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Abstract
Large piroplasms (>2.5 mm) were detected by direct microscopical investigation in 34 out of 16,767 (0.20%) canine blood

smears in the Southern region of Greater Buenos Aires. Genomic DNA was extracted from two parasitemic dogs and the

hypervariable 18S RNA gene region of the pathogen was specifically amplified, sequenced, and aligned with corresponding gene

sequences available in the GenBank. Phylogenetic trees were constructed and compared. 18S RNA gene sequences reliably

segregated in three clearly distinguishable clades representing Babesia canis, Babesia vogeli and Babesia rossi isolates,

respectively. The 18S RNA gene sequences of both Babesia isolates from Argentina affiliated to the B. vogeli branch. This

finding represents the first molecular evidence of the existence of B. vogeli in Argentina.

# 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Canine babesiosis is a hemoprotozoal tick-borne

disease characterized by fever, depression and anemia

(Bicalho et al., 2004; Furlanello et al., 2005; Passos

et al., 2005). Traditionally, Babesia sp. infection in dogs

is identified based on the pear-shaped morphology of

the intraerythrocytic stage of the parasite. Babesia sp.

parasites with a large intraerythrocytic stage (>2.5 mm,

‘‘large Babesia’’) have been designated Babesia canis,

whereas those with a small erythrocytic stage
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(<2.5 mm, ‘‘small Babesia’’) were named Babesia

gibsoni (Brandão et al., 2003; Furlanello et al., 2005;

Passos et al., 2005).

Although B. canis cannot be further subdivided by

classical microscopical means, other characteristics such

as vector specificity, geographical distribution, antigenic

differences, clinical signs, and pathogenicity provide

evidence for further subdivision into three subspecies (B.

canis canis, B. canis vogeli and B. canis rossi) (Uilenberg

et al., 1989). Based on comparative molecular studies of

rRNA genes, a three species nomenclature (B. canis, B.

vogeli, and B. rossi) has recently been recommended and

will be used in the following, as proposed by others

(Schetters et al., 1997; Zahler et al., 1998; Carret et al.,

1999; Depoix et al., 2002; Passos et al., 2005).

Typically, B. canis infection presents mild to severe

clinical signs, is transmitted by the tick Dermacentor
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reticulatus and is endemic throughout Europe and

Northern Asia. In contrast, B. rossi exhibits a more

restricted distribution confined to South Africa and

Eastern Sudan, is transmitted by Haemophysalis leachi

ticks, and the infection is often life-threatening or even

fatal (Shaw et al., 2001; Furlanello et al., 2005;

Oyamada et al., 2005; Garcia de Sá et al., 2006;

Uilenberg, 2006). B. vogeli displays the most wide-

spread distribution as it has been identified in South

Africa, Eastern Africa, United States, South America,

Japan and Australia and shows an overlapping

distribution with B. canis in Southern Europe; it is

transmitted by Rhipicephalus sanguineus ticks and the

course of infection is usually asymptomatic or

accompanied by mild clinical signs.

A novel large Babesia sp. was also reported in North

America (Birkenheuer et al., 2004). Furthermore, a

piroplasm that is pathogenic for dogs has been reported

in Brazil. It seems to be different from Babesia and

Theileria since it has an intraendothelial stage. Up to

now the taxonomic status of this apicomplexan

pathogen of dogs is not well known (Loretti and

Barros, 2005).

In addition, a proposed new B. canis subspecies that

infects felines has been named B. canis subspecies

presentii. This subspecies shows a high molecular

similarity of 18S RNA genes with B. canis but is

markedly smaller in size (Baneth et al., 2004).

Apart from B. gibsoni genotype Asia (B. gibsoni

sensu stricto), molecular studies carried out on small

Babesia (and Theileria) have recognized other geneti-

cally distinct organisms parasites that infect dogs: T.

annae (Zahler et al., 2000; Camacho-Garcı́a, 2006) that

is very similar to B. microti and T. equi (Criado-Fornelio

et al., 2003), both reported in Spain and B. conradae

described in California (Kjemptrup et al., 2006).

