil. A horse serum sample
negative for A. phagocytophilum was used as negative
control. Slides were incubated at 37 °C in a moist
chamber for 30 min, washed three times in PBS (pH
7-2) for 5Smin, and air dried at room temperature.
Then, the slides were incubated with fluorescein isothio-
cyanate labeled anti-mouse IgG (Sigma®, St. Louis,
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USA) for wild rodents, goat anti-dog IgG (Sigma®,
St. Louis, USA) for C. thous and domestic dogs, goat
anti-cat IgG (Sigma®, St. Louis, USA) for L. pardalis,
goat anti-raccoon IgG (Sigma®, St. Louis, USA) for
N. nasua and goat anti-horse IgG (Sigma®, St. Louis,
USA) for A. phagocytophilum control serum sample.
Anti-cat conjugate (dilution of 1 : 32) for feline samples,
anti-dog conjugate for the canine samples (dilution
of 1:32), anti-raccoon (dilution of 1:10), anti-mouse
conjugate for the wild rodents samples and anti-horse
(dilution of 1 : 64) were diluted according to the manu-
facturer’s instructions and then added to each well.
These slides were incubated again at 37 °C, washed
three times in PBS, once more in distilled water, and
air dried at room temperature. Finally, slides were over-
laid with buffered glycerin (pH 8-7), covered with glass
coverslips, and examined with a fluorescence micro-
scope (Olympus®, Tokyo, Japan). Unfortunately, it
was not possible to test the marsupial’s serum samples,
due to the unavailability of conjugate for this animal
species in the laboratory.

Molecular assays

DNA was extracted from 200 ul of each whole blood
(158 wild carnivores and 42 domestic dogs) and 10 mg
of spleen (140 small mammals) samples using the
DNeasy Blood & Tissue Kit (QIAGEN®™, Valencia,
CA, USA), according to the manufacturer’s instruc-
tions. DNA was extracted from 523 tick samples,
including 228 (43:5%) adults, 256 (48-9%) pooled
nymphs, and 39 (7-4%) pooled larvaec. DNA extrac-
tion from ticks was processed in pools for nymphs
(up to five individuals) and larvae (up to 10 indivi-
duals). The adults were processed individually. A
total of 39 pooled fleas samples (each one consisting
of up to five individuals) were used for DNA extrac-
tion. Ticks and fleas were macerated and DNA
extracted using the same kit above mentioned [13, 14].

In order to verify the presence of amplifiable DNA
in the samples, internal control polymerase chain
reaction (PCR) assays targeting fragments of mam-
malian glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) [21], tick mitochondrial 16S rRNA genes
[22] and flea cytochrome-c oxidase subunit I (COX1)
[23] genes were performed (Table S1).

First, a previously described broad range multiplex
gPCR protocol based on groEL gene (Table S2) to
detect and quantify FEhrlichia spp. and Anaplasma
spp. [10] and cPCR assays targeting 16STRNA genes
[24, 25] (Table S1) of Ehrlichia spp. and Anaplasma
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spp. were performed. The limit of detection of groE
gene fragment quantification for Ehrlichia spp. and
Anaplasma was 10 copies/ul [10]. All positive samples
in groEL qPCR and 16SrTRNA gene cPCR reactions
were tested using previously described specific gPCR
assays to detect and quantify 4. phagocytophilum
(msp2) [26], E. canis (dsb) [27] and E. chaffeensis
(vipt) [28] (Table S2). Additionally, cPCR assays tar-
geting four other protein-coding genes, namely
groESL [29, 30] for Ehrlichia and Anaplasma spp.,
ompl [31] for Ehrlichia spp., dsb [27] for E. canis,
trp36 [32] for E. canis and Ehrlichia minasensis sp.
nov., and msp5 [33] for Anaplasma spp. (Table S1).

The TagMan gPCR reactions based on groEL,
msp2, dsb and vipt genes were performed with a final
volume of 10pul containing 5ul GoTaq® Probe
gPCR Master Mix (Promega Corporation, Madison
USA), 1-2uM of each primer and hydrolysis probe
(Table S2) and 1ul of each DNA sample. PCR
amplifications were performed in low-profile multi-
plate unskirted PCR plates (BioRad®, CA USA)
using a CFX96 Thermal Cycler (BioRad® CA
USA). Serial dilutions were performed aiming to con-
struct standard curves with different plasmid DNA
concentrations (Integrated DNA  Technologies®™,
Coralville, Towa, USA) (20 x 10’20 x 10° copies/pl).
The number of plasmid copies was determined in
accordance with the formula (ng/pl DNA/plasmid
size  (bp) X 660]) X 6:022 x 10** X plasmid copies/pl.
Each qPCR assay was performed including duplicates
of each DNA sample. All the duplicates showing Cq
difference values higher than 0-5 were re-tested.
Amplification efficiency (E) was calculated from the
slope of the standard curve in each run using the fol-
lowing formula (E = 1075°P%) To determine the limit
of detection from the qPCR assay, the standard curves
generated by 10-fold dilutions were used to determine
the amount of DNA that could be detected with 95%
of sensitivity [34].

The cPCR reactions contained 10X PCR buffer (Life
Technologies®, Carlsbad, CA, USA), 1 mM MgCl,
(Life Technologies®, Carlsbad, CA, USA), 0-2 mM
deoxynucleotide triphosphate (ANTPs) mixture (Life
Technologies®, Carlsbad, CA, USA), 15 U Taq
DNA Polymerase (Life Technologies®, Carlsbad, CA,
USA), and 0-5puM of each primer (Integrated DNA
Technologies®, Coralville, TA, USA) (Table SI).
Ehrlichia canis and Anaplasma spp. DNA positive con-
trols were obtained from naturally infected cats [9].
Ultra-pure sterile water (Life Technologies®, Carlsbad,
CA, USA) was used as negative control in all PCR
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assays. PCR products were separated by electrophoresis
on a 1% agarose gel stained with ethidium bromide (Life
Technologies®, Carlsbad, CA, USA). In order to pre-
vent PCR contamination, DNA extraction, reaction
setup, PCR amplification and electrophoresis were per-
formed in separated rooms. The gels were imaged under
ultraviolet light using the Image Lab Software version
4.1 (Bio-Rad®). The reaction products were purified
using the Silica Bead DNA gel extraction kit (Thermo
Fisher Scientific®, Waltham, MA, USA). Sanger
sequencing was performed for all positive samples in
cPCRs assays, using the BigDye® Terminator
v3.1Cycle Sequencing Kit (Thermo Fisher Scientific®,
Waltham, MA, USA) and ABI PRISM 310DNA
Analyzer (Applied Biosystems®, Foster City, CA,
EUA).

