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Abstract

Currently, five Bartonella species and an expanding number of Candidatus
Bartonella species have globally been reported in ruminants. Likewise, different
Bartonella genotypes were identified. However, studies relating to ruminant-as-
sociated Bartonella in Brazil are scarce. The current study aimed to assess the
prevalence and genetic diversity of Bartonella in cattle, buffaloes and associated
ectoparasites in Brazil. For this purpose, EDTA-blood samples from 75 cattle
and 101 buffaloes were sampled. Additionally, 128 Rhipicephalus microplus and
one Amblyomma sculptum ticks collected from cattle, and 197 R. microplus, one
A. sculptum and 170 lice (Haematopinus tuberculatus) collected from buffaloes
were included. Bartonella DNA was initially screened through an HRM real-time
PCR assay targeting the 165-23S internal transcribed spacer (ITS), and the posi-
tive samples were submitted to an additional HRM assay targeting the ssrA gene.
The HRM-positive amplicons were sequenced, and the nucleotide identity was
assessed by BLASTn. Bartonella spp.-positive DNA samples were analysed by
conventional PCR assays targeting the gltA and rpoB genes, and then, the sam-
ples were cloned. Finally, the phylogenetic positioning and the genetic diversity
of clones were assessed. Overall, 21 of 75 (28%) cattle blood samples and 13 of
126 (10.3%) associated ticks were positive for Bartonella bovis. Out of 101 buf-
faloes, 95 lice and 188 tick DNA samples, one (1%) buffalo and four (4.2%) lice
were positive for Bartonella spp. Conversely, none of the ticks obtained from
buffaloes were positive for Bartonella. The Bartonella sequences from buffaloes
showed identity ranging from 100% (ITS and gltA) to 94% (ssrA) with B. bovis. In
contrast, the Bartonella DNA sequences from lice were identical (100%) to un-
cultured Bartonella sp. detected in cattle tail louse (Haematopinus quadripertusus)
from Israel in all amplified genes. The present study demonstrates the prevalence
of new B. bovis genotypes and a cattle lice-associated Bartonella species in large

ruminants and their ectoparasites from Brazil. These findings shed light on the
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1 | INTRODUCTION

The Bartonella genus comprises a large group of bacteria that infect
mainly erythrocytes and endothelial cells from a wide range of an-
imals including humans. Bartonella species are Gram-negative and
facultative intracellular vector-borne pathogens closely related to
Brucella, Agrobacterium, Ochrobactrium and Rhizobium within the
alfa-2-proteobacteria subdivision (Birtles, 2005; Birtles & Raoult,
1996; Kosoy, Hayman, & Chan, 2012).

Currently, five Bartonella species named Bartonella bovis,
Bartonella chomelii, Bartonella schoenbuchensis, Bartonella capreoli
and Bartonella melophagi have been associated with ruminants. In
addition, an expanding number of Candidatus to Bartonella species
and different genotypes have been globally reported in ruminants
(Dahmani et al., 2017; Goncalves et al., 2018; Raya et al., 2018;
Razanske et al., 2018). Interestingly, these species and recently de-
tected genotypes are phylogenetically related and exclusively asso-
ciated with these animals (Kosoy et al., 2016).

Ruminants have played a crucial role in agricultural systems
throughout the world. The first ruminants evolved about 50 million
yearsago and were small (<5 kg) forest-dwelling omnivores. Nowadays,
there are about two thousand living ruminant species, classified into
six families (Antilocapridae, Bovidae, Cervidae, Giraffidae, Moschidae
and Tragulidae), the majority of which are Bovidae and Cervidae
(Hackmann & Spain, 2010). These animals are ecologically, agricultur-
ally and economically important to humans as they are widely used for
distinct purposes, such as ecological indicators, meat and dairy prod-
ucts and draught power (Bai et al., 2013; Hanley, 1996).

