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A B S T R A C T

Canine piroplasmoses, caused by Babesia spp., Theileria spp. and Rangelia vitalii, are emerging vector-borne
diseases with a worldwide distribution, transmitted by ticks. The aim of this study was to determine the pre-
valence and perform molecular characterization of piroplasmids in domestic dogs from Asunción city, Paraguay.
Blood samples were taken from 384 domestic dogs from Asunción city, Paraguay. DNA was purified from dog
blood samples and submitted to nested PCR assays for piroplasmids (18S rRNA) and sequenced for identification
and phylogenetic analysis. Overall piroplasmid prevalence in dogs from Paraguay was 6% (23/384 [CI
95% = 3.6–8.4%]). Phylogenetic studies showed that Babesia vogeli was the most prevalent species (91% [21/
23]), followed by Theileria equi (4% [1/23]) and Rangelia sp. closely related to R. vitalii (4% [1/23]). Babesia
vogeli, T. equi and Rangelia sp. circulate among domestic dogs from Asunción city, and are described for the first
time in Paraguay.

1. Introduction

Canine piroplasmosis is an emerging disease worldwide caused by
various species of piroplasms and is transmitted by ticks (Jefferies et al.,
2007). Piroplasmoses are produced by protozoa belonging to the class
Piroplasmea and order Piroplasmorida, including the Babesiidae family,
genus Babesia, the Theileriidae family, genus Theileria, and the species
Rangelia vitalii, whose taxonomic classification is still under study
(Homer et al., 2000; Loretti and Barros, 2005; Soares et al., 2011).
Rangelia vitalii belongs to the phylum Apicomplexa, order Pir-
oplasmorida (Loretti and Barros, 2005) and is genetically related to
protozoans from the Babesiidae family (Soares et al., 2011).

Parasites from the order Piroplasmorida have a cosmopolitan dis-
tribution (Criado-Fornelio et al., 2003). The molecular prevalence in
dogs varies from 0.1% to 75% for the genus Babesia, and 0.1% to 15%
for Theileria, as previously shown in studies from Europe, America,
Africa and Asia (Beck et al., 2017; Cassini et al., 2009; Eiras et al., 2008;
Gottlieb et al., 2016; Hamel et al., 2012; Kamani et al., 2013; Matjila
et al., 2008; Miró et al., 2015; René-Martellet et al., 2015; Rjeibi et al.,
2016; Singh et al., 2014; Soares et al., 2011; Solano-Gallego et al.,
2008; Sousa et al., 2013; Suh et al., 2017; Wei et al., 2014; Xu et al.,
2015). Rangelia vitalii prevalence in Brazil ranges from 5.8% to 30%

(Lemos et al., 2012; Soares et al., 2014), and although no prevalence
studies were performed in other countries, the presence of R. vitalii was
molecularly confirmed in Argentina (Eiras et al., 2014) and Uruguay
(Soares et al., 2015).

Canine piroplasmosis can vary from subclinical to severe and fatal
disease. Lethargy, anorexia, pale mucous membranes, hyperthermia,
hemoglobinuria, splenomegaly, hemolytic anemia and thrombocyto-
penia are clinical and laboratory manifestations regularly described in
dogs suffering from piroplasmosis (Cardoso et al., 2016).

Babesia spp. and Theileria spp. infections are frequently described in
dogs (Baneth et al., 2015) and are reportedly caused by B. canis, B. rossi,
B. vogeli, Babesia sp. coco, B. vulpes (also referred to as B. microti-like
and T. annae), B. gibsoni, B. conradae, T. equi and T. annulata (Baneth
et al., 2015; Birkenheuer et al., 2004; Criado-Fornelio and Martinez-
Marcos, 2003; Kjemtrup et al., 2006; Matjila et al., 2008; Uilenberg,
2006). Rangelia vitalii has only been described in South America and
causes severe hemorrhagic syndrome in dogs (Rivero et al., 2017;
Soares et al., 2015).

Although cytological evaluation of blood smears has been widely
used for detecting piroplasmid inclusions in erythrocytes, this method
lacks sensitivity and does not allow the species to be identified (Solano-
Gallego et al., 2016). For diagnosis and research purposes, polymerase
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chain reaction (PCR) and its variants are proven to be the most sensitive
and specific methods on detecting agents and new strains, as well as
being an important tool for evaluating treatment (Birkenheuer et al.,
2003; Duarte et al., 2008; Nakaghi et al., 2008; Rubini et al., 2009).

Rhipicephalus sanguineus sensu lato is widely distributed in Paraguay
(Nava et al., 2007; Pallarés and Usher, 1982), Haemaphysalis spp. was
described in two from the three provinces of Paraguay and Amblyomma
aureolatum was detected in San Pedro city (Nava et al., 2007). Those
ticks are involved in the transmission of piroplasmids (Chauvin et al.,
2009; Dixit et al., 2010; Soares et al., 2018; Sousa et al., 2018). How-
ever, to date piroplasmids have not been molecularly detected in do-
mestic dogs from Paraguay. The present study aimed to determine the
prevalence and perform a molecular characterization of piroplasmids in
domestic dogs from Asunción city, Paraguay.

2. Material and methods

2.1. Animals and Area of study

The study was approved by the Universidad Austral de Chile (UACh)
bioethics committee under the protocol number UACh 238/2015. In
order to determine the prevalence of piroplasmids in Asunción,
Paraguay, the sample size required was estimated according to the
method described by Thrusfield (2007). The procedure used to calcu-
late sample size is below. According to Thrusfield (2007) the mathe-
matical formula to calculate the sample size for estimate a disease
prevalence considering a 95% confidence interval is:

n=1.962 Pexp(1-Pexp)/D2

Where: n=required sample size (number of dogs required)
Pexp=expected prevalence
D=desired absolute precision
The Pexp (expected prevalence) of piroplasmids in dogs from

Paraguay is not known. There are no previous o pilot studies in the
country. The suitable procedure in this cases is to consider a prevalence
of 50%, which gives the maximum sample size (Sampaio, 2002;
Thrusfield, 2007).

Then, Pexp should be = 50%
With a D (desired absolute precision) of 5%,
The mathematical formula should be:

n=1.962 0.5(1-0.5)/0.052

n= 384
Over an 8-month period (August 2015 to March 2016), 384 client-

owned dogs had their blood sampled by a veterinary team. The dogs
came from six Asunción locations (Santísima Trinidad, Recoleta,
Lambaré, San Roque, La Catedral and La Encarnación) or Neighborhood
Units (NU) (NU: i.e., geographically defined areas with relatively
homogeneous socioeconomic characteristics), using data provided by
the Asunción municipality in order to acquire a balanced cohort. In
order to acquire a representative sampling from all Asunción NU, a
stratified sampling was performed accordingly to the total number dogs
living in each NU and its proportion to the overall dog population in the
city, which is detailed in results section of the manuscript (Table 2).

The samples were taken from: (1) dogs during home visits; and (2)
dogs admitted to the Veterinary Clinics of Asunción. The dogs were
sampled regardless of age, sex, health or reproductive status. Each
owner signed a consent form before the samples were taken. Blood
samples were collected aseptically by cephalic or jugular venipuncture,
collected in EDTA collecting plastic tubes (Vacutainer®), and stored at
-20 °C until PCR testing.