Bioinformatics/phylogenetic analysis

Sequences obtained from positive samples in ¢cPCR
assays were first submitted to a screening test using
Phred-Phrap software version 23 [35] in order to
evaluate the electropherogram quality and to obtain
consensus sequences from the alignment of sense
and antisense sequences. The BLAST program [36]
was used to analyze the sequences of nucleotides
(BLASTn), aiming to browse and compare with
sequences previously deposited in an international
database (GenBank) [37]. All sequences that showed
appropriate quality standards and identity with
Ehrlichia spp. or Anaplasma spp. were deposited in
Genbank. The sequences were aligned with sequences
published in GenBank using MAFFT software, ver-
sion 7 [38].

Phylogenetic inference was based on Bayesian
Inference (BI) method. The BI analysis was performed
with MrBayes 3.1.2 [39]. Markov chain Monte Carlo
(MCMC) simulations were run for 10° generations
with a sampling frequency of every 100 generations
and a burn-in of 25%. The best model of evolution
was selected by the program jModelTest2 (version
2.1.6) on XSEDE [40], under the Akaike Information
Criterion (AIC) [41]. All phylogenetic analyses were
performed using CIPRES Science Gateway [41]. The
trees were examined in Treegraph 2.0.56-381 beta [42].

RESULTS

A total of 1582 ticks parasitizing the sampled mam-
mals were collected, of which 1033 (65-2% [115 adults
and 918 nymphs]) belonging to Amblyomma sculptum
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Barlese, 1888 species; 241 (15:2% [78 adults and 163
nymphs]) belonging to Amblyomma parvum Aragio,
1908 species; 32 (2%) Amblyomma ovale (Koch,
1844) adults; one (0-06%) Amblyomma tigrinum
Koch, 1844 adult; one (0-06%) Rhipicephalus
( Boophilus) microplus (Canestrini, 1887) adult; one
(0-06%) Rhipicephalus sanguineus sensu lato adult;
four (0-2%) Amblyomma auricularium (Conil, 1878)
nymphs; and 269 (17%) Amblyomma larvae. Besides,
a total of 80 Polygenis (Polygenis) bohlsi bohlsi fleas
were also collected (Table 1) [13, 14].

All 298 DNA animal samples amplified the pre-
dicted product for GAPDH gene. Out of 523 DNA
sampled ticks, 31 [5:9% (23 A. parvum adults, four
A. sculptum adults, one A. ovale adult, one A. parvum
nymph and two pooled Amblyomma spp. Larvae)]
showed negative results for the tick mitochondrial
16S rRNA gene and were excluded from subsequent
analyses. Only one flea DNA sample did not amplify
the predicted product for COXI1 gene and was also
excluded from subsequent analyses [13, 14].

Overall, 14 (17-9%) C. thous, seven (16-6%) C.
familiaris and one(3-2%) N. nasua were seroreactive
(titre=80) to E. canis. The serorecactive animals
showed titres for E. canis ranging from 80 to 1280.
No wild rodent showed to be seroreactive to E. canis
antigen. Ticks were collected from 12 (54:5%) of 22
seroreactive animals. None of the animals was seror-
eactive for A. phagocytophilum (Table 2).

Twenty-seven animals (9%) were positive in cPCR
assays for Ehrlichia spp. based on 16STRNA gene,
including nine (21-4%) C. familiaris, two (7-6%) C.
thous, one (3-8%) N. nasua, four (15:3%) T. fosteri,
four (15-:3%) O. mamorae, three (11-5%) T. macrurus,
two M. domestica (50%) and two (7-6%) G. agilis.
Additionally, eight A. sculptum adults, four A.
parvum adults, 13 A. sculptum nymphal pools, two
Amblyomma larvae pools and one (2:5%) Polygenis
(P.) bohlsi bohlsi flea pool showed positive results in
cPCR assays for Ehrlichia spp. based on 16STRNA
gene. Two A. sculptum adults positive in cPCR assays
for Ehrlichia spp. based on 16SrRNA were col-
lected from a C. thous that was also positive in
Ehrlichia-cPCR assay based on 16SrRNA gene.
Four (9-5%) dogs were positive in qPCR assays for
Ehrlichia spp. based on groEL gene. Nine dogs
(21-4%) and one Polygenis (P.) bohlsi bohlsi flea
pool also showed positive results in a specific gPCR
for E. canis based on dsb gene (Table 3). All 16S
rRNA gene-Ehrlichia sequences were deposited in
Genbank international database under the accession
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Table 1. Tick species collected from wild mammals captured between August 2013 and March 2015 in Pantanal wetland, Brazil

Ticks®
FLEAS
Polygenis
No. of Infest R (B.))  Rsanguineus Amblyomma (Polygenis)
Animal species anim. (%) A. sculptum  A. parvum  A. tigrinum A. ovale A. auricularium microplus s.l. spp. bohlsi bohlsi
Cerdocyon thous (crab-eating 78 35 (44-8) 34M; 55F; 21M; 34F; IF 4M; 1F 204L
fox) 643N 3N
Nasua nasua (coati) 31 22 (70-9) 10M; 13F; 11M; 6F; 20M; 3N IF 21L
275N 12N 7F
Leopardus pardalis (ocelot) 7 2 (28-5) 3M;. 3F
Canis lupus familiaris 42 1(23) 1F M
(domestic dog)
Thrichomys fosteri 77 23 (29-8) 2N 116N 36L 75
Oecomys mamorae 25 14) 1IN
Clyomys laticeps 8 3(37°5) 13N IN 7L
Thylamys macrurus 14 1(71) 18N 1L 1
Monodelphis domestica 4 0 (0) 4
Gracilinamus agilis 11 0 (0)
Didelphis albiventris 1 0 (0)
Total 298 88 (29-6) 1033 241 1 32 4 1 1 269 80

L, larvae; N, nymphs; M, male adults; F, female adults; N°anim, number of sampled animals; N infest, number of infested animals according to host species.
* A. sculptum, Amblyomma sculptum; A. parvum, Amblyomma parvum; A. tigrinum, Amblyomma tigrinum; A. ovale, Amblyomma ovale; A. auricularium, Amblyomma
auricularium; R.(B.) microplus, Rhipicephalus ( Boophilus) microplus; R. sanguineus s.l., Rhipicephalus sanguineus sensu lato.