Although Bartonella infections have been reported in cat-
tle worldwide (Antequera-Gémez et al,, 2015; Bai et al., 2013;
Bermond et al., 2002; Gutiérrez et al., 2014; Roilan, Rousset, Scola,
Duquesnel, & Raoult, 2003; Tsai et al., 2011), only two studies re-
ported Bartonella in buffaloes so far (Bai et al., 2013; Gongalves
et al., 2018). While the first study isolated B. bovis in Asian buffa-
loes (Bubalus bubalis) from Thailand, the second amplified Bartonella
DNA in wild African buffaloes (Syncerus caffer) from Mozambique.
Interestingly, the prevalence of Bartonella in cattle is generally high,
albeit it varies widely across different studies, ranging from apparent
uninfected animals to up to 80% (Bai et al., 2013; Cherry, Maggi,
Cannedy, & Breitschwerdt, 2009). As opposed to cattle, the buffa-
loes have shown a low prevalence of <7% (Bai et al., 2013).

Moreover, Bartonella DNA has been amplified in cattle-asso-

ciated haematophagous arthropods, including Haematobia and

distribution and genetic diversity of ruminant- and ectoparasite-related Bartonella

bartonellosis, buffaloes, cattle, genetic diversity, Haematopinus tuberculatus, Rhipicephalus

Stomoxys spp. from California (Chung et al., 2004), Hippobosca
equi from Europe (Halos et al., 2004), Rhipicephalus microplus from
Taiwan (Tsai et al., 2011), Haematopinus quadripertusus from Israel
(Gutiérrez et al., 2014) and Haemaphysalis bispinosa from Malaysia
(Kho, Koh, Jaafar, Hassan Nizam, & Tay, 2015). However, the role of
these arthropods in the transmission cycles of Bartonella is unknown
and competence studies should be performed in order to elucidate
their biological role. Additionally, the role of vampire bats in the
transmission of ruminant-associated Bartonella has been discussed
(André et al., 2019; Becker et al., 2018; Raya et al., 2018).

Although B. bovis has been associated with bovine endocarditis
(Erol et al., 2013; Mailard et al., 2007), reports on biological aspects
regarding pathogenicity, transmission and genetic diversity relating
to ruminant-associated Bartonella are scarce. Likewise, to the best
of our knowledge, no study has been performed in Brazil aiming to
verify the prevalence of Bartonella in bovids to date. Thus, in the
current study, the prevalence and genetic diversity of Bartonella
in cattle and buffaloes as well as associated ectoparasites was

investigated.

2 | MATERIALS AND METHODS
2.1 | Ruminant and ectoparasite sampling

All procedures were carried out according to the ethical guidelines
for the use of animal samples permitted by the Institutional Animal
Care and Use Committee (IACUC) of Universidade Estadual Paulista
(FCAV/UNESP), Jaboticabal, Sdo Paulo (Protocol number: 01952/18).

Between August 2017 and March 2018, blood samples were
collected, by convenience, from 75 cattle (64 Nelore cattle breed
[Bos taurus indicus] and 11 mixed cattle breed) from Campo Grande
city (-20°42'30"S, -54°61'60"W), Mato Grosso do Sul state, cen-
tral-western Brazil (Figure 1). Additionally, in October 2017, 101 water
buffaloes (Bubalus bubalis) were sampled from Passos municipality
(-20°71'60"S, -46°60'36"W), Minas Gerais state, southeast Brazil
(Figure 1). Approximately 2-5 ml of whole blood was collected from
the jugular vein into ethylenediaminetetraacetic acid (EDTA)-buffered
vacutainer tubes. The blood samples were kept on ice (maximum time
of 1 hr) until arriving at the laboratory and subsequently stored at
-20°C until DNA extraction. During the blood sample collection, ecto-
parasites were sampled from the animals and kept in absolute ethanol

(Merck®) until the morphological identification and DNA extraction.
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FIGURE 1 Sampling sites, number and distribution of cattle, buffaloes, ticks and lice sampled in the Brazilian Cerrado

2.2 | Morphological identification of the
ectoparasites

Using a stereoscope and morphological keys, the collected ticks
were identified, as described elsewhere (Onofrio, Venzal, Pinter, &
Szabd, 2005). Likewise, the sampled lice were identified according
to Meleney and Kim (1974). Out of 129 ectoparasites collected from
cattle, 128 were identified as Rhipicephalus microplus tick species
(113 adults [13 males and 100 females], 14 nymphs and one larva),
and only one female specimen was classified as Ambyomma sculp-
tum. The buffalo ectoparasites were identified as 197 R. microplus
(148 adults [37 males and 111 females], 48 nymphs and one larva)
and one female belonging to A. sculptum species. Also, 170 lice (163
adults [66 males and 97 females] and seven nymphs) were identified
as Haematopinus tuberculatus (Figure 1).