2.2. DNA extraction/purification

Frozen EDTA-blood samples were thawed at room temperature and

vortexed. DNA extraction and purification from 200 μL of blood was
performed using an “E.Z.N.A.® Tissue DNA Kit” (Omega®, Georgia,
USA), according to the manufacturer’s instructions, to obtain 100 μL of
purified DNA. DNA concentration and purity were determined
(NanoDrop ND-1000 spectrophotometer; Thermo Scientific©, USA). For
every 20 extractions, nuclease-free water (Thermo Scientific©, USA)
was used as template to verify possible contamination. DNA was stored
at −20 °C prior to performing PCR assays.

2.3. Endogenous conventional PCR

The RPS19 gene was used to detect canine genomic DNA in order to
check the integrity of the DNA template by using the primers RPS19-F y
RPS19-R (Brinkhof et al., 2006). The reaction mixture for RPS19 was
composed of 12.5 μL Gotaq® Green Master Mix (Promega®, Madison,
USA), 400 nM of each primer (RPS19-F and RPS19-R), 0.5 mM of MgCl2
and 5 μL of template DNA brought to a total volume of 25 μL with
nuclease-free water (Thermo Scientific©, USA). The thermic protocol
was: 95 °C for 2 min followed by 40 cycles of 95 °C for 20 s, 61 °C for
30 s, 72 °C for 30 s and a final extension of 72 °C for 5 min.

2.4. Nested PCR (nPCR) for piroplasmids

All 384 samples were tested by a nested PCR (nPCR) protocol, as
previously described (Jefferies, R., Ryan, U.M., Irwin, 2007), for am-
plifying a partial region of the 18S rRNA gene of piroplasmids (Babesia
spp.; Theileria spp. and Rangelia sp.). This nPCR has an analytical sen-
sitivity of 2.7 × 10−6 for the primary round of amplification and
2.7 × 10-7 for the second one (Jefferies et al., 2007). A set of external
primers was BTF1 and BTR1 (930bp), and internal primers BTF2 and
BTR2 (800bp) were used. The reaction mixture was composed of
12.5 μL Gotaq® Green Master Mix (Promega®, Madison, USA), 200 nM of
each primer (BTF1 and BTR1) and 5 μL of template DNA brought to a
total volume of 25 μL with nuclease-free water (Thermo Scientific©,
USA). For the primary round of amplification the thermal cycling
protocol was as follows: 94 °C for 3 min followed by 45 cycles of 94 °C
for 30 s, 58 °C for 30 s and 72 °C for 30 s. Amplification was completed
with a final extension of 72 °C for 3 min.

The same conditions were used for the secondary round of ampli-
fication, except the set of primers (BRF2 and BTR2) and the annealing
temperature which was increased to 62 °C, using 5 μL of the DNA am-
plicon from the primary reaction. All PCR runs were performed with
nuclease-free water (Thermo Scientific©, USA) as a negative control.
Babesia vogeli genomic DNA obtained from a naturally infected dog was
kindly provided by Dr. Marcos Rogério André from Universidade
Estadual Paulista, UNESP Jaboticabal, Brazil, and used as a positive
control.

All reactions were performed in a T100 TM Thermal Cycler (Bio-
Rad, USA). nPCR products were separated by 2% agarose gel electro-
phoresis (LE Agarose Seakem®, Lonza) stained with SYBR© Safe DNA
gel stain (Thermo Scientific©, USA). DNA extraction/purification, nPCR
amplification, and electrophoresis were performed in three separate
rooms to avoid cross contamination. The summary of primers used in
this study is shown in Table 1.

All 18S rRNA nPCR positive products (n = 23) were purified by
enzymatic reaction (ExoSAP-IT™ PCR Product Cleanup Reagent)
(Thermo Scientific©, USA) following the manufacturer’s instructions,
and sent to Macrogen® (Korea) for sequencing by the Sanger method
(Sanger et al., 1977) in both directions, and evaluated by the ABI’s
sequence analysis software (ABI, Carlsbad, CA). The obtained sequences
were analyzed initially by BLAST through the NCBI’s Mega-BLAST al-
gorithm (Altschul et al., 1990). In order to correctly determine nu-
cleotide composition, the electropherograms were submitted to
PhredPhrap analysis (Ewing et al., 2005), with the Phred quality score
(peaks around each base call) established as higher than 20 (99% in
accuracy of the base call). Final consensus sequences were submitted to
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GenBank (Benson et al., 2004). Percentages of identities were obtained
using BLASTn.

A Neighbor-Joining phylogenetic tree was constructed using MEGA
version 7 (Altschul et al., 1990; Benson et al., 2004; Kumar et al., 2016).
The best nucleotide substitution model was chosen using the MEGA 7
software (Kumar et al., 2016), under the Akaike information criterion
(AIC). The data set was analyzed 1000 times to generate the Bootstrap
values.

In order to determine overall piroplasmid prevalence in dogs from
Asunción, Paraguay, the PCR-positive dogs were divided by the total
number of animals and multiplied by 100. The observed prevalence was
expressed in percentages, and the 95% IC was calculated.

3. Results

All 384 DNA samples (Mean and Standard Deviation (SD) of DNA
concentration = 26.06 ± 6.54 ng/uL; mean and SD 260/280 ratio =
1.80 ± 0.15) were positive for the RPS-19 reference gene and there
was no amplification of negative controls. Overall the molecular pre-
valence of piroplasmids in dogs from Asunción using 18 s rRNA nPCR
was 6% (23/384 [CI 95% = 3.6–8.4%]). Positive dogs were found in all
geographic sampled areas, with the following occurrence by sector:
Santísima Trinidad 4% (4/93); Recoleta 4% (3/83); San Roque 7% (6/
84); La Encarnación 8% (4/52); Catedral 9% (4/45); Lambaré 7% (2/
27) (Table 2).

All 23 18S rRNA-nPCR positive samples were sequenced. BLAST and
phylogenetic analyses supported the identification of 91% (21/23)
products (∼715 - 765bp and two sequences with ∼368 - 420bp) as B.
vogeli, (GenBank accession numbers MH100702-MH100704,
MH100706, MH100708-MH100724), showing 98–100% identity with
B. vogeli sequences from dogs (GenBank accession numbers KT333456
and DQ297390); 4% (1/23) products (∼785bp) as T. equi (GenBank
accession number MH100725) being its closest identity (100%) T. equi
sequences from horses (GenBank accession numbers JX177672 and
JX177670); and 4% (1/23) as Rangelia sp. (GenBank accession number
MH100726) (∼740pb) with a 95% identity to other R. vitalii sequences
from dogs in Argentina and Brazil (GenBank accession numbers
KT288200 and KT288203), with a high query coverage (100%). The
highest prevalence was observed for B. vogeli (5.5% [21/384]),

followed by T. equi (0.3% [1/384]) and Rangelia sp. (0.3% [1/384])
(Table 2).

Babesia vogeli from Paraguay clustered with B. vogeli sequences de-
tected in dogs, cats and ticks from Brazil (AY371195, KT333456 and
KT323935), Australia (MG758132), and China (MG586234,
MG586235). Theileria equi was closely positioned to T. equi sequences
from horses in Brazil (KU240068 and JX177672) and Theileria sp. in
domestic cat from Brazil (KP410273). Finally, Rangelia sp. detected in
this study (MH100726) was closely positioned to R. vitalii sequences
from dogs in Argentina (KF218605 and KF218606) and Brazil
(KT323931 and KT288200) (Fig. 1).

