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ARTICLE INFO ABSTRACT

Article history: Canine rangeliosis, caused by the piroplasmid protozoon Rangelia vitalii, is currently rec-
Received 20 January 2014 ognized as a reemerging disease that affects domestic dogs in Brazil. In the present study,
Received in revised form 18 February 2014 piroplasmid infection was searched in wild canids (20 Cerdocyon thous and 4 Lycalopex

Accepted 26 February 2014 gymnocercus) in Brazil. Molecular analysis, based on PCR and DNA sequencing of a portion

of the 18S rRNA gene, revealed that 30% (6/20) C. thous were infected by R. vitalii. Blood
and bone marrow samples from one of the R. vitalii-infected C. thous were inoculated into a

I;Zﬁ:;:gs‘,'imm domestic dog, which developed clinical rangeliosis that was confirmed by molecular tests.
Piroplasm However, the C. thous donor showed no clinical, hematological or biochemical alterations,
Cerdocyon thous even though its R. vitalii infection status was confirmed for at least 80 days. These obser-
Domestic dog vations suggest that R. vitalii is not as highly pathogenic for C. thous as it is for domestic
Bﬂbe_Sfﬂ dogs. Phylogenetic analysis inferred by the 18S rRNA gene placed R. vitalii embedded in
Brazil the clade ‘Babesia sensu stricto’, consisting of a number of species that represent truly the
genus Babesia. It is proposed that the species R. vitalii should be transferred to the genus
Babesia. The present study expands our knowledge on the natural history of R. vitalii, sug-
gesting that it might have a natural cycle involving the wild canid C. thous. Further studies

are needed to confirm that C. thous is a natural reservoir of R. vitalii in Brazil.
© 2014 Elsevier B.V. All rights reserved.
1. Introduction vertebrates worldwide. The piroplasmid Rangelia vitalii is
the etiologic agent of rangeliosis, a canine disease that
Piroplasmids are tick-borne protozoan parasites that was described in the beginning of the previous century
infect blood cells of numerous wild and domestic in the state of Sdo Paulo, southeastern Brazil (Pestana,

1910; Carini and Maciel, 1914). Because a number of sub-

sequent authors (Wenyon, 1926; Doflein and Reichenow,
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second half of the 20th century. During the last decade,
a number publications from southern Brazil highlighted R.
vitalii as a reemerging agent of a severe canine piroplasmo-
sis, especially among rural dogs (Krauspenhar et al., 2003;
Loretti and Barros, 2005; Fighera, 2007; Fighera et al., 2008,
2010; Franca et al., 2010). In 2011, the validity of the taxon
R. vitalii was proposed by molecular methods based on phy-
logenetic analyses inferred by partial sequences of the 18S
rRNA and hsp70 genes (Soares et al., 2011). The infection
by R. vitalii has been confirmed solely in domestic dogs
from southern and southeastern Brazil (Soares et al., 2011,
2013a,b; Lemos et al., 2012).

The Brazilian fauna of wild canids is composed by six
native species (Cheida et al., 2011). Literature records on
piroplasmids infecting these native canids are very scarce,
and have been based solely on morphological identifi-
cation of intraerythrocytic piroplasmid forms in blood
smears from Chrysocyon brachyurus (Serra-Freire et al.,
1995; Cansi et al., 2012), Lycalopex vetulus (Martins et al.,
2006), Lycalopex gymnocercus (Ruas et al., 2003), and Cer-
docyon thous (Paraense and Vianna, 1948; Massard et al.,
1981). The crab-eating fox, C. thous, is widely distributed
in South America, from Uruguay and northern Argentina
to the lowlands of Bolivia and Venezuela, also occurring in
Colombia, Guyana and Suriname. In Brazil, it is found in all
major biomes except for the Amazon (Cheida et al.,, 2011).
The Pampas fox, L. gymnocercus, has a more restricted dis-
tribution, occurring in the southern cone of South America,
except for Chile (Cheida et al., 2011). In the present study,
piroplasmid infection was searched for in C. thous and L.
gymnocercus from Brazil. We report the first molecular
detection of a piroplasmid agent in South American free-
ranging wild canids, as well as the effects of the inoculation
of this agent in a domestic dog.