2.3 | DNA extraction and endogenous control PCR

DNA was extracted from blood samples of each animal (300 ul) ac-
cording to a protocol previously published (Kurumae-Izioka, 1997).
Additionally, DNA from adult ticks was extracted individually. DNA
from tick larvae and nymphs was extracted in pools consisting of
1-3 individuals collected from the same host. Likewise, DNA from

lice was extracted individually or by pooling up to three individuals

from the same host. The ectoparasites' DNA was extracted using
the DNeasy Blood and Tissue Kit (Qiagen®), according to the manu-
facturer's instructions. To confirm the presence of amplifiable DNA,
a PCR assay targeting the mammals gapdh gene was performed
(Birkenheuer, Levy, & Breitschwerdt, 2003). In addition, all ticks and
lice DNA samples were submitted to an internal control targeting
the 16S rRNA and cox-1, respectively, as previously described (Black
& Piesman, 1994; Folmer, Black, Hoeh, Lutz, & Vrijenhoek, 1994).
Endogenous gene-PCR-positive samples were subsequently submit-
ted to Bartonella screening HRM (high resolution melting) real-time
PCR assays targeting the ITS locus and ssrA gene.

2.4 | Molecular detection of Bartonella DNA from
ruminants and associated ectoparasites

Firstly, DNA samples were screened for Bartonella DNA using
an HRM real-time PCR assay targeting a fragment of approxi-
mately 200 bp of the 165-23S internal transcribed spacer (ITS)
locus, as previously described (Gutiérrez et al., 2013; Maggi &
Breitschwerdt, 2005). Also, an additional real-time PCR assay
targeting the transfer mRNA (ssrA) gene (approx. 300 bp) was
performed on all ITS-HRM-positive samples (Gutiérrez et al.,
2013). Briefly, the amplification reaction was performed using

the StepOnePlus (Applied Biosystems) real-time system. The
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amplification protocol used was as follows: 3 min at 95°C, followed
by 40 cycles of 30 s at 95°C, 20 s at 65°C (60°C for ssrA; data col-
lection on HRM reporter) and 5 s at 72°C. The HRM stage was
performed at the end of the cycling as follows: 15 s at 95°C, fol-
lowed by a temperature increase from 70 to 95°C (data collection
set in 0.3%, HRM reporter). PCR was carried out in 20 pl reaction
volumes containing 0.5 pl of 10 mM of each primer, 0.6 pl of 50 pM
solution of Syto9 (Invitrogen®), 10 ul of DreamTaq Hot Start PCR
Master Mix (Thermo Fisher Scientific®), 6.4 plultrapure PCR water
(Thermo Fisher Scientific®) and 2 ul of DNA. DNA of ‘Candidatus
Bartonella krasnovii' (Gutiérrez et al., 2018) and ultrapure water
were used as positive and non-template controls, respectively, in
all real-time PCR assays.

2.5 | Molecular characterization of Bartonella in
ruminants and associated ectoparasites

The positive samples in the above described HRM assays were
subjected to additional PCR assays targeting the gltA (750 bp)
and rpoB (825 bp) genes as previously described (Birtles &
Raoult, 1996; Renesto, Gouvernet, Drancourt, Roux, & Raoult,
2001). Subsequently, the positive amplicons were submitted to
pGEM-T Easy vector cloning (Promega®), following the manu-
facturer's recommendations. Up to three clones from each posi-
tive sample were selected for sequencing, according to the
blue/white colony system. Firstly, the clones were subjected to
plasmid DNA extraction using the Illustra® PlasmidPrep Mini
Spin Kit (GE Healthcare). Secondly, plasmid DNA extracted
from the clones was subjected to a PCR assay using the primers
M13 F (5-CGCCAGGGTTTTCCCAGTCACGAC-3’) and M13 R
(5'-GTCATAGCTGTTTCCTGTGTGA-3'; Lau et al., 2010) that flank
the multiple cloning site of the pGEM-T Easy plasmid and therefore
including the inserts of the gltA and rpoB genes. Thereafter, the
amplicons obtained were purified using the EXOSAP-IT® (Applied
Biosystems). Purified amplified DNA fragments were submitted
to sequence confirmation in an automatic sequencer (ABI Prism
310 Genetic Analyser—Applied Biosystems/Perkin Elmer; Sanger,
Nicklen, & Coulson, 1977). Finally, consensus sequences were
obtained through the analysis of electropherograms using the
Phred-Phrap program with a Phred quality score (peaks around
each base call) established at 220 (99% in the accuracy of the base
call; Ewing, Hillier, Wendl, & Green, 1998).