4. Discussion

Canine piroplasmosis is an emerging disease that is widely dis-
tributed, especially in tropical and subtropical countries (Jefferies et al.,
2007). Its geographical distribution is largely determined by the eco-
logical ranges of its vector arthropods (Cardoso et al., 2010; Laha et al.,
2015). Studies on piroplasmosis in dogs have been performed
throughout the world (Irwin, 2009; Solano-Gallego and Baneth, 2011).

In South America, there are reports of piroplasmids in dogs from
Brazil (França et al., 2014; Gottlieb et al., 2016; Lemos et al., 2012;
Passos et al., 2005; Soares et al., 2011; Sousa et al., 2013, 2018), Ar-
gentina (Eiras et al., 2008, 2014), Uruguay (Soares et al., 2015), Ve-
nezuela (Criado-Fornelio et al., 2007), Ecuador (Zoubi et al., 2016) and
Colombia (Vargas-Hernández et al., 2012). To the best of our knowl-
edge, B. vogeli, T. equi and Rangelia sp. are reported for the first time in
domestic dogs from Paraguay in this study.

Babesia vogeli from Paraguay was very similar to other B. vogeli se-
quences detected in dogs, ticks and cats worldwide, confirming that the
B. vogeli from Paraguay presented an affiliation with other isolates from
different geographical regions. This high degree of similarity has been
described before (Duarte et al., 2011; Gülanber et al., 2006).

The most prevalent piroplasmid species in our study was B. vogeli,
which is in accordance with results reported in Brazil (Sousa et al.,
2013, 2018; Trapp et al., 2006), Tunisia (Rjeibi et al., 2016), Palestine
(Azmi et al., 2016), and China (Xu et al., 2015), where B. vogeli was the
most prevalent piroplasmid, and in Colombia (Vargas-Hernández et al.,
2012) where B. vogeli was the only piroplasmid detected in dogs. Ba-
besia vogeli has the most widespread distribution (Allison et al., 2011;
Simões et al., 2011), being present in Europe (Solano-Gallego et al.,
2008), as well as in tropical areas or the subtropics of Africa (Inokuma
et al., 2004; Matjila et al., 2004), Australia (Jefferies et al., 2003), North
and South America (Birkenheuer et al., 2005; Passos et al., 2005; Sousa
et al., 2013, 2018).

The prevalence of B. vogeli (5.5%) in dogs from Paraguay resembles
that observed in Argentina (3–7%) (Mascarelli et al., 2016), Colombia
(5.4%) (Vargas-Hernández et al., 2012) and Costa Rica (5.5%) (Rojas
et al., 2014). The presence of R. sanguineus s.l. has been confirmed in
Paraguay, being widely distributed throughout the country (Nava et al.,
2007; Pallarés and Usher, 1982), and thus, could be related to pir-
oplasmid transmission. More studies are needed to elucidate the dis-
tribution of ticks in dogs and confirm their competence for B. vogeli in
Paraguay.

Theileria equi is usually found in horses (Beck et al., 2009; Homer

Table 1
Summary information on the different primer sets and product sizes used in nested PCR assays performed in this study.

Primers Target-gene Sequence (5´- 3´) Product size pb Reference

RPS19 R
RPS19 F

RPS19 CCTTCCTCAAAAA/GTCTGGG
GTTCTCATCGTAGGGAGCAAG

100 (Brinkhof et al., 2006)

BTF1 (external)
BTR1 (external)

18S rRNA GGCTCATTACAACAGTTATAGCCCAAAGACTTTGATTTCTCTC
CCGTGCTAATTGTAGGGCTAATACGGACTACGACGGTATCTGATCG

930 (Jefferies et al., 2007)

BTF2 (internal)
BTR2 (internal)

18S rRNA GGCTCATTACAACAGTTATAGCCCAAAGACTTTGATTTCTCTC
CCGTGCTAATTGTAGGGCTAATACGGACTACGACGGTATCTGATCG

800 (Jefferies et al., 2007)

Table 2
Dog population, number of sampled dogs and prevalence of piroplasmid in-
fection in domestic dogs (n = 384) from Asunción sectors, Paraguay.

Locality Dog Population
Number/
percentage

Sampled dogs
(n)

Piroplasmid’s
prevalence

La Encarnación 24,086 (13.5%) 52 8% (4/52)
La Catedral1 21,078 (11.8%) 45 9% (4/45)
San Roque2 39,070 (21.8%) 84 7% (6/84)
Lambaré 12,747 (7.1%) 27 7% (2/27)
Recoleta 39,015 (21.7%) 83 4% (3/83)
Santísima Trinidad 43,240 (24.1%) 93 4% (4/93)
TOTAL 179,236 (100%) 384 6% (23/384)

1.Theileria equi positive dog was from La Catedral; 2. Rangelia sp. positive dog
was from San Roque.
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et al., 2000), however, infection with T. equi was described in a dog
from Croatia (Beck et al., 2009), and previously reported in asympto-
matic dogs (n = 3) and in a symptomatic dog (n = 1) from Spain
(Criado-Fornelio and Martinez-Marcos, 2003). The clinical signs of

theileriosis in dogs are often non-specific, which prevents diagnostic
accuracy (Krause, 2003; Quintão-Silva and Ribeiro, 2003; Wise et al.,
2013). Low T. equi prevalence (4% [3/72]) was also described in dogs
from Nigeria (Adamu et al., 2014). Our study presents the first report of

Fig. 1. Neighbor-Joining phylogenetic relationships within species belonging to the Piroplasmorida order based on a ∼715-bp fragment of the 18S rRNA. The tree
was inferred by using the ML method and evolutive model GTR + G + I. The numbers at the nodes correspond to percentage of supported bootstrap values (1000
replicates). Hepatozoon canis was used as an outgroup.
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T. equi in a domestic dog from South America.
Theileria equi is transmitted by a series of tick species within the

genera Hyalomma, Dermacentor and Rhipicephalus. Dermacentor nitens
ticks have been found in horses from Paraguay (Pallarés and Usher,
1982; Quinlan et al., 1980) and ticks from the genus Rhipicephalus have
been confirmed in dogs from Paraguay (Nava et al., 2007).

A genotype of Theileria sp. closely related to T. equi was found in
blood samples from Brazilian cats (André et al., 2014, 2015). Theileria
equi detected in Paraguay was grouped into the same clade with T. equi
from horses, which may indicate a genetic relationship between the
piroplasmids of these two animal species. This could suggest a spill-over
between animal species (Criado-Fornelio et al., 2003). There are no
reports of piroplasmids infecting horses from Paraguay, however future
studies should aim to identify piroplasmoses and its vectors in horses in
the country.

Rangelia sp. detected in Paraguay was grouped with Rangelia vitalli
from Argentina and Brazil, in a separate branch with 95% identity in
18S rRNA and high query coverage. More studies should be carried out
with less conserved genes such as hsp70 (Soares et al., 2011) and β-
Tubulina (Zamoto et al., 2004) to elucidate whether it could be a closely
related species or a variant of R. vitalii.

The prevalence of Rangelia sp. in dogs from Paraguay (4%) was
lower than that described for R. vitalii in dogs from Brazil (6.8%–30%)
(Lemos et al., 2012; Soares et al., 2014). Rangelia vitalii, has only been
detected in dogs from south and southeastern regions of Brazil (Lemos
et al., 2012; Lóes et al., 2013; Loretti and Barros, 2005; Soares et al.,
2011; Soares, 2014) Argentina (Eiras et al., 2014) and Uruguay (Soares
et al., 2015).