[eueiued uel[izelq siuofe sroorvjewe[deuy

(1443
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Table 2. Number of domestic dogs and wild mammals
seroreactive to Ehrlichia canis in Pantanal wetland,
Brazil

Titers for Ehrlichia
canis

Animals (no. tested) 80 160 320 640 1280
Canis familiaris (domestic dog, 42) 7 5 2 1
Cerdocyon thous (crab-eating fox,78) 14 7 3 1 -
Leopardus pardalis (ocelot, 7) o - - -

Nasua nasua (coati, 31) 11 1 1 -
Wild rodents (110) o - - - -
Total (158) 2213 6 3 1
numbers KY499155-KY499181 and KY930380-

KY930407.

Seven (22:5%) N. nasua, one (1-2%) C. thous, one
(14-2%) L. pardalis, two (2:5%) T. fosteri, one
(12-:5%) C. laticeps, one (9%) G. agilis, one (7-1%) T.
macrurus, two (4:7%) C. familiaris, (0-9%), two A.
sculptum nymphal pools and one (3-1%) A. ovale
adult showed positivity in cPCR assays for
Anaplasma spp. based on 16SrRNA gene. Two
(3:5%) T. fosteri, one (4%) O. mamorae, two (18-1%)
G. agilis, one (7-1%) T. macrurus, 10 (3-1%) A. sculp-
tum adults, five (2:4%) A. sculptum nymphal pools,
two (1:5%) A. parvum adults, two (6:2%) A. ovale
adults, and one (2:5%) Amblyomma larvae pool,
were positive in qPCR for Anaplasma spp. based on
groEL gene (Table 3). Positive samples in ¢cPCR
(16SrRNA gene) and qPCR (groEL) assays for
Anaplasma spp. did not show positive results in
cPCR assays based on groESL and msp5 genes neither
in the qPCR assay for 4. phagocytophilum based on
msp2 gene. All 16STRNA gene-Anaplasma sequences
were deposited in Genbank international database
under the accession numbers KY499182 -KY499201.

Co-positivity was observed between the molecular
assays to Ehrlichia spp. and Anaplasma spp. or
between the molecular and serological assays to
Ehrlichia spp. and Ehrlichia canis in two dogs, one
N. nasua, one C. thous, one T. macrurus and one G.
agilis (Table 4).

The BLAST analysis of the 16SrRNA gene of
Ehrlichia spp. showed that sequences obtained from
C. thous, N. nasua, M. domestica, T. macrurus,
G. agilis, T. fosteri, O. mamorae, dogs, a pool of
Polygenis (P.) bohlsi bohlsi, A. sculptum nymphal
pools, A. sculptum adults, Amblyomma spp. larvae
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pools and A. parvum adults samples, showed
99%—-100% identity with Ehrlichia spp. sequences
obtained from free-living wild animals from Brazil
(KX898136, JQ260861, JQ260855), an E. canis
sequence from Brazil (JX118827), an E. canis sequence
obtained from R. sanguineus ticks collected in
Philippines (JN121379), and with an E. canis sequence
from Malaysia (KR920044). The 16SrRNA gene
sequences of Anaplasma spp. obtained from N.
nasua, L. pardalis, C. thous, dogs, T. fosteri, C. lati-
ceps, T. macrurus, G. agilis, A. sculptum nymphal
pool and A. ovale samples, showed 98-100% of iden-
tity with an Anaplasma spp. sequence obtained from
Amblyomma cajennense sensu lato ticks (KJ831219)
collected in the state of Mato Grosso, Brazil,
Anaplasma platys (KU500914, KUS534873) and A.
phagocytophilum (CP006618, GU064900) by BLAST
analysis (Table S3).

The phylogenetic analysis based on 16STRNA gene
fragments of FEhrlichia spp. grouped the sequences
obtained from mammals, ticks and a flea pool
(KY499155-KY499181 and KY930380-KY930407)
together and in the same branch of E. canis sequences
from Brazil (EF195135) and other countries
(EFO011111, EU106856, U26740) and with Ehrlichia
spp. sequences obtained from free-living N. jubata
and wild felids from Brazil (KX898136, EU376114),
based on Bayesian analysis, with clade support of
61 (Fig. 2). Regarding the phylogenetic analysis
of Anaplasma based on 16STRNA gene fragments,
Anaplasma spp. sequences obtained from one
N. nasua (KY499193), one C. familiaris (KY499188)
and one A. sculptum nymphal pool (KY499182)
were grouped in the same clade and together with
one sequence obtained from Carcara plancus from
Brazil (JN217096), one A. phagocytophilum sequence
(GU236670) obtained from an Austrian dog and
one Anaplasma sp. sequence (KF964051) obtained
from a domestic cat from Brazil, based on BI analysis.
Four Anaplasma spp. 16SrTRNA gene sequences
obtained from N. nasua (KY499184, KY499187,
KY499194, KY499195), one sequence obtained from
L. pardalis (KY499183), one sequence obtained
from C. thous (KY499185), two sequences obtained
from T. fosteri (KY499197, KY499198), one sequence
obtained from C. laticeps (KY499196), one
sequence obtained from 7. macrurus (KY499200),
one sequence obtained from G. agilis (KY499199),
one sequence obtained from one A4. sculptum nymphal
pool (KY499201) and one sequence obtained from
one A. ovale adult (KY499191) were positioned in
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Table 3. Number of domestic dogs and wild mammals positive in gPCR and ¢PCR assays for Ehrlichia and Anaplasma