2. Materials and Methods
2.1. Wild canids

In May 2012, a free-ranging, young, adult female
(approximately 5 kg) of C. thous (animal #1) was rescued in
Carazinho Municipality, state of Rio Grande do Sul, south-
ern Brazil, and taken to the nearby Veterinary Teaching
Hospital of the University of Passo Fundo due to a traumatic
amputating injury in the hind limb. Clinical evaluation
was performed, and blood samples collected 0, 69, and 80
days after admission were used for molecular detection
for piroplasmids (described below), whereas blood sam-
ples collected in both dry and EDTA tubes at the 21st day
were used for biochemical and hematological evaluations,
respectively. At the 80th day, the animal died of unknown
etiology; bone marrow aspirates and spleen samples were
collected.

From July 2012 to August 2013, tissue samples (blood or
internal organs) were collected from 23 wild canids from
different areas of the states of Rio Grande do Sul and Sdo
Paulo (southeastern Brazil) (Table 1). Animal #2 was res-
cued due to trauma caused by fighting with domestic dogs;
animals #3-13 and 21-23 were road-killed, whereas ani-
mals #14-20, and 24, were sampled in captivity at zoos.
From road-killed animals, the collected material varied

accordingly to the availability of tissues found in the car-
casses. From living animals sampled at the zoos, only blood
in EDTA was collected.

2.2. Inoculation of domestic dog

Three ml of bone marrow aspiration and 10 ml of blood
was collected from C. thous #1 on the 80th day after its
admission to the hospital, and sent to the University of Sao
Paulo under refrigeration. Twenty hours later, the samples
were intravenously inoculated into an 8-month domestic
dog, derived from our Beagle experimental kennel, where
dogs have never experienced tick infestations, are regularly
vaccinated and dewormed, and are regularly tested to cer-
tify that they are free of tick-borne diseases. The domestic
dog was clinically evaluated and had its rectal tempera-
ture measured daily, as well as blood samples taken in
EDTA-tubes 3 times per week for blood cell and platelet
counts, and PCR targeting piroplasmids during a period of
32 days after inoculation. An additional blood collection at
69 days post-inoculation (dpi) was used for PCR analysis.
During this period, the dog was kept in a room with no
environmental contamination with ticks.

2.3. Molecular and phylogenetic analyses

Animal blood or tissue samples were subjected to DNA
extraction using the DNeasy Blood & Tissue Kit (Qiagen®,
Hilden, Germany), according to the manufacturer’s instruc-
tions. All DNA samples from wild canids were initially
tested by one of the following two PCR assays, one targeting
a ~700-bp fragment of the Carnivore mitochondrial DNA
(mtDNA) control region containing the first hypervariable
segment (HVS-I), using primers MTLPRO2 and CCR-DR1, as
previously described (Tchaicka et al., 2007); or a PCR assay
targeting a 359-bp fragment of the vertebrate mitochon-
drion cytochrome b gene (cyt b), as previously described
(Steuber et al., 2005). For detection of piroplasmids, all
samples were tested by a PCR protocol using primers
BAB143-167 and BAB694-667, targeting a ~500-bp frag-
ment of the piroplasmid 18S rRNA gene, as previously
described (Soares et al., 2011). PCR products were elec-
trophoresed through a 1.5% agarose gel, stained with
ethidium bromide, and examined by UV transillumina-
tion. Amplicons of the expected size were purified with
ExoSap (USB, Cleveland, OH) and sequenced in an auto-
matic sequencer (Applied Biosystems/PerkinElmer, model
ABI Prism 310 Genetic, Foster City, CA) according to the
manufacturer’s protocol. Generated sequences were sub-
mitted to BLAST analysis (Altschul et al., 1990) to determine
the closest similarities in GenBank.

