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A B S T R A C T

Molecular methods were used to detect and identify Bartonella species in the cat fleas Ctenocephalides felis felis
from Puerto Iguazú, a border area in northeastern Argentina. The fleas were collected from 12 household ani-
mals, 9 dogs (Canis lupus familiaris) and 3 cats (Felis silvestris catus) during July 2016. Out of 15C. f. felis analyzed
for PCR, only one flea collected from a cat was positive (6.66%) in screened for Bartonella spp. based on the gltA
gene. Bartonella clarridgeiae was identified in the genetic analyses, this specimen clustered monophyletically with
others B. clarridgeiae isolated from different geographical origins (1.0 PP), even, all shared the same haplotype.
The results obtained provide evidence of the presence of B. clarridgeiae in cat fleas from Argentina suggesting the
probable presence of related flea-borne diseases in the region and the role of cat fleas in the transmission of
Bartonella among mammals including humans.

1. Introduction

Bartonella species are facultative intracellular Gram-negative bac-
teria that infect erythrocytes and endothelial cells of mammals. These
bacteria present a complex cycle that includes the participation of
mammals as hosts and arthropods as vectors with about 45 species and
numerous genotypes described, of which about 13 species have been
potentially associated with human diseases (Moreno Salas et al., 2019).
Bartonella species produce emerging diseases in humans and animals
known as bartonellosis, which are generally self-limited and char-
acterized by high fever, headaches, rashes, muscle pain, regional lym-
phadenopathy, endocarditis and neurological manifestations among
other symptoms (Chomel et al., 2004). Studies on Bartonella from Ar-
gentina are scarce, and most of the reports are from mammals (Cicuttin
et al., 2014), with a few studies involving fleas (Oscherov et al., 2011;
Cicuttin et al., 2019; Millán et al., 2019).

Considering the implication of the species of Bartonella and the cat
flea Ctenocephalides felis felis (Bouché, 1835) (Pulicidae) in public
health, the aim of the present study is to analyze the presence of these
bacteria in fleas parasitic of household dogs and cats in the city of

Puerto Iguazú, a triple border area at northeastern Argentina. The re-
sults obtained might contribute to the knowledge about the possible
role that fleas have in the epidemiology of bacterial microorganisms
with zoonotic importance.

2. Materials and methods

Samplings were carried out during July 2016 at the triple border
Argentinean city of Puerto Iguazú (NE Argentina-Brazil-Paraguay). The
fleas were collected from 9 dogs (Canis lupus familiaris) and 3 cats (Felis
silvestris catus), according to the general guide of the OIE (World
Organization for Animal Health). The household animals were ran-
domly selected but taking into account that they were not recently
brought from neighboring countries and that they did not co-inhabit
with other animals of those countries, to avoid, in case of being positive
for Bartonella, that the bacteria came from other regions outside from
Argentina. The animals were immobilized on mattresses in the com-
pany of the owner, and in the case of dogs a protective muzzle was
used. Each animal was examined manually, covering the entire body for
6 min in accordance with the general guidelines of the OIE. Fleas
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collected from each host were deposited in an individual plastic tube
with 96% alcohol, and stored in freezer at −20 °C for further analyses.
Fleas were identified under the binocular stereoscopic microscope
based on morphological characteristics of diagnostic value present in
the keys and descriptions presented by Johnson (1957).

Fifteen fleas chosen at random (at least one of a different cat or dog
examined) and identified as C. f. felis were analyzed for the presence of
Bartonella. The DNA was extracted from each individual crushed flea
using the High Pure PCR Template Preparation Kit (Roche Applied
Science, Mannheim, Germany). A fragment of the citrate synthase gene
(gltA) of Bartonella spp. of approximately 500 bp was amplified (Gil
et al., 2010). Bartonella henselae was used as a positive control and
nuclease-free water was used as a negative control. The PCR products
were purified using the Zymoclean™ Gel DNA Recovery Kit (Zymo
Research, Irvine, CA, U.S.A.) and sequenced with a 3500 Genetic
Analyzer sequencer (Applied Biosystems, Foster City, CA, U.S.A.) in the
Neurovirus Service of the National Institute of Infectious Diseases
(ANLIS Dr. Carlos G. Malbrán, Buenos Aires, Argentina).