2.6 | Bartonella identification and
phylogenetic analyses

The Bartonella species were identified by BLASTn analysis using
the MegaBLAST (following default parameters), aligned with se-
quences available in GenBank using Clustal/W (Thompson, Higgins,
& Gibson, 1994) and adjusted in BioEdit v. 7.0.5.3. (Hall, 1999). The

phylogenetic analysis was performed using maximum-likelihood (ML)

method, inferred with RAXML-HPC BlackBox (7.6.3.) (Stamatakis,
Hoover, & Rougemont, 2008) and performed in CIPRES Science
Gateway (Miller, Pfeiffer, & Schwartz, 2010). The Akaike informa-
tion criterion (AIC) available on MEGA v.5 software (Tamura et al.,
2011) was applied to identify the most appropriate model of nucleo-
tide substitution. GTR+G+| model was chosen as the most appropri-
ate for the phylogenetic analyses of the gltA and rpoB alignments.

2.7 | Genetic diversity of detected
Bartonella sequences

The gltA and rpoB aligned sequences amplified in the present study
were applied to identify the genotypes to calculate the nucleotide di-
versity (z), the polymorphic level (genotype diversity [Gd]), the number
of variable sites (VS) and the average number of nucleotide differences
(K), using the DnaSP v5.10 (Librado & Rozas, 2009). Additionally, the
different genotypes identified in the present study and other rumi-
nant-associated Bartonella sequences (B. bovis and Bartonella sp. iden-
tified in cattle lice) obtained from GenBank were submitted to TCS
network (Huson & Bryant, 2006; Templeton, Crandall, & Sing, 1992)
inferred using the Population Analysis with Reticulate Trees (popART
v.1.7; Leigh & Bryant, 2015). Only sequences of about 700 and 800 bp
for gltA and rpoB, respectively, were used in the TCS network.

3 | RESULTS

All ruminants and arthropod DNA samples analysed were positive to
internal controls targeting the gapdh, 16S rRNA and/or cox-1 genes,
respectively.

Twenty-one (28%) and 13 (10.3%) cattle blood and R. micro-
plus-DNA samples, respectively, were positive to B. bovis targeting
the ITS locus (99%-100% of identity; Table 1). In addition, 57.1%
(12/21) and 69.2% (9/13) cattle and R. microplus-ITS-positive DNA
samples, respectively, were positive in the ssrA assay, sharing 99%-
100% of identity to B. bovis. Bartonella DNA was only detected in
engorged R. microplus female ticks collected from positive cattle.
None of the tick DNA samples obtained from Bartonella-negative
cattle were positive in HRM assays. None of the larva (n = 1), nymphs
(n = 11/pools) or male (n = 13) tick DNA samples were positive for
Bartonella. Additionally, out of 101 buffaloes, 95 lice and 188 tick
DNA samples, only one (1%) buffalo and four (4.2%) adult lice were
positive for Bartonella targeting the ITS locus. Conversely, none of
the ticks obtained from buffaloes were positive for Bartonella DNA.
The Bartonella sequences identified in the only positive buffalo
blood sample showed identities of 100% (ITS) and 94% (ssrA) with
B. bovis. All Bartonella DNA sequences detected in lice were identi-
cal (100%) to an uncultured Bartonella sp. detected in cattle tail lice
(H. quadripertusus) from Israel (Gutiérrez et al., 2014; Table 1).