Partial sequences (549-nt) of the 18S rRNA gene of piro-
plasmids derived from the wild canids were aligned with
corresponding 18S rRNA sequences from 53 genotypes
of the genera Babesia, Theileria, Cytauxzoon and Hepa-
tozoon retrieved from Genbank, using Clustal/W v.1.8.1
(Thompson et al., 1994). A maximum likelihood phyloge-
netic tree using GTR+G+I substitution model was generated
using Mega 5.2.2 software (Tamura et al., 2011) with 100
bootstrap replicates. The substitution model was select
using Mega 5.2.2 software (Tamura et al., 2011) according



Table 1
Wild canids (Cerdocyon thous and Lycalopex gymnocercus) sampled in the states of Rio Grande do Sul (RS) and Sdo Paulo (SP), and tested by PCR for the presence of Rangelia vitalii DNA.
Animal number Species Origin Animal Collected samples PCR result
condition tested by PCR
Municipality Coordinates Elevation (m)
South West
1 C. thous Carazinho, RS 28°17 52°47 603 Rescued due to Blood +
trauma Bone marrow +
Spleen +
2 C. thous Viamado, RS 30°03’ 51°00/ 60 Rescued Liver +
due to
trauma
3 C. thous Cachoeira do 30°02 52°53’ 26 Road-killed Carotid +
Sul, RS Muscle -
4 C. thous Cachoeira do 30°02' 52°53' 26 Road-killed Lung +
Sul, RS Carotid +
5 C. thous Cachoeira do 30°02 52°53'38” 26 Road-killed Lung +
Sul, RS Liver -
6 C. thous Itaqui, RS 29°06'46” 56°17'30” 66 Road-killed Muscle -
7 C. thous Restinga Seca, RS 29°48’ 5322 49 Road-killed Lung -
8 C. thous Sdo Borja, RS 28°38'23" 55°50'00” 69 Road-killed Muscle -
9 C. thous Sdo Luiz Gonzaga, RS 28°24' 54°57' 251 Road-killed Muscle -
10 C. thous Mogi das 23°31 46°11 780 Road-killed Lymph node +
Cruzes, SP Carotid +
Spinal marrow -
11 C. thous Botucatu, SP 22°53’ 48°26 804 Road-killed Spleen -
12 C. thous Sorocaba, SP 23°30' 47°27' 600 Road-killed Spleen -
13 C. thous Sorocaba, SP 23°30' 47°27 600 Road-killed Spleen -
14 C. thous Sorocaba, SP 23°30'19” 47°26'15" 580 Zoo Blood -
15 C. thous Sorocaba, SP 23°30'19” 47°26'15” 580 Zoo Blood -
16 C. thous Sorocaba, SP 23°30'19” 47°26'15" 580 Zoo Blood -
17 C. thous Sorocaba, SP 23°30'19” 47°26'15" 580 Zoo Blood -
18 C. thous Sorocaba, SP 23°30'19” 47°26'15” 580 Zoo Blood -
19 C. thous Sorocaba, SP 23°30'19” 47°26'15" 580 Zoo Blood -
20 C. thous Sorocaba, SP 23°30'19” 47°26'15" 580 Zoo Blood -
21 L. gymnocercus Cachoeira do Sul, RS 30°02 52°53' 26 Road-killed Liver -
22 L. gymnocercus Cachoeira do 30°02 52°53’ 26 Road-killed Heart -
Sul, RS Liver -
23 L. gymnocercus Uruguaiana, RS 29°35'13” 56°51'36" 65 Road-killed Blood -
Liver -
Heart —
24 L. gymnocercus Cachoeira do Sul, RS 30°02 52°53' 26 Zoo Blood -

+: positive; —: negative; RS: Rio Grande do Sul; SP: Sdo Paulo.
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to the lowest Bayesian Information Criterion (BIC) score.
The sequence of Hepatozoon canis was used as outgroup.