Amblyomma aureolatum is the vector of R. vitalii in Brazil (Soares
et al., 2018). Asunción has a tropical savanna climate with a favorable
microclimate for A. aureolatum ticks maintenance (Pinter et al., 2004;
Rodrigues et al., 2002), being this species of tick described before in San
Pedro (Nava et al., 2007), a city located nearby Asunción, 195 miles
apart. As the Rangelia sp. positive dog had no history of traveling,
further studies must check the presence of A. aureolatum in Asunción
and its vectorial competence for Rangelia sp. transmission in the
country.

5. Conclusions

The findings of this study revealed the presence of B. vogeli, T. equi
and Rangelia sp. for the first time in domestic dogs from Paraguay.
Piroplasmids were widely distributed in Asunción city. Those pathogens
should be included in the differential diagnosis of dogs exposed to
vector-borne pathogens, and thus contribute to the successful im-
plementation of control strategies in the country. Finally, further stu-
dies are needed to identify the major vectors of these pathogens in the
region.

Funding

We acknowledge the financial support of the Postgraduate program,
Magister en Ciencias Mención Salud Animal, Universidad Austral de
Chile, which enabled this work.

Declaration of interest

None.

Acknowledgements

We thank the veterinary team of the UACh Veterinary Hospital for
their helpful contributions in collecting samples. We also wish to thank
the team of the Inmunoparasitology Laboratory, Faculdade de Ciencias
Agrárias e Veterinárias of the Universidade Estadual Paulista,
Jaboticabal, Brazil, for their technical support.

References

Adamu, M., Troskie, M., Oshadu, D.O., Malatji, D.P., Penzhorn, B.L., Matjila, P.T., 2014.
Occurrence of tick-transmitted pathogens in dogs in Jos, plateau State. Niger. Parasit.
Vectors 7, 1–8. https://doi.org/10.1186/1756-3305-7-119.

Allison, R.W., Yeagley, T.J., Levis, K., Reichard, M.V., 2011. Babesia canis rossi infection in
a Texas dog. Vet. Clin. Pathol. 40, 345–350. https://doi.org/10.1111/j.1939-165X.
2011.00332.x.

Altschul, S.F., Gish, W., Miller, W., Myers, E.W., Lipman, D.J., 1990. Basic local alignment
search tool. J. Mol. Biol. 215, 403–410. https://doi.org/10.1016/S0022-2836(05)
80360-2.

André, M.R., Denardi, N.C.B., Sousa, K.C.M., Gonçalves, L.R., Henrique, P.C., Ontivero,
C.R.G.R., Gonzalez, I.H.L., Nery, C.V.C., Chagas, C.R.F., Monticelli, C., Santis,
A.C.G.A., Machado, R.Z., 2014. Arthropod-borne pathogens circulating in free-
roaming domestic cats in a zoo environment in Brazil. Ticks Tick. Borne. Dis. 5,
545–551. https://doi.org/10.1016/j.ttbdis.2014.03.011.

André, M.R., Herrera, H.M., Fernandes, S., de, J., Sousa, K.C.M., Gonçalves, L.R.,
Domingos, I.H., Macedo, G.C., Machado, R.Z., 2015. Tick-borne agents in domes-
ticated and stray cats from the city of Campo Grande, state of Mato Grosso do Sul,
midwestern Brazil. Ticks Tick. Borne. Dis. 6, 779–786. https://doi.org/10.1016/j.
ttbdis.2015.07.004.

Azmi, K., Ereqat, S., Nasereddin, A., Al-jawabreh, A., Baneth, G., Abdeen, Z., 2016.
Molecular detection of Theileria, Babesia, and Hepatozoon spp. in ixodid ticks from
Palestine. Ticks Tick. Borne. Dis. 7, 734–741. https://doi.org/10.1016/j.ttbdis.2016.
03.003.

Baneth, G., Florin-Christensen, M., Cardoso, L., Schnittger, L., 2015. Reclassification of
Theileria annae as Babesia vulpes sp. nov. Parasit. Vectors 8, 1–7. https://doi.org/10.
1186/s13071-015-0830-5.

Beck, R., Vojta, L., Mrljak, V., Marinculic, A., Beck, A., Zivicnjak, T., Cacciò, S.M., 2009.
Diversity of Babesia and Theileria species in symptomatic and asymptomatic dogs in
Croatia q ˇ ivic. Int. J. Parasitol. 39, 843–848. https://doi.org/10.1016/j.ijpara.2008.
12.005.

Beck, A., Huber, D., Polkinghorne, A., Kurilj, A.G., Benko, V., Mrljak, V., Relji, S., Kusak,
J., Reil, I., Beck, R., 2017. The prevalence and impact of Babesia canis and Theileria sp.
in free-ranging grey wolf (Canis lupus) populations in Croatia. Parasit. Vectors 1–9.
https://doi.org/10.1186/s13071-017-2106-8.

Benson, D.A., Karsch-mizrachi, I., Lipman, D.J., Ostell, J., Wheeler, D.L., 2004. GenBank.
Nucleic Acids Res. 31, 23–27. https://doi.org/10.1093/nar/gkh045.

Birkenheuer, A.J., Levy, M.G., Breitschwerdt, E.B., 2003. Development and evaluation of
a seminested PCR for detection and differentiation of Babesia gibsoni (Asian
Genotype) and B. canis DNA in canine blood samples. J. Clin. Microbiol. 41,
4172–4177. https://doi.org/10.1128/JCM.41.9.4172.

Birkenheuer, A.J., Neel, J., Ruslander, D., Levy, M.G., Breitschwerdt, E.B., 2004.
Detection and molecular characterization of a novel large Babesia species in a dog.
Vet. Parasitol. 124, 151–160. https://doi.org/10.1016/j.vetpar.2004.07.008.

Birkenheuer, A.J., Correa, M.T., Levy, M.G., Breitschwerdt, E.B., 2005. Geographic
Distribution of Babesiosis Among Dogs in the United States and Association With Dog
Bites: 150 Cases (2000 - 2003).

Brinkhof, B., Spee, B., Rothuizen, J., Penning, L.C., 2006. Development and evaluation of
canine reference genes for accurate quantification of gene expression. Anal. Biochem.
356, 36–43. https://doi.org/10.1016/j.ab.2006.06.001.

Cardoso, L., Yisaschar-Mekuzas, Y., Rodrigues, F.T., Costa, A., Machado, J., Diz-Lopes, D.,
Baneth, G., 2010. Canine babesiosis in northern Portugal and molecular character-
ization of vector-borne co-infections. Parasit. Vectors 3, 1–10. https://doi.org/10.
1186/1756-3305-3-27.

Cardoso, L., Oliveira, A.C., Granada, S., Nachum-biala, Y., Gilad, M., Lopes, A.P., Sousa,
S.R., Vilhena, H., Baneth, G., 2016. Molecular investigation of tick-borne pathogens
in dogs from Luanda, Angola. Parasit. Vectors 9, 1–6. https://doi.org/10.1186/
s13071-016-1536-z.

Cassini, R., Zanutto, S., Regalbono, A.F., Gabrielli, S., Calderini, P., Moretti, A., Tampieri,
M.P., Pietrobelli, M., 2009. Canine piroplasmosis in Italy: epidemiological aspects in
vertebrate and invertebrate hosts. Vet. Parasitol. 165, 30–35. https://doi.org/10.
1016/j.vetpar.2009.06.044.