The gltA (n = 14 [10 from cattle, two from ticks and two from
buffaloes]) and rpoB (n = 15 [all from cattle]) sequences showed
identity ranging from 97.86% to 100% to B. bovis identified in
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TABLE 1 Number and animal species positive to Bartonella targeting the ITS locus and ssrA, gltA and rpoB genes

% positive

Animals N samples BLAST

B. bubalis 101 1% (1/101) (ITS)100%—B. bovis
(ssrA) 94%—B. bovis

(gltA) 100%—B. bovis

B.taurus 75 < 28%(21/75) (ITS) 99%-100%—B. bovis

(ssrA) 99%-100%—B. bovis

(gltA) 99%-100%—B. bovis

(rpoB) 99%-100%—B. bovis A. sculptum
Total 176  12.5% (22/176)

cattle from different countries (KF199895—France; KF199897—
Guatemala; KJ909808—Israel and KR733192—Malaysia). All ampli-
fied sequences showed query coverage of 100%. The gltA and rpoB
sequences were deposited in GenBank under accession numbers:
rpoB: MN615904-MN615918; gltA: MN615919-MN615937.

In agreement with BLASTn analysis, the Bartonella sequences
detected from cattle, buffaloes, ticks and lice in the present study
clustered with other ruminant-associated Bartonella species in both
target genes (Figure 2).

Herein, three clones were obtained from five (four cattle and one
louse) out of 13 positive samples for Bartonella spp. targeting the
gltA and rpoB genes. Among them, while two samples (one cattle
and one louse) showed three clones identical to each other, the other
three samples (all from cattle) showed, at least, one and up to three
different sequences.

The amplified sequences (gltA) and other related Bartonella
species retrieved from GenBank (n = 12) were distributed into 14
genotypes in the TCS network analysis (Figure 3). Three B. bovis gen-
otypes identified in cattle in this study (Gen_3, Gen_5 and Gen_é)
were distinct from any other genotypes analysed to date. Besides,
the other three B. bovis genotypes (Gen_2, Gen_4 and Gen_7) were
previously identified in different countries. The Gen_2 included six
sequences, four detected in buffalo and R. microplus ticks from the
present study and the other two sequences identified in cattle from
France (KF199895 and NZ_CMO001844). Interestingly, two sequences
identified in a tick (#tick27) were different from that reported in their
associated host (#cattle27—Gen_7). Seven sequences were classified
as Gen_4, including six from cattle from the present study and one
amplified from cattle from Guatemala (KF199897). Also, the Gen_7
comprised two sequences reported in cattle, one from the current
study and another one (KF199896) from Guatemala (Figure 3). Finally,
the Gen_1 comprises six sequences, five of them were identified in
H. tuberculatus in the present study and another one was previously
reported in H. quadripertusus (KJ522487) from Israel (Figure 3).

Likewise, the amplified B. bovis (rpoB) sequences and those re-
trieved from GenBank (n = 19) were grouped into 16 genotypes
(Figure 4). Five B. bovis genotypes detected in cattle from Brazil

(Gen_2, Gen_3, Gen_5, Gen_6 and Gen_7) were distinct from any

Ectoparasite species N

Haematopinus 95
tuberculatus

R. microplus 125

% positive

samples BLAST

Rhipicephalus microplus 187 0% -

Amblyomma sculptum 1 0% -

4.2% (4/95) (ITS, ssrA and gltA)

100%—Bartonella sp. (clone Hq)
10.4% (13/125) (ITS) 99%-100%—B. bovis
(ssrA) 99%-100%—B. bovis
(gItA)100%—B. bovis
1 0% =
401  4.2%(17/401)

other genotypes analysed (Figure 4). In addition, the other three
genotypes (Gen_1, Gen_4 and Gen_8) were previously reported
in cattle in different countries. Ten sequences were classified as
Gen_1, including five B. bovis sequences identified in the current
study, three (KJ909807-KJ909809) from Israel, one (KF218222)
from Guatemala and another one (AY166581) from France. In addi-
tion, the Gen_4 comprised two sequences, one sequence from cat-
tle sampled in the current study and another one (KF218221) from
Guatemala. Finally, eight sequences were classified as Gen_8, com-
prising three from the present study, two (EF432061 and EF432062)
from France, two (KU859890 and KU859891) from Senegal and an-
other one (KR733192) from Malaysia (Figure 4).