Agents
Ehrlichia Anaplasma
qPCR qPCR qPCR
groEL+  groEL+ groEL+
qPCR gqgPCR  cPCR qPCR cPCR qPCR dsb + gqPCR groEL +qPCR ¢PCR cPCR cPCR
HOST groEL dsb 16STRNA  dsh 16STRNA  cPCR 16SrRNA dsb + cPCR 16STRNA  groEL 16STRNA  16SrRNA
Canis familiaris (domestic 4 9 9 1 2 4 3 - 2 -
dog)
Cerdocyon thous (crab-eating — - 2 — - - — _ 1 _
fox)
Nasua nasua (coati) - - 1 - _ — _ _ 7 _
Leopardus pardalis (ocelot) - - - - - - - — 1 _
Clyomys laticeps — - - - _ — _ _ 1 _
Thrichomys fosteri - - 4 - - - — 2 2 2
Oecomys mamorae - - 4 - - - — 1 _ _
Gracilinamus agilis - - 2 - — - _ 2 1 1
Thylamys macrurus - - 3 - _ _ _ 1 1 1
Monodelphis domestica — — 2 — _ _ _ _ _
Amblyomma ovale adult - - - - - _ _ 2 1 1
Amblyomma sculptum adult — - 8 - - - _ 10 _ _
Amblyomma sculptum - - 13 - - - — 5 2 b
nymphal pool
Amblyomma parvum adult - - 4 — — — _ 2 _ _
Amblyomma larvae pool - - 2 - - - _ 1 _ _
Polygenis (Polygenis) bohlsi — - 1 - - 1 - — _ _
bohlsi
Total 4 9 55 1 2 5 3 26 19 7

[eueiued uel[izelq siuofe sroorvjewe[deuy

Teve
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Table 4. Co-positivity observed between the molecular assays to Ehrlichia spp. and Anaplasma spp. and between
molecular and serological assays to Ehrlichia spp. and Ehrlichia canis

cPCR qPCR

Serology

Ehrlichia Ehrlichia Anaplasma Ehrlichia Anaplasma Ehrlichia
Host canis spp- spp- spp. spp. canis
Canis familiaris (domestic dog) + + — + _ +
Canis familiaris (domestic dog) + — — _ _ +
Nasua nasua (coati) + + + — - —
Cerdocyon thous (crabeating fox) + + - —_ _ _
Thylamys macrurus — + + — _ _
Gracilinamus agilis - + - — + _

59

'_—Ehrhcmasp, ymph Ambly

Ehrlichia chaffeensis, Brazilian marsh deer (DQ345720.1)
t——— Ehrlichia sp., d\ tic dog (10), Pantanal region, Brazil** {KY499155)
+—— Ehrlichia sp., Cerdocyon thous (837), Pantanal region, Brazil** (KY499179)
—— Ehrlichia sp., Nasua nasua (F20), Pantanal region, Brazil** (KY499181)
—— Ehrlichia sp., Thrichomys fosteri (96), Pantanal region, Brazil** (KY499163)
——— Ehrlichia sp., O y ae (138), Pantanal region, Brazil** (KY499172)
+——— Ehrlichia sp., Thylamy us (145), Pantanal region, Brazil** (KY499176)
——— Ehrlichia sp., Gracilinanus agilis (124), Pantanal region, Brazil** (KY499169)
+—— Ehrlichia sp., M lelphis d tica (103), Pantanal region, Brazil** (KY499165)
—— Ehrlichia sp., Ambi'yomma (714-21), P. | region, Brazil*™* (KY930385)
—— Ehrlichia sp., Amblyomma parvum (834-1), Pantanal region, Brazil** (KY930386)
Ip (F14), P, | region, Brazil*™* (KY930398)
——— Ehrlichia sp., larvae Arnb.fyomma (841), Pantanal region, Brazil™ (KY930384)
——— Ehrlichia sp., Polygenis (P.) bohlsi bohlsi n19, from Pantanal region, Brazil** (KY499178)
_C Ehrlichia spp. from Leopardus pardalis, Brazil (EU376114)
Ehrlichia canis isolate human, Venezuela (AF373612)
———— Ehrlichia canis strain Brazil-CO2 (EF195135.1)
—— Ehrlichia canis strain GR78 (EF011111.1)
——— Ehrlichia canis strain TWN1 (EU106856.1)
—— Ehrlichia canis, South America (DQ915970)
—— Ehrlichia sp., isolate groose, Brazil (KX898136.1)
Ehrlichia canis, EUA (U26740.1)

Ehrlichia mil 18is, MT, Brazil (KF621013)

Ehrlichia ewingii strain Stillwater (M73227.1)

Ehrlichia chaffeensis, China (AF147752.2)

Ehrlichia chaffeensis, EUA (U23503.1)

Ehrlichia chaff is strain Ark (NR_037059.1)
Ehrlichia muris {AB013008)

Ehrlichia ruminantium strain Welgevonden (NR_074155)

Ehrlichia sp., Panthera onca, Pantanal region, Brazil (HQ388286)

Ehrlichia sp., Cerdocyon thous, ES, Brazil (KC127677)

busnssansnslis
oo 0.02

Ehrlichia risticii (AF206300)
Ochrobactrum anthropi (EU119263)
Brucella melitensis (AY513568)
Mesorhizobium loti (KM192337)

Fig. 2. Phylogenetic tree constructed with 860 pb Ehrlichia spp.-16STRNA sequences, using Bayesian method and GTR +
G + I evolutionary model. Numbers at nodes correspond to Bayesian posterior probabilities over 50, using Mesorhizobium
loti (KM192337), Brucella melitensis (AY513568) and Ochrobactrum anthropi (EU119263) as outgroups.

the same clade of A. bovis (LC012812), with clade sup-
port of 84 (Fig. 3).

DISCUSSION

In the present study, the circulation of E. canis among dogs
in Brazilian Pantanal wetland was confirmed by both

https://doi.org/10.1017/5095026881700245X Published online by Cambridge University Press

molecular and serological methods. Considering the
pathogenic potential of E. canis in domestic dogs [1], the
role of these animals as a source of E. canis infection to
wild carnivores cohabiting the same area and the impact
of the infection on wildlife health requires further studies.