2.4. Hematological and biochemical evaluation

EDTA-blood samples were processed within 24 h after
collection. Blood serum samples were separated by cen-
trifugation and kept at —20 °C until use. Packed cell volume,
hemoglobin, erythrocytes, leukocytes and platelets were
determined in an automatic hematology analyzer (bc2800
- Mindray, France). Differential leukocyte count was per-
formed on blood smears stained with Rosenfeld staining
(Rosenfeld, 1947). Blood smears were prepared within
10 min after blood collection. Biochemical analyses were
determined in an automatic analyzer (Labmax240, Japan)
using the commercial kits Randox® (serum urea, total
protein, and albumin); Labtest® (serum creatinine) and
Byosistems® (ALT, FA, and bilirubin). The parameters
reported by Gomes (2006) and Feldman et al. (2000a,b)
were taken as references values for C. thous and domestic
dogs, respectively.

2.5. Ethics statements

This work was authorized by the ICMbio Cetas (state of
Rio Grande do Sul), and was approved by the Ethical Com-
mittee of Animal Use of the Faculty of Veterinary Medicine
of the University of Sdo Paulo (protocol 2248/2011).

3. Results
3.1. Wild canids

The C. thous #1 (Table 1) was found infested by Ambly-
omma aureolatum adult ticks, but had no clinical signs
of tick-borne diseases; fever, anemia, lymphadenopathy,
skin hemorrhagic lesions, or jaundice were not observed.
In addition, hematological and biochemical analyses per-
formed on day 21 showed no abnormalities, apart from a
slight increase in total protein (Table 2). Blood samples col-
lected on 0 and 69 days after admission, and bone marrow
and spleen samples collected on day 80 were PCR-positive
for piroplasmids.

Regarding the remaining wild canids (animals #2 to
#24), 5 out of 19 C. thous were PCR-positive for piroplas-
mids, whereas the 4 L. gymnocercus were negative. Overall,
30%(6/20) C. thous were PCR-positive. Considering only the
free-ranging C. thous, 46.2% (6/13) were PCR-positive, since
all captive animals were PCR-negative. Amplicons gener-
ated in all piroplasma-PCR assays were DNA sequenced,
and showed to be 99-100% identical to corresponding
18S rRNA sequences of R. vitalii available in GenBank
(HQ150006, JN880430, JN880431, JN880432, JN880433,
KF218605, KF218606). DNA samples from all 24 wild canids
yielded amplicons of the expected size by the mtDNA con-
trol region or the cyt b PCR assay. Taxonomic identification
of 13 free-ranging canids (including the five ones that were
R. vitalii-PCR positive) were confirmed by sequencing their
mtDNA control region or cyt b partial sequence, which were
98-100% identical to corresponding sequences of C. thous

Table 2

Results of the hematological and biochemical analyses performed on
blood samples of Cerdocyon thous #1 at the 21st day after admission to
the hospital.

Parameters C. thous #1 Reference values
(Gomes, 2006)

Erytrocytes (x106/pL) 4.8 431-6.77

Hemoglobin (g/dL) 14.6 12.96-16.88

Packed cell volume % 44 38-49

VCM (fL) 91.7 68-95

CHCM (%) 33.2 31-38

Total Leukocytes (x103/uL) 10 8.1-13.9

Segmented (/L) 6700 5758-10,387

Eosinophils(/uL) 1300 189-1336

Lymphocytes(/uL) 1900 1062-2357

Monocytes (/L) 100 0-354

Platelets (x103/uL) 165 n.a.

Total Protein (g/dL) 7.6 5.47-7.09

Albumine 34.1 n.a.

ALT 17 n.a.

Creatinine 0.8 0.37-1.11

FA 51 n.a.

Urea 41 22.46-71.84

n.a.: not available.

(DQ309764, EF107009, EF107010, EF107022, EF107030) or
L. gymnocercus (EF107034, EF107037) in GenBank.