In South America, B. vogeli has been reported in

Venezuela and Brazil (Passos et al., 2005; Criado-

Fornelio et al., 2007). In Argentina it is still unknown

whether this large Babesia species is present. In the

study at hand we established the identity of the large

Babesia parasites in two naturally infected dogs from

Southern Greater Buenos Aires, Argentina, by sequen-

cing the variable 18S RNA gene region.

2. Materials and methods

A total of 16,767 EDTA anticoagulated blood

samples from owned household dogs from Southern

Greater Buenos Aires were submitted by veterinary

practitioners to DIAP Laboratory for diverse diagnostic

purposes from October 2003 to May 2007. Giemsa-
stained blood smears were examined by light micro-

scopy (by observing 100 microscopic fields at 1000�
magnification) for the presence of Babesia sp.

merozoites. Genomic DNA was extracted from 2-ml

aliquots of EDTA blood samples obtained from two

Babesia sp. infected dogs using the QIAamp DNA

blood mini kit (Qiagen, Hilden, Germany) according to

the manufacturer’s instructions. Subsequently, the

sequence of the variable region of the 18S RNA gene

was independently amplified from each sample by using

Babesia-specific PCR primers RLB-F (50-GAGG-

TAGTGACAAGAAATAACAATA-30) and RLB-R

(50-TCTTCGATCCCCTAACTTTC-30) to generate an

amplicon of about 415 bp-length using a PCR mix

composition as described by Gubbels et al. (1999) and a

touchdown temperature cycle reaction as reported by

Matjila et al. (2004, 2005). Amplicons were run on an

ethidium bromide-stained agarose gel and checked

under ultraviolet light for expected size. The DNA

sequence was analyzed by direct sequencing using

RLB-F and RLB-R primers on an automated sequencer

(Applied Biosystems). Analyzed sequences were

deposited in the GenBank under accession numbers

EU362993 and EU362994. Percent identity with a

selected reference sequence was assessed with MatGAT

(Matrix Global Alignment Tool; Campanella et al.,

2004). The obtained 18S RNA gene sequences were

aligned to 17 matching sequence regions currently

available in the GenBank database (accession numbers

are shown in Fig. 1) and the alignment visually

inspected and trimmed so that sequences coincided in

length (Tamura et al., 2007). Distance matrix based

(UPGMA, Neighbor Joining) and character state based

(maximum parsimony) algorithms were applied to infer

phylogenetic trees that were rooted by using B. microti

as an outgroup. The exemplified tree was constructed by

using the Neighbor Joining method (Saitou and Nei,

1987). The confidence probability (multiplied by 100)

that the interior branch length is greater than 50, as

estimated using the bootstrap test (1000 replicates) is

shown next to the branches (Dopazo, 1994; Rzhetsky

and Nei, 1992). To emphasize the reliable portions of

branching patterns the tree was condensed. Branches

supported by a bootstrap value lower than 50% were

reduced to 0 resulting in a multifurcated tree in which

branch lengths are not proportional to the number of

nucleotide substitutions. The evolutionary distances

were computed using the Jukes–Cantor method

(Tamura et al., 2004) and are in the units of the number

of base substitutions per site. All positions containing

gaps and missing data were eliminated from the dataset

(complete deletion option). There were a total of 368
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Fig. 1. Phylogenetic tree based on hypervariable 18S RNA gene sequences of large canine Babesia sp. Accession numbers EU362993 and

EU362994 designate sequences of isolates from Argentina. To root the tree, B. microti was used as an outgroup. The tree was condensed: branches

supported by a bootstrap value lower than 50% were reduced to 0 resulting in a multifurcated tree in which branch lengths are not proportional to the

number of nucleotide substitutions. A bootstrap test (1000 replicates) was done and values are given at the nodes. Accession numbers for B. canis, B.

vogeli, B. rossi isolates and the outgroup species B. microti are given in the figure.
positions in the final dataset. Alignments and phylo-

genetic analyses were conducted using the MEGA 4

software package (Tamura et al., 2007). The BioEdit

Sequence Alignment Editor was used to carry out the

restriction map analysis (Hall, 1999).