Chauvin, A., Moreau, E., Bonnet, S., Olivier, P., Laurence, M., 2009. Babesia and its hosts:
adaptation to long-lasting interactions as a way to achieve efficient transmission. Vet.
Res. 40, 1–18. https://doi.org/10.1051/vetres/2009020.

Criado-Fornelio, A., Martinez-Marcos, A., 2003. Molecular studies on Babesia, Theileria
and Hepatozoon in southern Europe part I. Epizootiological aspects. Vet. Parasitol.
113, 189–201. https://doi.org/10.1016/S0304-4017(03)00078-5.

Criado-Fornelio, A., Martinez-Marcos, A., Buling-Saraña, A., Barba-Carretero, J.C., 2003.
Molecular studies on Babesia, Theileria and Hepatozoon in southern Europe part II.
Phylogenetic analysis and evolutionary history. Vet. Parasitol. 114, 173–194. https://
doi.org/10.1016/S0304-4017(03)00141-9.

Criado-Fornelio, A., Rey-valeiron, C., Buling, A., 2007. New advances in molecular epi-
zootiology of canine hematic protozoa from Venezuela, Thailand and Spain. Vet.
Parasitol. 144, 261–269. https://doi.org/10.1016/j.vetpar.2006.09.042.

Dixit, P., Dixit, A.K., Varshney, J.P., 2010. Evidence of new pathogenic Theileria species in
dogs. J. Parasit. Dis. 34, 29–32. https://doi.org/10.1007/s12639-010-0009-0.

Duarte, S.C., Linhares, G.F.C., Romanowsky, T.N., Neto, O.J.S., Borges, M.F.B., 2008.
Assessment of primers designed for the subspecies-specific discrimination among
Babesia canis canis, Babesia canis vogeli and Babesia canis rossi by PCR assay. Vet.
Parasitol. 152, 16–20. https://doi.org/10.1016/j.vetpar.2007.12.013.

Duarte, S.C., Parente, J.A., Pereira, M., Soares, C.M., de, A., Linhares, G.F.C., 2011.
Phylogenetic characterization of Babesia canis vogeli in dogs in the state of Goiás,
Brazil. Rev. Bras. Parasitol. Veterinária 20, 274–280. https://doi.org/10.1590/

E.L. Inácio et al. Ticks and Tick-borne Diseases 10 (2019) 321–327

325

https://doi.org/10.1186/1756-3305-7-119
https://doi.org/10.1111/j.1939-165X.2011.00332.x
https://doi.org/10.1111/j.1939-165X.2011.00332.x
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1016/j.ttbdis.2014.03.011
https://doi.org/10.1016/j.ttbdis.2015.07.004
https://doi.org/10.1016/j.ttbdis.2015.07.004
https://doi.org/10.1016/j.ttbdis.2016.03.003
https://doi.org/10.1016/j.ttbdis.2016.03.003
https://doi.org/10.1186/s13071-015-0830-5
https://doi.org/10.1186/s13071-015-0830-5
https://doi.org/10.1016/j.ijpara.2008.12.005
https://doi.org/10.1016/j.ijpara.2008.12.005
https://doi.org/10.1186/s13071-017-2106-8
https://doi.org/10.1093/nar/gkh045
https://doi.org/10.1128/JCM.41.9.4172
https://doi.org/10.1016/j.vetpar.2004.07.008
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0065
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0065
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0065
https://doi.org/10.1016/j.ab.2006.06.001
https://doi.org/10.1186/1756-3305-3-27
https://doi.org/10.1186/1756-3305-3-27
https://doi.org/10.1186/s13071-016-1536-z
https://doi.org/10.1186/s13071-016-1536-z
https://doi.org/10.1016/j.vetpar.2009.06.044
https://doi.org/10.1016/j.vetpar.2009.06.044
https://doi.org/10.1051/vetres/2009020
https://doi.org/10.1016/S0304-4017(03)00078-5
https://doi.org/10.1016/S0304-4017(03)00141-9
https://doi.org/10.1016/S0304-4017(03)00141-9
https://doi.org/10.1016/j.vetpar.2006.09.042
https://doi.org/10.1007/s12639-010-0009-0
https://doi.org/10.1016/j.vetpar.2007.12.013
https://doi.org/10.1590/S1984-29612011000400004


S1984-29612011000400004.
Eiras, D.F., Basabe, J., Mesplet, M., Schnittger, L., 2008. First molecular characterization

of Babesia vogeli in two naturally infected dogs of Buenos Aires, Argentina. Vet.
Parasitol. 157, 294–298. https://doi.org/10.1016/j.vetpar.2008.07.037.

Eiras, D.F., Craviotto, M.B., Baneth, G., Moré, G., 2014. First report of Rangelia vitalii
infection (canine rangeliosis) in Argentina. Parasitol. Int. 63, 729–734. https://doi.
org/10.1016/j.parint.2014.06.003.

Ewing, B., Hillier, L., Wendl, M.C., Green, P., 2005. Base-calling of automated sequencer
traces using phred. I. accuracy assessment. Genome Res. 175–185. https://doi.org/
10.1101/gr.8.3.175.

França, R.T., Da Silva, A.S., Loretti, A.P., Mazzanti, C.M., Lopes, S.T.A., 2014. Canine
rangeliosis due to Rangelia vitalii: from first report in Brazil in 1910 to current day - A
review. Ticks Tick. Borne. Dis. 5, 466–474. https://doi.org/10.1016/j.ttbdis.2014.04.
005.

Gottlieb, J., André, M.R., Soares, J.F., Gonsalves, L.R., Oliveira, M.T., Costa, M.M.,
Labruna, M.B., Bortolini, C.E., Machado, R.Z., Vieira, M.I.B., 2016. Rangelia vitalii,
Babesia spp. and Ehrlichia spp. in dogs in Passo Fundo, state of Rio Grande do Sul,
Brazil. Rev. Bras. Parasitol. Vet. 25, 172–178. https://doi.org/10.1590/S1984-
29612016041.

Gülanber, A., Gorenflot, A., Schetters, T.P.M., Carcy, B., 2006. First molecular diagnosis
of Babesia vogeli in domestic dogs from Turkey. Vet. Parasitol. 139, 224–230. https://
doi.org/10.1016/j.vetpar.2006.02.035.

Hamel, D., Silaghi, C., Lescai, D., Pfister, K., 2012. Epidemiological aspects on vector-
borne infections in stray and pet dogs from Romania and Hungary with focus on
Babesia spp. Parasitol. Res. 4, 1537–1545. https://doi.org/10.1007/s00436-011-
2659-y.

Homer, M.J., Aguilar-delfin, I., Telford III, S.R., Krause, P.J., Persing, D.H., 2000.
Babesiosis. Clin. Microbiol. Rev. 13, 451–469.

Inokuma, H., Yoshizaki, Y., Matsumoto, K., Okuda, M., Onishi, T., Nakagome, K., Kosugi,
R., Hirakawa, M., 2004. Molecular survey of Babesia infection in dogs in Okinawa,
Japan. Vet. Microbiol. 121, 341–346. https://doi.org/10.1016/j.vetpar.2004.03.012.

Irwin, P.J., 2009. Canine babesiosis: from molecular taxonomy to control. Parasit. Vectors
9, 1–9. https://doi.org/10.1186/1756-3305-2-S1-S4.

Jefferies, R., Ryan, U.M., Muhlnickel, C.J., Irwin, P.J., 2003. Two species of Canine
Babesia in Australia: detection and characterization by PCR. J Parasitol. 89, 409–412.
https://doi.org/10.1645/0022-3395(2003)089[0409:TSOCBI]2.0.CO;2.