Reports on seropositivity to E. canis among wild
carnivores are scarce in Brazil. In fact, there is only
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58 | Anaplasma phagocytophilum isolate dog, Austria (GU236670)

| 59 | |— Anaplasma sp., Gracilinamus agilis P142, Pantanal region, Brazil** (KY4991 99)
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Anaplasma sp., Amblyomma sculptum nymphs 2N838, Pantanal region, Brazil** (KY499182)
Anaplasma sp., Nasua nasua fa20, Pantanal region, Brazil** (KY499193)

Anaplasma phagocytophilum isolate CAT4, Brazil (KF964051)
ﬁCAnapFasma sp., domestic dog 01, Pantanal region, Brazil** (KY499188)
Uncultured Anaplasma sp. clone carcara (JN217096)

84 EAnap-‘asma platys strain Gigio (EU439943)

Anaplasma platys strain RJ, Brazil (FJ755157)

— Anaplasma sp., Leopardus pardalis 839, Pantanal region, Brazil*™ (KY499183)
— Anaplasma sp., Nasua nasua 846, Pantanal region, Brazil** (KY499184)
— Anaplasma sp., Amblyomma sculptum nymphs PN3846, Pantanal region, Brazil** (KY499201)
— Anaplasma sp., Cerdocyon thous 848, Pantanal region, Brazil** (KY499185)
— Anaplasma sp., Nasua nasua ALE04, Pantanal region, Brazil** (KY499187)
— Anaplasma sp., Amblyomma ovale F13(1), Pantanal region, Brazil** (KY499191)
— Anaplasma sp., Nasua nasua 141, Pantanal region, Brazil*™* (KY499194)
— Anaplasma sp., Nasua nasua N501, Pantanal region, Brazil** (KY499195)
— Anaplasma sp., Clyomys laticeps P107, Pantanal region, Brazil** (KY499196)
— Anaplasma sp., Thrichomys fosteri P112, Pantanal region, Brazil** (KY499197)
— Anaplasma sp., Thrichomys fosteri P113, Pantanal region, Brazil** (KY499198)

|2

— Anaplasma sp., Thylamys macrurus P145, Pantanal region, Brazil** (KY499200)
— Anaplasma bovis (LC012812)

Anapl, sp., N nasua 851, Pantanal region, Brazil*™* (KY499186)

Anapl sp., Ni nasua FA10, Pantanal region, Brazil** (KY499192)
Uncultured Anaplasma sp. clone Pocone Ac (KJB31219)

Anaplasma sp., domestic dog 03, Pantanal region, Brazil** (KY499189)
Anaplasma sp., domestic dog 17, Pantanal region, Brazil** (KY499190)
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100 Anaplasma marginale (NR_074556)
EAnapfasma ovis (AJ633052)

— Anaplasma centrale (NR_074356)
Anaplasma odocoilei (JX876644)

100 — Ochrobactrum anthropi (EU119263.1)
100 E Brucella melitensis (AY513568.1)
Mesorhizobium loti (KM192337.1)
LLI.LLLLII.IJ.LLI!.LLLLI.
a.0 Xy

100 Anaplasma phagocytophilum (AB196720)
E.»"1&ﬂa,p-’asma phagocytophilum strain ZJ-HGA (DQ458808)

Fig. 3. Phylogenetic tree constructed with 600 pb Anaplasma spp.-16STRNA sequences, using Bayesian method and GTR
+G+1 evolutionary model. Numbers at nodes correspond to Bayesian posterior probabilities over 50, using
Mesorhizobium loti (KM192337), Brucella melitensis (AY513568) and Ochrobactrum anthropi (EU119263) as outgroups.

one report concerning the serological detection of
antibodies to E. canis among wild felids maintained
in captivity in zoos in the states of Sdo Paulo and
Mato Grosso state, Brazil [8]. Herein, seroprevalence
rates of 17-9% and 3-2% were found among free-living
C. thous and N. nasua, respectively. However, sero-
positive animals showed negative results in the specific
gPCR assay for E. canis based on dsb gene. Due to the
unavailability of other Ehrlichia species antigens, sero-
logical cross-reactions between E. canis and closely
related agents could not be excluded

Ehrlichia spp. DNA was detected in two C. thous
from Pantanal wetland. Previous studies had already
detected FEhrlichia spp. DNA among wild canids
(C. thous, Speothos venaticus and Canis lupus) main-
tained in captivity in Brazilian zoos [§] and among
road-killed C. thous in the state of Espirito Santo,
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southeastern Brazil [43]. However, it is worth noticing
that while Ehrlichia spp. DNA has been detected
among Brazilian canids, no clinical signs suggestive
of ehrlichiosis have been reported until now in this
group of wild mammals. Future studies are needed
in order to clarify the role of these animals in the epi-
demiology of Ehrlichia spp. in nature.

Among the wild felids, all seven L. pardalis trapped
in this present study showed negative results in molecu-
lar and serological assays for Ehrlichia spp. In a previ-
ous study, an Ehrlichia dsb sequence obtained in one
out of 10 jaguars also sampled in the Pantanal biome
were closely related to FEhrlichia ruminantium [44].
While A. sculptum (formerly named as A4. cajennense),
Amblyomma triste and R. (B.) microplus were previ-
ously found parasitizing jaguars in Pantanal [44],
only A. parvum was found parasitizing L. pardalis in
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the present study at the time of sample collection.
Further studies are needed to determine the real role
of different tick species in the transmission of ehrlichial
agents among wild felids in Brazil.

Few studies have assessed the occurrence of
Anaplasmataceae agents in marsupials. Previously,
antibodies to E. canis were detected in 14-6% of opos-
sums (Didelphis aurita and Didelphis albiventris)
trapped in Sdo Paulo state, southeastern Brazil [45].
Although serological assays were not performed in
marsupials’ serum samples collected in the present
study, Ehrlichia DNA was detected in 23:3% of
sampled marsupials. The present study highlights that
marsupials may participate in the biological cycles of
Ehrlichia in the environment. To the best authors’
knowledge, this was the first molecular evidence of
exposure to Ehrlichia spp. among free-living marsu-
pials in the world until now.