DNA sequences generated in the present study have
been deposited in GenBank under the accession num-
bers KF964146-KF964151 for 18S rRNA partial sequences
of R. vitalii, KF964152-KF964154 for mtDNA cyt b, and
KF964155-KF964164 for mtDNA control region partial
sequences of wild canids.

3.2. Domestic dog

The domestic dog that was inoculated with C. thous
#1-blood and bone marrow showed a number of clinical
abnormalities, i.e., anorexia, apathy, decreased body con-
dition, vomiting, mild dehydration, mildly pale mucous
membranes, mild fever, and bloody diarrhea, which started
on the 11th dpi and lasted until 17-20dpi. The most
marked hematological alteration was thrombocytopenia,
which started on the 6th dpi and lasted the whole obser-
vation period (Fig. 1). Other hematological alterations
observed during this period were decreased values for
packed cell volume, hemoglobin, neutrophils, and total leu-
cocytes, as shown in Fig. 1. Blood samples were tested by
the Piroplasma-PCR on 0, 2, 4, 32, and 69 dpi; except for
days 0 and 2, all samples were PCR-positive. PCR prod-
ucts were DNA sequenced and showed to be 100% identical
to R. vitalii (HQ150006, JN880433). Blood smears revealed
intraerythrocitic forms compatible with R. vitalii from 6
to 20dpi (Fig. 2). Within this period, blood smears also
revealed anisocytosis, polychromasia, erythroblasts, larger
platelets, and reactive lymphocytes. Supportive therapy,
initiated at 12 dpi, was continued until 20 dpi, when the
animal improved its clinical condition.

3.3. Phylogenetic analysis

The phylogenetic tree (Fig. 3) depicts that all six
sequences of R. vitalii generated in the present study
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Fig. 1. Hematologic values for a dog that was inoculated with blood and bone marrow from a Rangelia vitalii-infected Cerdocyon thous, and observed for
32 days post inoculation. Shaded areas represent laboratory reference range for domestic dogs according to Feldman et al. (2000a,b).
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Fig. 2. Intraerythrocitic forms (arrows) compatible with Rangelia vitalii found in Rosenfeld-stained thin blood smears collected from a domestic dog at the
11th day after been inoculated with R. vitalii-infected tissues from a Cerdocyon thous.
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formed a cluster with all previous 18S rRNA sequences
of R. vitalii amplified from domestic dogs in Argentina
and Brazil, under 100% bootstrap support. This clade clus-
tered within a much larger clade composed exclusively
by sequences related to the ‘Babesia sensu stricto’ species,
under high bootstrap support (98%).

4. Discussion

Herein, we provide the first molecular detection of a
piroplasmid agent in free-ranging canids native to South
America. Currently, the only piroplasmid agents that have
been reported infecting domestic dogs in South America
are B. vogeli, Babesia gibsoni, and R. vitalii (Passos et al.,
2005; Trapp et al., 2006; Soares et al., 2011). Among these
three agents, R. vitalii is the only one that has not been
reported outside South America; therefore, it is likely to
be native to this continent. Because the domestic dog was
introduced to South America by humans in a relatively
recent period (Leonard et al., 2002), one would expect
that R. vitalii would have coevolved with a native canid
in South America. Our findings of R. vitalii infecting free-
ranging C. thous from two geographically separated states
of Brazil (Rio Grande do Sul and S3o Paulo) could corrobo-
rate a hypothesis that R. vitalii is naturally associated with
C. thous in South America. This statement is reinforced by
the following epidemiological observations: (i) it has been
demonstrated in an ongoing study that the tick A. aureola-
tum is so far the only competent vector of R. vitalii in Brazil
(Soares et al., 2012); (ii) A. aureolatum is the most common
tick species reported to infest C. thous in southeastern and
southern Brazil (Guglielmone et al., 2003; Labruna et al.,
2005), which include the currently known areas of occur-
rence of canine rangeliosis (Soares et al., 2013a,b); (iii) in
the present study, R. vitalii was detected in 46.2% (6/13)
of free-ranging C. thous, and at the same time, none of the
7 captive C. thous were infected; these contrasting find-
ings would be explained by the fact that infestations by
A. aureolatum would be unlikely in captive C. thous, just
as has been observed among urban dogs that do not have
access to Atlantic rainforest areas within the distribution
area of A. aureolatum (Ribeiro et al., 1997; Moraes-Filho
et al., 2009).