Jefferies, R., Ryan, U.M., Irwin, P.J., 2007. PCR – RFLP for the detection and differ-
entiation of the canine piroplasm species and its use with filter paper-based tech-
nologies. Vet. Parasitol. 144, 20–27. https://doi.org/10.1016/j.vetpar.2006.09.022.

Kamani, J., Baneth, G., Mumcuoglu, K.Y., Waziri, N.E., Eyal, O., Guthmann, Y., Harrus, S.,
2013. Molecular detection and characterization of tick-borne pathogens in dogs and
ticks from Nigeria. PLoS Negl. Trop. Dis. 7, 1–7. https://doi.org/10.1371/journal.
pntd.0002108.

Kjemtrup, A.M., Wainwright, K., Miller, M., Penzhorn, B.L., Carreno, R.A., 2006. Babesia
conradae sp. Nov., A small canine Babesia identified in California. Vet. Parasitol.
138, 103–111. https://doi.org/10.1016/j.vetpar.2006.01.044.

Krause, P.J., 2003. Babesiosis diagnosis and treatment. Vector-Borne Zoonotic Dis. 3,
45–51. https://doi.org/10.1089/153036603765627451.

Kumar, S., Stecher, G., Tamura, K., 2016. MEGA7: molecular evolutionary genetics
analysis version 7.0 for bigger datasets. Mol. Biol. Evol. 33, 1870–1874. https://doi.
org/10.1093/molbev/msw054.

Laha, R., Das, M., Sen, A., 2015. Morphology, epidemiology, and phylogeny of Babesia: an
overview. Trop Parasitol. 5, 94–100. https://doi.org/10.4103/2229-5070.162490.

Lemos, T.D., Cerqueira, A.M.F., Toma, H.K., Silva, A.V., Corrêa, R.G.B., Paludo, G.R.,
Massard, C.L., Almosny, N.R.P., 2012. Detection and molecular characterization of
piroplasms species from naturally infected dogs in southeast Brazil. Rev. Bras.
Parasitol. Vet. 21, 137–142. https://doi.org/10.1590/S1984-29612012000200012.

Lóes, M.V.M., Bintencourt, L.G., Freitas, S.J., de Melo, N.O., Serakides, R., Ecco, R., 2013.
Infecção por Rangelia vitalii em um cão em Minas Gerais. Arch. Vet. Sci. 18,
637–639.

Loretti, A.P., Barros, S.S., 2005. Hemorrhagic disease in dogs infected with an unclassified
intraendothelial piroplasm in southern Brazil. Vet. Parasitol. 134, 193–213. https://
doi.org/10.1016/j.vetpar.2005.07.011.

Mascarelli, P.E., Tartara, G.P., Pereyra, N.B., Maggi, R.G., 2016. Detection of Mycoplasma
haemocanis, Mycoplasma haematoparvum, Mycoplasma suis and other vector-borne
pathogens in dogs from Córdoba and Santa Fé, Argentina. Parasit. Vectors 1–5.
https://doi.org/10.1186/s13071-016-1920-8.

Matjila, P.T., Penzhorn, B.L., Bekker, C.P.J., Nijhof, A.M., Jongejan, F., 2004.
Confirmation of occurrence of Babesia canis vogeli in domestic dogs in South Africa.
Vet. Parasitol. 122, 119–125. https://doi.org/10.1016/j.vetpar.2004.03.019.

Matjila, P.T., Leisewitz, A.L., Oosthuizen, M.C., Jongejan, F., Penzhorn, B.L., 2008.
Detection of a Theileria species in dogs in South Africa. Vet. Parasitol. 157, 34–40.
https://doi.org/10.1016/j.vetpar.2008.06.025.

Miró, G., Checa, R., Paparini, A., Ortega, N., González-fraga, J.L., Gofton, A., Bartolomé,
A., Montoya, A., Gálvez, R., Mayo, P.P., Irwin, P., 2015. Theileria annae (syn. Babesia
microti-like) infection in dogs in NW Spain detected using direct and indirect diag-
nostic techniques: clinical report of 75 cases. Parasit. Vectors 1–11. https://doi.org/
10.1186/s13071-015-0825-2.

Nakaghi, A.C.H., Machado, R.Z., Costa, M.T., André, M.R., Baldani, C.D., 2008. Canine
ehrlichiosis: clinical, hematological, serological and molecular aspects. Cienc. Rural
38, 766–770. https://doi.org/10.1590/S0103-84782008000300027.

Nava, S., Lareschi, M., Rebollo, C., Benítez usher, C., Beati, L., Robbins, R.G., Durden,
L.A., Mangold, A.J., Guglielmone, A.A., 2007. The ticks (Acari: Ixodida: Argasidae,
Ixodidae) of Paraguay. Ann. Trop. Med. Parasitol. 101, 255–270. https://doi.org/10.
1179/136485907X176319.

Pallarés, M.R., Usher, C.A.B., 1982. De la distribución de Ixodina (Vander Hammen,

1968) en el Paraguay. Rev. Paraguaya Microbiol. 17, 49–52.
Passos, L.M.F., Geiger, S.M., Ribeiro, M.F.B., Pfister, K., Zahler-Rinder, M., 2005. First

molecular detection of Babesia vogeli in dogs from Brazil. Vet. Parasitol. 127, 81–85.
https://doi.org/10.1016/j.vetpar.2004.07.028.

Pinter, A., Dias, R.A., Gennari, S.M., Labruna, M.B., 2004. Study of the seasonal dynamics,
life cycle, and host specificity of Amblyomma aureolatum (Acari : Ixodidae). J. Med.
Entomol. 4, 324–332.

Quinlan, Jf., Scarone, C.A., Laneri, Jl., 1980. Cattle tick identification and seasonal var-
iation in infestation rates in Paraguay. Trop. Anim. Health Prod. 12, 259–264.

Quintão-silva, M.G., Ribeiro, M.F.B., 2003. Infection rate of Babesia spp. Sporokinetes in
engorged Boophilus microplus from an area of enzootic stability in the State of Minas
Gerais, Brazil. Mem. Inst. Oswaldo Cruz 98, 999–1002. https://doi.org/10.1590/
S0074-02762003000800003.

René-Martellet, M., Moro, C.V., Chêne, J., Bourdoiseau, G., Chabanne, L., Mavingui, P.,
2015. Update on epidemiology of canine babesiosis in Southern France. BMC Vet.
Res. 1–11. https://doi.org/10.1186/s12917-015-0525-3.

Rivero, R., Minoli, P., Parodi, P., Matto, C., Armúa-Fernández, M.T., Gianneechini, E.,
Carvalho, L., Venzal, J.M., 2017. Description of an outbreak of canine rangeliosis in
the northwest littoral of Uruguay. Veterinary 54, 1–26.

Rjeibi, M.R., Amairia, S., Rouatbi, M., Salem, F.B., Mabrouk, M., Gharbi, M., 2016.
Molecular prevalence and genetic characterization of piroplasms in dogs from
Tunisia. Parasitology 143, 1622–1628. https://doi.org/10.1017/
S003118201600113X.