Herein, Ehrlichia DNA was detected in 7-2% of
wild rodents (7. fosteri and O. mamorae) sampled in
southern Pantanal. Recently, Ehrlichia DNA was
detected in 24% of wild rodents (O. mamorae,
T. fosteri, C. laticeps and Calomys cerqueirai) sampled
in the biome Pantanal [10]. Although rodents are con-
sidered hosts for E. chaffeensis in China and Korea
[46-48], the role of wild rodents in natural cycles of
Ehrlichia species and the arthropod vectors involved
in the transmission routes remain unknown in Brazil.

Ehrlichia canis DNA was detected in one Polygenis
(P.) bohlsi bohlsiflea pool collected from a specimen
of T. fosteri rodent that was negative in PCR assays
for Ehrlichia spp. In a previous study, E. canis DNA
was detected in one (1/1) Cediopsylla inaequalis and
3% (2/75) of the Xenopsylla cheopis fleas collected
from red foxes (Vulpes vulpes) in Italy [49].
Although E. canis DNA was detected in a Polygenis
(P.) bohlsi bohlisiflea pool by qPCR and cPCR assays,
we believe that the positivity observed was due to
residual ehrlichial DNA from host blood in the
siphonapteran digestive tract.

Anaplasma DNA was detected among wild carni-
vores (C. thous, L. pardalis and N. nasua) and dogs
sampled in the present study. Previously, Anaplasma
DNA was detected in three wild felids (L. tigrinus)
and one wild canid (S. venaticus) maintained in cap-
tivity in zoos in the state of Siao Paulo [7].
Additionally, wild rodents and marsupials were also
positive for Anaplasma spp. Recently, Anaplasma
DNA was detected in nine rodents (Rattus rattus,
Akodon sp., Sphiggurus villosus and Calomys cer-
queirae) sampled in Atlantic Forest and Caatinga
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biomes in Brazil [10]. In the northern region of the
Brazilian Pantanal, Anaplasma DNA was also
detected in only one Hylaeamys megacephalus wild
rodent (1/4) [50]. Additional studies should be done
in order to access the role of wild carnivores, rodents
and marsupials in the Anaplasma epidemiology in
South America.

The arthropod vectors involved in Anaplasma and
FEhrlichia species transmission cycles among wild mam-
mals in Brazil are still unknown. Previously, unclas-
sified Anaplasma spp. and Ehrlichia spp. were
detected in one A. sculptum tick collected from a dog
[12] and in A. sculptum (formerly named as A. cajen-
nense), A. triste and Amblyomma spp. nymph ticks col-
lected from P. onca [44], respectively, in Pantanal
biome. The present study reports the molecular detec-
tion of Anaplasma spp. among A. sculptum, A. ovale
and A. parvum ticks, and Ehrlichia spp. in A. sculptum,
A. parvum and Amblyomma spp. larvae. According to
some authors, questing tick samples are preferable in
order to assess the real role of arthropods as vectors
of Anaplasmataceae agents [51]. Considering the fact
that we detected Ehrlichia and Anaplasma DNA in
ticks found parasitizing sampled animals, we assumed
that tick positivity could be related to the remnant of
infected host blood meal.

The phylogenetic inferences based on a small frag-
ment of 16S rRNA gene positioned the Ehrlichia and
Anaplasma genotypes in the same clade of E. canis
and A. bovis, respectively. The variable amplification
of different target genes in the present study, which
precluded additional phylogenetic inferences, could
be explained by low bacteraemia level in mammalian
blood or spleen samples and ectoparasites.
Moreover, PCR protocols used for amplification of
different target genes have been proven unsuitable
for amplification of variants of Anaplasma and
Ehrlichia species infecting wild mammals in Brazil,
as previously reported [6, 7, 10]. The phylogenetic
analysis based on short 16S rRNA gene fragments
did not provide sufficient genetic discrimination to
allow the identification of Ehrlichia and Anaplasma
species. Although genotypes closely related to E.
chaffeensis, E. canis and A. phagocytophilum were
detected in deer [4, 5], wild carnivores [7], birds [6],
and domestic cats [9] in Brazil, these new genotypes
have not been isolated so far. Alternatively, species-
specific qPCR assays might not have sufficient
sensitivity to detect the presence of E. canis and
E. chaffeensis in wild animals’ biological samples in
the present study.
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In conclusion, the present study revealed that wild
animals and ticks in southern Pantanal region, Brazil,
are exposed to Anaplasmataceae agents. The role of
wild animals in the epidemiology of Anaplasmataceae
agents as reservoirs and the impact of the infection on
wildlife health should be further investigated.
Although Anaplasma and Ehrlichia have been molecu-
larly detected among ticks and fleas collected from
sampled animals, the vectors involved in the natural
cycles of Anaplasmataceae agents remain unknown in
wild environments in Brazil. Therefore, future studies
aiming at isolating tick-borne bacteria that circulates
among wildlife are much needed in order to achieve a
deeply molecular and antigenic characterization of
new Anaplasmataceae strains in Brazil.

ACKNOWLEDGEMENTS

We are thankful to Fundac¢do de Amparo a Pesquisa do
Estado de Sao Paulo (FAPESP) and Conselho Nacional
de Desenvolvimento Cientifico e Tecnologico (CNPq)
for the financial support to M.R. André (Process num-
bers #2015/14896-1 and #473575/2014-0, respectively),
Doctorate Scholarship to K. C. M Sousa (Process
#2013/13186-5)and the Scientific Initiation Fellowship
to A. C. Calchi (Process # 2015/22387-0).

AUTHORS’ CONTRIBUTIONS

KCMS performed the study, carried out sampling and
laboratory work, and drafted the manuscript; ACC
helped with molecular analyzes; HMH helped with
the animals captures in Pantanal; JSD donated
Webster strain of A. phagocytophilum and prepared
antigen slides; DMBB helped with arthropods identifi-
cation; RZM donated Jaboticabal strain of E. canis
and prepared antigen slides; MRA conceived the
study and reviewed the manuscript critically for
important scientific and intellectual content. All
authors read, reviewed, and approved the submitted
version.