The gltA and rpoB B. bovis sequences showed nucleotide diver-
sity (z) of 0.003 and 0.002, respectively. The Bartonella sequences
obtained from positive lice were identical to each other. The poly-
morphic level, number of variable sites and the average number of
nucleotide differences for B. bovis sequences are shown in Table 2.

4 | DISCUSSION

In this study, we reported the prevalence and genetic diversity of
Bartonella DNA sequences detected in large ruminants and associ-
ated arthropods sampled in Brazil. Although ruminant-associated
Bartonella have been reported worldwide, to the best of our knowl-
edge, this is the first report of ruminant-associated Bartonella in Brazil.

Bartonella bovis has been the most common species identified in
cattle worldwide (Bai et al., 2013; Chang et al., 2000; Gutiérrez et al.,
2014; Kho et al., 2015), except for Spain and New Caledonia, where
B. chomelii was the most frequent (Antequera-Gomez et al., 2015)
or the only species found (Mediannikov, Davoust, Cabre, Rolain, &
Raoult, 2011). Accordingly, in the present study, only B. bovis DNA
was detected in cattle and associated ticks, and in the only positive
buffalo. Herein, we found a relatively high prevalence of Bartonella
DNA in cattle (28%) and a low prevalence in buffaloes (1%).
Interestingly, Bartonella prevalence varied widely between differ-
ent countries and between distinct regions in the same country (Bai

et al., 2013). Since Bartonella species are mainly vector-transmitted,
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FIGURE 2 Phylogenetic relationships within the Bartonella genus based on the gltA (a) and rpoB (b) genes. The tree was inferred by using
the maximum-likelihood (ML) method with the GTR+G+l model. The sequences detected in the present study are highlighted in red. The
numbers at the nodes correspond to bootstrap values higher than 60% accessed with 1,000 replicates. Brucella melitensis was used as out-

group
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coupled with the lack of evidence for transplacental transmission of
B. bovis (Chastant-Maillard et al., 2015), it has been speculated that
the prevalence and abundance of specific arthropods play a crucial
role in the Bartonella prevalence in these mammals (Bai et al., 2013).
Although R. microplus has been suggested as a potential vector of
Bartonella between cattle (Tsai et al., 2011), we did not find confirm-
ing evidence for this hypothesis in our study. Our results showed
that the B. bovis DNA was present only in engorged R. microplus fe-
male ticks sampled from positive cattle, whereas all nymphs, larvae
and male tick samples were negative. These results, coupled with
the fact that R. microplus is a one-host tick, suggest that R. microplus

probably do not play an important role in the transmission of B. bovis
among cattle in Brazil. However, it is necessary to highlight that we
reported the presence of different genotypes in a tick (Gen_2) and
its respective host (Gen_7). A possible explanation for the latter find-
ing could be attributed to the prevalence of both genotypes in cattle,
which were not identified by our screening methods. Therefore, fur-
ther studies are needed in order to elucidate the role of R. microplus
as well as other blood-sucking arthropods (e.g. Stomoxys calcitrans
and Haematobia irritans) in the B. bovis life cycle.

The Bartonella genotype found in buffalo lice was identical to

those previously reported in Haematopinus lice from Israel (Gutiérrez
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TABLE 2 Polymorphism and genetic diversity of Bartonella sequences detected in ruminants and associated ectoparasites from Brazil

Species-gene pb N VS GC%

B. bovis-gltA 750 14 6 38.8

B. bovis-rpoB 825 15 9 411

Bartonella from 750 5 0 39.3
lice-gltA

h Gd (mean * SD) 7z (mean % SD) K

7 0.769 +0.089 0.003 +£0.002 2.96
8 0.867 +0.067 0.002 + 0.000 2.13
1 0 0 0

Note: z, nucleotide diversity (per site = PI); GC, G+C content; Gd, genotype diversity; h, number of haplotypes; K, average number of nucleotide
difference; N, number of sequences analysed; SD, standard deviation; VS, number of variable sites.

et al., 2014). Furthermore, a closely related genotype was also re-
cently identified in cattle tail lice from Thailand (Promrangsee et al.,
2019). As opposed to the study performed in Thailand that sampled
only lice, Gutiérrez et al. (2014) screened both cattle and lice sam-
ples and reported that Bartonella identified in either cattle blood and
lice were different. Similarly, in this study, the genotype identified
in lice was not detected in buffalo blood samples. Remarkably, this
Bartonella variant shows low genetic diversity, and the sequences
reported in Haematopinus lice from far-distant geographical sites are
virtually identical. Previously, B. melophagi has been suggested as
a potential endosymbiont of sheep keds (Melophagus ovinus; Halos
et al.,, 2004), and a similar evolutionary process between cattle tail
louse and its detected Bartonella variant was suggested (Gutiérrez
et al., 2014); thus, we may face an equivalent event. As the rela-
tionship between this louse-associated Bartonella genotype and
Haematopinus spp. is unknown, further studies elucidating this ques-
tion are required.