Rodrigues, D.S., Carvalho, H.Á.C., Fernandes, A.A., Freitas, C.M.V., Leite, R.C., Oliveira,
P.R., 2002. Biology of Amblyomma aureolatum (Pallas, 1772) (Acari : Ixodidae) on
some laboratory hosts in Brazil. Mem. Inst. Oswaldo Cruz 97, 853–856. https://doi.
org/10.1590/S0074-02762002000600018.

Rojas, A., Rojas, D., Montenegro, V., Gutiérrez, R., Yasur-landau, D., Baneth, G., 2014.
Veterinary parasitology vector-borne pathogens in dogs from Costa Rica: first mole-
cular description of Babesia vogeli and Hepatozoon canis infections with a high pre-
valence of monocytic ehrlichiosis and the manifestations of co-infection. Vet.
Parasitol. 199, 121–128. https://doi.org/10.1016/j.vetpar.2013.10.027.

Rubini, A.S., Paduan, K.S., Martins, T.F., Labruna, M.B., O´Dwyer, L.H., 2009. Acquisition
and transmission of Hepatozoon canis (Apicomplexa : Hepatozoidae) by the tick
Amblyomma ovale (Acari: Ixodidae). Vet. Parasitol. 164, 324–327. https://doi.org/
10.1016/j.vetpar.2009.05.009.

Sampaio, I., 2002. In: Horizonte, Belo (Ed.), Estatística Aplicada à Experimentação
Animal, 2 edition. FEPMVZ, Rio de Janeiro, Brasil.

Sanger, F., Nicklen, S., Coulson, A.R., 1977. DNA sequencing with chain-terminating
inhibitors. Proc. Natl. Acad. Sci. 74, 5463–5467. https://doi.org/10.1073/pnas.74.
12.5463.

Simões, P.B., Cardoso, L., Araújo, M., Yisaschar-Mekuzas, Y., Baneth, G., 2011. Babesiosis
due to the canine Babesia microti-like small piroplasm in dogs-first report from
Portugal and possible vertical transmission. Parasit. Vectors 4, 50. https://doi.org/
10.1186/1756-3305-4-50.

Singh, A., Singh, H., Singh, N.K., Singh, N.D., Rath, S.S., 2014. Canine Babesiosis in
northwestern India: molecular detection and assessment of risk factors. BioMed Res.
Int. 2014, 1–5. https://doi.org/10.1155/2014/741785.

Soares, J.F., 2014. História natural da rangeliose. PhD Thesis. Ciencias Veterinarias,
Faculdade de Medicina Veterinária e Zootecnia, Universidade de São Paulohttps://
doi.org/10.11606/T.10.2014.tde-19092014-092438.

Soares, J.F., Girotto, A., Brandão, P.E., Da Silva, A.S., França, R.T., Lopes, S.T.A., Labruna,
M.B., 2011. Detection and molecular characterization of a canine piroplasm from
Brazil. Vet. Parasitol. 180, 203–208. https://doi.org/10.1016/j.vetpar.2011.03.024.

Soares, J.F., Dall, B., Costa, F.B., Krawczak, F.S., Comerlato, A.T., Rossato, B.C.D., Linck,
C.M., Sigahi, E.K.O., Teixeira, R.H.F., Sonne, L., Hagiwara, M.K., Gregori, F., Isabel,
M., Vieira, B., Martins, J.R., Reck, J., Labruna, M.B., 2014. Natural infection of the
wild canid, Cerdocyon thous, with the piroplasmid Rangelia vitalii in Brazil. Vet.
Parasitol. 202, 156–163. https://doi.org/10.1016/j.vetpar.2014.02.058.

Soares, J.C., Carvalho, L., Maya, L., Dutra, F., Venzal, J.M., Labruna, M.B., 2015.
Veterinary parasitology molecular detection of Rangelia vitalii in domestic dogs from
Uruguay. Vet. Parasitol. 210, 98–101. https://doi.org/10.1016/j.vetpar.2015.03.
013.

Soares, J.F., Costa, F.B., Girotto-Soares, A., Da Silva, A.S., França, R.T., Taniwaki, S.A.,
Dall’Agnol, B., Reck, J., Hagiwara, M.K., Labruna, M.B., 2018. Evaluation of the
vector competence of six ixodid tick species for Rangelia vitalii (Apicomplexa,
Piroplasmorida), the agent of canine rangeliosis. Ticks Tick. Borne. Dis. 9,
1221–1234. https://doi.org/10.1016/j.ttbdis.2018.05.004.

Solano-gallego, L., Baneth, G., 2011. Babesiosis in dogs and cats - expanding para-
sitological and clinical spectra. Vet. Parasitol. 181, 48–60. https://doi.org/10.1016/j.
vetpar.2011.04.023.

Solano-Gallego, L., Trotta, M., Carli, E., Carcy, B., Caldin, M., Furlanello, T., 2008. Babesia
canis canis and Babesia canis vogeli clinicopathological findings and DNA detection by
means of PCR-RFLP in blood from Italian dogs suspected of tick-borne disease. Vet.
Parasitol. 157, 211–221. https://doi.org/10.1016/j.vetpar.2008.07.024.

Solano-Gallego, L., Sainz, Á., Roura, X., Estrada-Peña, A., Miró, G., 2016. A review of
canine babesiosis: the European perspective. Parasit. Vectors 9, 336. https://doi.org/
10.1186/s13071-016-1596-0.

Sousa, K.C.M., André, M.R., Herrera, H.M., Gisele, B.A., Jusi, M.M.G., Luciana, L.S.,
Barreto, W.T.G., Machado, Rz., de Oliveira, G.P., 2013. Molecular and serological
detection of tick-borne pathogens in dogs from an area endemic for Leishmania in-
fantum in Mato Grosso do Sul, Brazil. Braz. J. Vet. Parasitol. 22, 525–531. https://doi.
org/10.1590/S1984-29612013000400012.

Sousa, K.C.M., Fernandes, M.P., Herrera, M.H., Freschi, C.R., Machado, R.Z., André, M.R.,
2018. Diversity of piroplasmids among wild and domestic mammals and ectopar-
asites in Pantanal wetland, Brazil. Ticks Tick. Borne. Dis. 9, 245–253. https://doi.