DECLARATION OF INTEREST

None.

SUPPLEMENTARY MATERIAL

The supplementary material for this article can be
found at https://doi.org/10.1017/S095026881700245X

https://doi.org/10.1017/5095026881700245X Published online by Cambridge University Press

Anaplamataceae agents Brazilian Pantanal 3435

REFERENCES

1. Dumler JS, et al. Reorganization of genera in the famil-
ieres Rickettsiaceae and Anaplasmataceae in the order
Rickettsiales: unification of some species of Ehrlichia
with Anaplasma, Cowdria with Ehrlichia and Ehrlichia
with Neorickettsia, descriptions of six new species combi-
nations and designation of Ehrlichia equi and ‘HE agent’
as subjective synonyms of Ehrlichia phagocytophila.
International Journal of Systematic and Evolutionary
Microbiology 2001; 51: 2145-2165.

2. Santos HA, et al. Detection of Anaplasma phagocytophi-
lum in Brazilian dogs by real-time polymerase chain
reaction. Journal of Veterinary Diagnostic Investigation
2011; 4: 770-774.

3. Silveira JA, et al. The first clinical and laboratory evi-
dence of co-infection by Anaplasma phagocytophilum
and Ehrlichia canis in a Brazilian dog. Ticks and
Tick-Borne Diseases 2015; 15: 877-959.

4. Machado RZ, et al. Detection of Ehrlichia chaffeensis in
Brazilian marsh deer (Blastocerus dichotomus).
Veterinary Parasitology 2006; 139: 262-266.

5. Mongruel AC, et al. Molecular Characterization of
Anaplasma sp. in Free-Living Gray Brockets (Mazama
gouazoubira). Vector borne and Zoonotic Diseases
2017; 17: 165-171.

6. Machado RZ, et al. Migratory and carnivore birds
in Brazil: reservoirs for Anaplasma and Ehrlichia spe-
cies? Vector borne and Zoonotic Diseases 2012; 12:
705-708.

7. André MR, et al. Molecular detection of tick-borne bac-
terial agents in Brazilian and exotic captive carnivores.
Ticks and Tick-Borne Diseases 2012; 3: 247-253.

8. André MR, et al. Molecular and serologic detection of
Ehrlichia spp. in endangered Brazilian wild captive
felids. Journal of Wildlife Diseases 2010; 46: 1017-
1023.

9. André MR, et al. Arthropod-borne pathogens circulating
in free-roaming domestic cats in a zoo environment in
Brazil. Ticks and Tick-Borne Diseases 2014; 5: 545-551.

10. Benevenute JL, et al. Assessment of a quantitative 5°
nuclease real-time polymerase chain reaction using
groEL gene for Ehrlichia and Anaplasma species in
rodents in Brazil. Ticks and Tick-Borne Diseases
Published online: 23 April 2017. doi: 10.1016/.
ttbdis.2017.04.011.

11. Herrera HM, et al. Food web connections and the trans-
mission cycles of Trypanosoma cruzi and Trypanosoma
evansi  (Kinetoplastida, Trypanosomatidae) in the
Pantanal Region, Brazil. Transactions of the Royal Society
of Tropical Medicine and Hygiene 2011; 105: 380-387.

12. Melo AL, et al. A survey of tick-borne pathogens in
dogs and their ticks in the Pantanal biome, Brazil.
Medical and Veterinary Entomology 2016; 30: 112-116.

13. Sousa KCM, et al. Molecular detection of Hepatozoon
spp. in domestic dogs and wild mammals in southern
Pantanal, Brazil with implications in the transmission
route. Veterinary Parasitology 2017; 237: 37-46.

14. Sousa KCM, et al. Occurrence and molecular character-
ization of hemoplasmas in domestic dogs and wild


https://doi.org/10.1017/S095026881700245X
https://doi.org/10.1017/S095026881700245X

3436

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

K. C. M. De Sousa and others

mammals in a Brazilian wetland. Acta Tropica 2017,
171, 172-181.

Guimaraes JH, et al. (eds). Ectoparasitos de Importdncia
Veterinaria 2001. Sao Paulo, Brazil, 2001, p. 213.
Martins TF, et al. Geographical distribution of
Amblyomma cajennense (sensu lato) ticks (Parasitiformes:
Ixodidae) in Brazil, with description of the nymphs of 4.
cajennense (sensu stricto). Parasites and Vectors 2016;9: 186.
Martins TF, et al. Nymphs of the genus Amblyomma
(Acari: Ixodidae) of Brazil: descriptions, redescriptions,
and identification key. Ticks and Tick-Borne Diseases
2013; 1: 75-99.

Linardi PM, Guimaries LR. Sifondpteros do Brasil. Sdo
Paulo, Brazil, 2000, pp. 180-215.

Aguiar DM, et al. Serological diagnosis of canine mono-
cytic ehrlichiosis with Brazilian antigen of Ehrlichia
canis. Ciéncia Rural 2007; 37: 796-802.

Sousa KCM, et al. Molecular and serological detection
of tick-borne pathogens in dogs from an area endemic
for Leishmania infantum in Mato Grosso do Sul,
Brazil. Revista Brasileira de Parasitologia Veterinaria
2013; 22: 525-531.

Birkenheuer AJ, Levy MG, Breitschwerdt EB.
Development and evaluation of a seminested PCR for
detection and differentiation of Babesia gibsoni (Asian
genotype) and B. canis DNA in canine blood samples.
Journal of Clinical Microbiology 2003; 41: 4172-4177.
Black WC, Piesman J. Phylogeny of hard- and soft-tick
taxa (Acari: Ixodida) based on mitochondrial 16S rDNA
sequences. Proceedings of the National Academy of
Sciences of the United States of America 1994; 91:
10034-10038.

Folmer O, et al. DNA primers for amplification of mito-
chondrial cytochrome ¢ oxidase subunit I from diverse
metazoan invertebrates. Molecular Marine Biology and
Biotechnology 1994; 3: 294-299.