While a previous study conducted in Mexico suggested a lim-
ited potential for transmission of Bartonella spp. by bites of vam-
pire bats to their prey (Raya et al., 2018), recent studies conducted
in Belize, Peru (Becker et al., 2018) and Brazil (André et al., 2019)
highlighted the chance of Bartonella transmission by vampire bat'
bites.

Even though we did not perform isolation of Bartonella, the
cloning approach allowed a better resolution of the genetic diver-
sity of the bacteria circulating in the sampled animals. Interestingly,

while in two animals only one genotype was identified, up to three

different genotypes were found in three animals. In an extensive
study that sampled cattle from five countries and based on nine
loci, Bai et al. (2013) demonstrated three closely related but dis-
tinct lineages of B. bovis, suggesting a clonal population structure
for this species with a geographical particularity. Additionally, the
authors hypothesized that two Bartonella lineages (i.e. | and II)
could be associated with the ‘taurine’ (Bos taurus taurus) and ‘zebu’
(Bos taurus indicus) cattle lineages, respectively. Finally, a third lin-
eage (i.e. Ill) was correlated with the water buffalo. In contrast,
some sequences identified in zebu cattle in the present study
shared the same genotype with sequences previously detected
in taurine cattle from France, Israel and Senegal. Since livestock
trade play a central role in the cattle movements associated with
the co-grazing of animals originating from different places and
breeds, the association of B. bovis lineages to cattle breeds should
be analysed with caution. However, future studies are required to
endorse these findings. Moreover, the B. bovis genotype identified
in this study in a buffalo was not phylogenetically positioned near
the B. bovis lineage (i.e. Ill) formerly reported in water buffaloes
from Thailand (Bai et al., 2013). Instead, the buffalo sequences
clustered together with other B. bovis sequences identified in cat-
tle and cattle ticks. A potential explanation for the latter finding
may suggest an exchange of ruminant-associated Bartonella spe-
cies between cattle and buffaloes in this geographic area, since the
farm where the buffaloes were sampled had a close contact with
cattle from the neighbouring farms. As no experimental study has

been performed aiming to identify whether the different B. bovis
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lineages have any specificity to different ruminants, further stud-
ies are required to confirm the hypothesis previously raised.

The genetic diversity is driven by distinct process, including but
not restricted to mutation, recombination and demography. The
genetic analysis performed in the current study suggests that the
B. bovis genetic diversity is lower than those reported among ro-
dent-associated Bartonella upon comparison with gltA sequences ob-
tained inrodents from France (z = 0.077; Buffet et al., 2013) and Brazil
(7 = 0.024; Gongalves et al., 2016) as previously described (Bai et al.,
2013). Despite the authors have been reported different B. bovis se-
quence types (STs) in ruminants from three countries, all STs were, in
fact, very close to each other (Bai et al., 2013). Even though B. bovis
is known to be widely distributed in cattle worldwide, few studies
have assessed the genetic diversity of this Bartonella species and the
association of these different genotypes to pathogenicity.

In conclusion, this study demonstrated the prevalence of
Bartonella in cattle, buffaloes and associated ectoparasites in Brazil,
and that B. bovis was the most prevalent species reported to be cir-
culating in the animals sampled. In addition, we reported distinct
B. bovis genotypes in cattle. The genotypes identified in zebu cattle
were identical to those previously reported in taurine cattle. Finally,
our findings demonstrated the prevalence of a lice-related Bartonella
in Brazil closely related to those reported in lice from Israel and
Thailand. These findings shed light on the distribution and genetic
diversity of ruminant- and ectoparasite-related Bartonella in Brazil.
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