E.L. Inácio et al. Ticks and Tick-borne Diseases 10 (2019) 321–327

326

https://doi.org/10.1590/S1984-29612011000400004
https://doi.org/10.1016/j.vetpar.2008.07.037
https://doi.org/10.1016/j.parint.2014.06.003
https://doi.org/10.1016/j.parint.2014.06.003
https://doi.org/10.1101/gr.8.3.175
https://doi.org/10.1101/gr.8.3.175
https://doi.org/10.1016/j.ttbdis.2014.04.005
https://doi.org/10.1016/j.ttbdis.2014.04.005
https://doi.org/10.1590/S1984-29612016041
https://doi.org/10.1590/S1984-29612016041
https://doi.org/10.1016/j.vetpar.2006.02.035
https://doi.org/10.1016/j.vetpar.2006.02.035
https://doi.org/10.1007/s00436-011-2659-y
https://doi.org/10.1007/s00436-011-2659-y
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0160
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0160
https://doi.org/10.1016/j.vetpar.2004.03.012
https://doi.org/10.1186/1756-3305-2-S1-S4
https://doi.org/10.1645/0022-3395(2003)089[0409:TSOCBI]2.0.CO;2
https://doi.org/10.1016/j.vetpar.2006.09.022
https://doi.org/10.1371/journal.pntd.0002108
https://doi.org/10.1371/journal.pntd.0002108
https://doi.org/10.1016/j.vetpar.2006.01.044
https://doi.org/10.1089/153036603765627451
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.4103/2229-5070.162490
https://doi.org/10.1590/S1984-29612012000200012
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0215
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0215
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0215
https://doi.org/10.1016/j.vetpar.2005.07.011
https://doi.org/10.1016/j.vetpar.2005.07.011
https://doi.org/10.1186/s13071-016-1920-8
https://doi.org/10.1016/j.vetpar.2004.03.019
https://doi.org/10.1016/j.vetpar.2008.06.025
https://doi.org/10.1186/s13071-015-0825-2
https://doi.org/10.1186/s13071-015-0825-2
https://doi.org/10.1590/S0103-84782008000300027
https://doi.org/10.1179/136485907X176319
https://doi.org/10.1179/136485907X176319
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0255
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0255
https://doi.org/10.1016/j.vetpar.2004.07.028
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0265
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0265
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0265
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0270
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0270
https://doi.org/10.1590/S0074-02762003000800003
https://doi.org/10.1590/S0074-02762003000800003
https://doi.org/10.1186/s12917-015-0525-3
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0285
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0285
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0285
https://doi.org/10.1017/S003118201600113X
https://doi.org/10.1017/S003118201600113X
https://doi.org/10.1590/S0074-02762002000600018
https://doi.org/10.1590/S0074-02762002000600018
https://doi.org/10.1016/j.vetpar.2013.10.027
https://doi.org/10.1016/j.vetpar.2009.05.009
https://doi.org/10.1016/j.vetpar.2009.05.009
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0310
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0310
https://doi.org/10.1073/pnas.74.12.5463
https://doi.org/10.1073/pnas.74.12.5463
https://doi.org/10.1186/1756-3305-4-50
https://doi.org/10.1186/1756-3305-4-50
https://doi.org/10.1155/2014/741785
https://doi.org/10.11606/T.10.2014.tde-19092014-092438
https://doi.org/10.11606/T.10.2014.tde-19092014-092438
https://doi.org/10.1016/j.vetpar.2011.03.024
https://doi.org/10.1016/j.vetpar.2014.02.058
https://doi.org/10.1016/j.vetpar.2015.03.013
https://doi.org/10.1016/j.vetpar.2015.03.013
https://doi.org/10.1016/j.ttbdis.2018.05.004
https://doi.org/10.1016/j.vetpar.2011.04.023
https://doi.org/10.1016/j.vetpar.2011.04.023
https://doi.org/10.1016/j.vetpar.2008.07.024
https://doi.org/10.1186/s13071-016-1596-0
https://doi.org/10.1186/s13071-016-1596-0
https://doi.org/10.1590/S1984-29612013000400012
https://doi.org/10.1590/S1984-29612013000400012
https://doi.org/10.1016/j.ttbdis.2017.09.010


org/10.1016/j.ttbdis.2017.09.010.
Suh, Guk-hyun., Ahn, Kyu-sung., Ahn, Jong-ho., Kim, Ha-jung., Leutenegger, C., Shin, S.,

2017. Serological and molecular prevalence of canine vector-borne diseases (CVBDs)
in Korea. Parasit. Vectors 1–8. https://doi.org/10.1186/s13071-017-2076-x.

Thrusfield, M., 2007. Veterinary Epidemiology, 3th edition. Blackwell Science Ltd, United
Kingdom.

Trapp, S.M., Dagnone, A.S., Vidotto, O., Freire, R.L., Amude, A.M., de Morais, H.S.A.,
2006. Seroepidemiology of canine babesiosis and ehrlichiosis in a hospital popula-
tion. Vet. Parasitol. 140, 223–230. https://doi.org/10.1016/j.vetpar.2006.03.030.

Uilenberg, G., 2006. Babesia - A historical overview. Vet. Parasitol. 138, 3–10. https://
doi.org/10.1016/j.vetpar.2006.01.035.

Vargas-Hernández, G., André, M.R., Faria, J.L.M., Munhoz, T.D., Hernandez-Rodriguez,
M., Machado, R.Z., Tinucci-Costa, M., 2012. Molecular and serological detection of
Ehrlichia canis and Babesia vogeli in dogs in Colombia. Vet. Parasitol. 186, 254–260.
https://doi.org/10.1016/j.vetpar.2011.11.011.

Wei, L., Kelly, P., Ackerson, K., Zhang, J., El-mahallawy, H.S., Kaltenboeck, B., Wang, C.,
2014. First report of Babesia gibsoni in Central America and survey for vector-borne

infections in dogs from Nicaragua. Parasit. Vectors 7, 1–6. https://doi.org/10.1186/
1756-3305-7-126.

Wise, L.N., Kappmeyer, L.S., Mealey, R.H., Knowles, D.P., 2013. Review of Equine
Piroplasmosis. J. Vet. Intern. Med. 27, 1334–1346. https://doi.org/10.1111/jvim.
12168.

Xu, D., Zhang, J., Shi, Z., Song, C., Zheng, X., Zhang, Y., Hao, Y., Dong, H., Wei, L., El-
mahallawy, H.S., Kelly, P., Xiong, W., Wang, H., Li, J., Zhang, X., Gu, J., Wang, C.,
2015. Molecular detection of vector-borne agents in dogs from ten provinces of
China. Parasit. Vectors 1–7. https://doi.org/10.1186/s13071-015-1120-y.

Zamoto, A., Tsuji, M., Wei, Qi., Cho, S., Shin, E.-hyun, Kim, Tong-soo, Leonova, G.N.,
Hagiwara, K., Asakawa, M., Kariwa, H., Takashima, I., Ishihsra, C., 2004.
Epizootiologic survey for Babesia microti among small wild mammals in northeastern
Eurasia and a geographic deversity in the β -tubulin gene sequences. J. Vet. Med. Sci.
66, 785–792. https://doi.org/10.1292/jvms.66.785.

Zoubi, M.A., Kwak, T., Patel, J., Kulkarni, M., Kallal, C.A., 2016. Atypical challenging and
first case report of babesiosis in Ecuador. ID Cases 4, 15–17. https://doi.org/10.
1016/j.idcr.2016.02.003.

E.L. Inácio et al. Ticks and Tick-borne Diseases 10 (2019) 321–327

327

https://doi.org/10.1016/j.ttbdis.2017.09.010
https://doi.org/10.1186/s13071-017-2076-x
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0385
http://refhub.elsevier.com/S1877-959X(18)30199-7/sbref0385
https://doi.org/10.1016/j.vetpar.2006.03.030
https://doi.org/10.1016/j.vetpar.2006.01.035
https://doi.org/10.1016/j.vetpar.2006.01.035
https://doi.org/10.1016/j.vetpar.2011.11.011
https://doi.org/10.1186/1756-3305-7-126
https://doi.org/10.1186/1756-3305-7-126
https://doi.org/10.1111/jvim.12168
https://doi.org/10.1111/jvim.12168
https://doi.org/10.1186/s13071-015-1120-y
https://doi.org/10.1292/jvms.66.785
https://doi.org/10.1016/j.idcr.2016.02.003
https://doi.org/10.1016/j.idcr.2016.02.003

	Prevalence and molecular characterization of piroplasmids in domestic dogs from Paraguay
	Introduction
	Material and methods
	Animals and Area of study
	DNA extraction/purification
	Endogenous conventional PCR
	Nested PCR (nPCR) for piroplasmids

	Results
	Discussion
	Conclusions
	Funding
	Declaration of interest
	Acknowledgements
	References