3. Results

Large piroplasms (>2.5 mm) were detected by

microscopical investigation in 34 out of 16,767 blood

smears (0.20%) of dogs living in the Southern region of

Greater Buenos Aires.

From two parasitemic dogs the variable region of

the parasite 18S RNA gene was amplified, sequenced,

and, after alignment with corresponding 18S RNA

sequences available from the GenBank, used to

determine the Babesia species by phylogenetic analysis.

All algorithms used, as outlined in Section 2, resulted in

essentially similar tree topologies and B. canis, B.

vogeli and B. rossi 18S RNA sequences segregated

recurrently into three distinct clades. The Neighbour

Joining tree shown in Fig. 1 demonstrates the

phylogenetic relationships between isolates. The per-

centage of trees in which associated taxa cluster
together after performing 1000 bootstrap replicates is

shown at branch nodes and support with high

confidence three different B. rossi, B. canis and B.

vogeli taxa. The 18S RNA gene sequences of both

Babesia isolates segregated into the B. vogeli branch

providing evidence that they are representatives of this

species. Both analyzed 18S RNA sequences of the

isolates were found to be 100% identical to each other

and exhibited an identity of 99.2% to the respective

sequence of a B. vogeli reference strain (AY371197)

(Uilenberg et al., 1989). The BioEdit Sequence

Alignment Editor of Hall (1999) was used to confirm

the presence of 2 TaqI and the absence of 1 HinfI

diagnostic restriction sites within the variable 18S RNA

gene region of B. vogeli that have been reported by

Carret et al. (1999).

4. Discussion

In the present study, the microscopic examination of

blood smears of an extensive panel of canine blood

samples from a Southern urban area of Greater Buenos

Aires, Argentina, revealed the presence of large Babesia

sp. piroplasms. The piroplasm 18S RNA gene sequence
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contained in two of these blood samples was analyzed

and a phylogenetic tree was constructed with corre-

sponding sequences available in the GenBank database.

In the inferred tree, the 18S RNA sequences under

analysis segregated into a common B. vogeli-clade

providing the first molecular evidence for the existence

of B. vogeli in Argentina.

According to the tree branch containing B. vogeli

isolates, the isolates from Argentina are most closely

related to isolates from Europe (France, Spain) and

North America (USA). Given the long emigration from

and close cultural relationship between Europe and the

Americas (especially Argentina and USA) possibly

including the migration of infected dogs between these

continents/countries this is not surprising.

B. vogeli isolates from Argentina seem to be

distantly related to B. vogeli isolates from other South

American countries (Brazil, Venezuela). However,

some of the tree branches discussed above are supported

by rather limited bootstrap values. Furthermore, as only

a very few isolates have been investigated and in the

framework of our study only two parasitemic dogs were

detected when molecular methods were available, the

above statements are preliminary and need to be

supported by a study of a larger number of samples.

Other aspects such as vectoring capacity should be

also considered. Genetic divergence was reported

between R. sanguineus from Brazil and Argentina

and strong relationship was detected between European

and Argentinean R. sanguineus populations. The

Brazilian population was found related to African ticks

(Szabo et al., 2005).

A diagnostic PCR-RFLP test has been developed

distinguishing between B. vogeli, B. canis, and B. rossi

species (Carret et al., 1999). In this method, B. vogeli is

identified by the presence of 2 TaqI and the absence of 1

HinfI restriction site within the variable 18S RNA gene

region. We ascertained in silico the presence of this

restriction pattern in both B. vogeli isolates from

Argentina underscoring the usefulness of this method in

future epidemiological studies in the region.

B. gibsoni (genotype Asia) has been described in

Brazil, (Dantas-Torres and Figueredo, 2006; Trapp

et al., 2006). So far, small piroplasms have not yet been

reported in dogs from Argentina and in the framework

of our study, there was no microscopical evidence for

their presence, but their existence cannot be excluded.

In this study, microscopical observation revealed the

presence of large Babesia parasites in only 0.20% of the

canine blood samples. However, preliminary serologi-

cal investigations of canine babesiosis in the study

region suggest a higher number of infected dogs (Eiras
et al., unpublished data). Further studies on canine

babesiosis are needed to allow a refined assessment of

the current situation in Argentina.
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