Murphy GL, et al. Molecular and serologic survey of
Ehrlichia canis, E. chaffeensis, and E. ewingii in dogs
and ticks from Oklahoma. Veterinary Parasitology
1998; 79: 325-339.

Massung RF, et al. Nested PCR assay for detection of
granulocytic  ehrlichiae.  Journal — of  Clinical
Microbiology 1998; 36: 1090-1095.

Drazenovich N, Foley JE, Brown RN. Use of real-time
quantitative PCR targeting the msp2 protein gene to
identify cryptic Anaplasma phagocytophilum infections
in wildlife and domestic animals. Vector Borne and
Zoonotic Diseases 2006; 6: 83-90.

Doyle CK, et al. Detection of medically important
Ehrlichia by quantitative multicolor Tag-Man Real
Time PCR of the dsb gene. The Journal of Molecular
Diagnostics 2005; 7: 504-510.

Reller ME, et al. Assessment of a quantitative multiplex
S’nuclease PCR for spotted fever and typhus group rick-
ettsioses, Ehrlichia chaffeensis, and Anaplasma phagocy-
tophilum. In: 23rd Meeting of the American Society for
Rickettsiology, Hilton Head Island, SC, Abstract No.
51, 2009.

Sumner JW, Nicholson WL, Massung RF. PCR amplifi-
cation and comparison of nucleotide sequences from

https://doi.org/10.1017/5095026881700245X Published online by Cambridge University Press

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44

45.

46.

the groELSL heat shock operon of Ehrlichia species.
Journal of Clinical Microbiology 1997; 35: 2087-2092.
Nicholson WL, et al. Dusky-footed wood rats
(Neotoma fuscipes) as reservoirs of granulocytic
Ehrlichiae (Rickettsiales: Ehrlichieae) in northern
California. Journal of Clinical Microbiology 1999; 37:
3323-3327.

Inayoshi M, et al. Characterization of Ehrlichia species
from Ixodes ovatus ticks at the Foot of Mt.Fuji,
Japan. Microbiology and Immunology 2004; 48: 737-
745.

Aguiar DM, et al. A novel Ehrlichia genotype strain dis-
tinguished by the TRP36 gene naturally infects cattle in
Brazil and causes clinical manifestations associated with
ehrlichiosis. Ticks and Tick-Borne Diseases 2014; 5:
537-544.

Singh H, et al. Molecular detection of Anaplasma mar-
ginale infection in carrier cattle. Ticks and Tick-Borne
Diseases 2012; 3: 55-58.

Bustin SA, et al. The MIQE guidelines: minimum
information for publication of quantitative real-time
PCR experiments. Clinical Chemistry 2009; 55: 611—
622.

Ewing B, Green P. Base-calling of automated sequencer
traces using phred. II. Error probabilities. Genome
Research 1998; 8: 186-194.

Altschul SF, et al. Basic local alignment search tool.
Journal of Molecular Biology 1990; 215: 403-410.
Benson DA, et al. Genbank. Nucleic Acids Research
2002; 30: 17-20.

Katoh K, Standley DM. MAFFT multiple sequence
alignment software version 7: improvements in perform-
ance and usability. Molecular Biology and Evolution
2013; 30: 772-780.

Ronquist F, Huelsenbeck JP. Mrbayes 3: Bayesian
phylogenetic  inference  under mixed models.
Bioinformatics 2003; 19: 1572-1574.

Darriba D, et al. Jmodeltest 2: more models, new heur-
istics and parallel computing. Nature Methods 2012; 9:
772.

Miller MA, Pfeiffer W, Schwartz T. Creating the
CIPRES Science Gateway for inference of large phylo-
genetic trees. In Proceedings of the Gateway Computing
Environments Workshop (GCE), 2010, pp. 1-8.

Stover BC, Muller KF. Treegraph 2: combining and
visualizing evidence from different phylogenetic ana-
lyses. BMC Bioinformatics 2010; 11: 1-9.

Almeida AP, et al. Novel Ehrlichia and Hepatozoon
agents infecting the crab-eating fox (Cerdocyon thous)
in southeastern Brazil. Journal of Medical Entomology
2013; 50: 640-646.

Widmer CE, et al. Tickborne bacteria in free-living
jaguars (Panthera onca) in Pantanal, Brazil. Vector
Borne and Zoonotic Diseases 2011; 11: 1001-1005.
Melo AL, et al. Serological evidence of exposure to tick-
borne agents in opossums (Didelphis spp.) in the state of
Sao Paulo, Brazil. Revista Brasileira de Parasitologia
Veterinaria 2016; 25: 348-352.

Chae JS, et al. Microbial pathogens in ticks, rodents
and a shrew in northern Gyeonggi-do near the


https://doi.org/10.1017/S095026881700245X

47.

48.

49.

DMZ, Korea. Journal of Veterinary Science 2008; 9:
285-293.

Dong T, Qu Z, Zhang L. Detection of A. phagocytophilum
and E. chaffeensis in patient and mouse blood and ticks
by a duplex real-time PCR assay. PLoS ONE 2013; 8:
€74796.

Gao Y, et al. Detection of Ehrlichia chaffeensis in ticks
and rodents using semi-nested PCR. Chinese Journal
of Zoonoses 2000; 16, 25-28.

Torina A, et al. A molecular survey of Anaplasma spp.,
Rickettsia spp., Ehrlichia canis and Babesia microti in

https://doi.org/10.1017/5095026881700245X Published online by Cambridge University Press

Anaplamataceae agents Brazilian Pantanal

50.

S1.

3437

foxes and fleas from Sicily. Transboundary and
Emerging Diseases 2013; 2: 125-130.

Wolf RW, et al. Novel Babesia and Hepatozoon agents
infecting non-volant small mammals in the Brazilian
Pantanal, with the first record of the tick Ornithodoros
guaporensis in Brazil. Ticks and Tick-Borne Diseases
2016; 7: 449-453.

Estrada-Peiia A, et al. Research on the ecology of ticks
and tick-borne pathogens methodological principles and
caveats. Frontiers in Cellular and Infection Microbiology
2013; 3: 29.


https://doi.org/10.1017/S095026881700245X