In the present study, the R. vitalii isolate obtained from
C. thous #1 was demonstrated to be highly pathogenic for
a domestic dog, which developed severe rangeliosis that
required supportive therapy. This observation corroborates
previous studies that have demonstrated R. vitalii to cause
severe disease in domestic dogs under natural conditions
(Krauspenhar et al., 2003; Loretti and Barros, 2005; Fighera,
2007; Fighera et al., 2008, 2010; Franca et al., 2010; Soares
et al, 2013a,b). Among the six R. vitalii-infected C. thous of
the present study, clinical evaluation could be performed

Fig. 3. Maximum likelihood phylogenetic tree of 18S rRNA partial
sequences (549-nt) of Rangelia vitalii and other piroplasms. Numbers on
the nodes indicate bootstrap values from 100 replicates. Only bootstrap
values >50 are shown. Numbers in brackets are GenBank accession num-
bers. The R. vitalii sequences generated in the present study are in bold,
indicated by a black arrow head.
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on just one animal (C. thous #1), since the other ones were
road-killed. Despite keeping the infection for at least 80
days, no clinical, hematological or biochemical alteration
was notably observed in C. thous #1, even though it was
potentially under capture stress and had a hind limb injury.
These observations suggest that R. vitalii is not as highly
pathogenic for C. thous as it is for domestic dogs, although it
is a premature concept, since we have made clinical obser-
vations on a single R. vitalii-infected C. thous. Interestingly,
it has been reported that the African agent Babesia rossi is
highly pathogenic for domestic dogs, and at the same time,
it is not pathogenic for spleen-intact black-backed jackals
(Canis mesomelas) and African wild dogs (Lycaon pictus);
these two wild canids are included as natural hosts for
the Haemaphysalis ticks that transmit B. rossi in the sub-
Saharan Africa (Neitz and Steyn, 1947; Van Heerden, 1980;
Penzhorn, 2011).

Our phylogenetic analysis inferred by the 18S rRNA
gene placed R. vitalii embedded in the clade ‘Babesia
sensu stricto’, consisting of a number of species that rep-
resent truly the genus Babesia (Schnittger et al., 2012).
Under such circumstance, the species R. vitalii should be
transferred to the genus Babesia, as recently suggested
in another study (Soares et al.,, 2011). It has been pro-
posed that the ‘Babesia sensu stricto’ species have two
main phenotypic characters: transovarial transmission in
ticks, and absence of schizonts (Schnittger et al., 2012).
Interestingly, R. vitalii was originally assigned to this mono-
typic genus because it was observed doing schizogony
within endothelial cells (Carini and Maciel, 1914), which
has been demonstrated by immunohistochemistry (Loretti
and Barros, 2005). Placing R. vitalii in the genus Babesia
would create an exception for the classical phenotypic
classification of piroplasmids, although the occurrence
of schizogony has not been deeply investigated in a
number of ‘Babesia sensu stricto’ species. Indeed, recent
molecular phylogenetic analyses have confirmed many
of the phenotype-based classic taxonomic classifications
of piroplasmids; however, genus-level reallocations of a
few species have also been proposed (Lack et al., 2012;
Schnittger et al., 2012).

In spite of being neglected for more than five decades,
canine rangeliosis is now recognized as a reemerging dis-
ease in Brazil. The present study expands our knowledge
on the natural history of R. vitalii, suggesting that it might
have a natural cycle involving the wild canid C. thous. Fur-
ther studies are needed to confirm the hypothesis that C.
thous is a natural reservoir of R. vitalii in Brazil.
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