The citrate synthase (gltA) sequence obtained was manually edited
using MEGA v.7 (Kumar et al., 2016). This sequence was compared to
other sequences from the GenBank database using the Basic Local
Alignment Search Tool (https://blast.ncbi.nlm.nih.gov/Blast.cgi). The
sequence of B. clarridgeiae (accession number: KX001761, KY913634,
KY913635, KY913636, FN645454) in addition other sequences of
Bartonella spp. available in GenBank with accession numbers: B. ro-
chalimae (JF429602; JF429590), B. henselae (KY913627; KY913624;
KY913626; MF364384; MH019305; HQ012580), B. tribocorum
(MG027995; MG027996), B. koehlerae (AF176091; KY913638), B.
quintana (DQ383817; Z70014), B. vinsonii subsp. vinsonii (Z70015), B.
vinsonii subsp. berkonoffii (AF143445) and Bartonella sp. (MH710576;
MH710577; MH710578) were aligned using the software MUSCLE in
Geneious® software (www.geneious.com/download). The DnaSP v.5
software (Librado and Rozas, 2009) was used to compare the haplotype
of B. clarridgeiae obtained in Argentina with others B. clarridgeiae se-
quences from different geographical origins available from GenBank
and the similarity and identity was calculated using the MatGat soft-
ware (Campanella et al., 2003). Phylogenetic inference was analyzed
using sequences of Bartonella spp. available in GenBank in addition to
our sequences of B. clarridgeiae from Argentina (Table 1). The best-fit
model of evolution was estimated using the Bayesian Information Cri-
terion (BIC) as implemented in JModeltest v.2.1.7 software (www.
darwin.uvigo.es/our-software; Darriba and Posada, 2012). The Baye-
sian inference (BI) was analyzed using MrBayes v.3.2 software
(Ronquist et al., 2012), four Metropolis-coupled Markov Chain Monte
Carlo (MCMC) were run for 220,000 generations to allow adequate time
for convergence (≤0.005778). The first 25% of sampled trees were
considered as burn in. The tree was visualized with FigTree v.1.4
(http://tree.bio.ed.ac.uk/software/figtree/). Sequence of B. bacilli-
formis (access number: CP014012) was used as out-group.

3. Results

Out of the 15 specimens analyzed, only one flea collected from a cat
tested positivity in PCR assays for Bartonella spp. based on the gltA gene.
A 463 bp fragment was analyzed, the results of the BLAST identified the
sequence as B. clarridgeiae (Nucleotide sequence data reported in this
paper are available in the GenBank database under the accession
number: MN101209), sharing indeed haplotype (100% identity and
similarity) with B. clarridgeiae from Chile (KY913634-KY913636),
Switzerland (FN645454) and Thailand (KX001761). Similarly, others
two sequences present same haplotype, although the fragment available
in GenBank was smaller (China: EU770616 and England: MG384320),
for this reason, were not included in phylogenetic analyses. The BI
analysis was constructed using the HKY + G model as the most ap-
propriate for the data (-InL = 1787.4206; BIC = 3894.0031; Delta
BIC = 0) with gamma of 0.3330. Two major clades (1.0 PP) were

identified a) the first supported by 1.0 PP which is composed by B.
clarridgeiae and B. rochalimae and b) second supported by 0.9 PP which
composed by two subclades 1) B. henselae, B. koehlerae, B. quintana, 2)
Bartonella sp., B. vinsonii and B. tribocorum (Fig. 1).

4. Discussion

The results obtained provide the first evidence of the presence of B.
clarridgeiae in C. f. felis from Argentina. Given the epidemiological im-
portance of flea-borne diseases, more studies are needed to determine if
C. f. felis participates in the B. clarridgeiae transmission cycle.
Previously, B. clarridgeiae was detected from 5.9% of cats examined
from Buenos Aires, Argentina, while all dogs were negative by PCR and
Reverse Line Blot hybridization assays (Cicuttin et al., 2014). Reports of
Bartonella from Argentina also include B. henselae and B. quintana in
humans, B. henselae and B. vinsonii subsp. berkhoffii in canines and B.
henselae in felines (Cicuttin et al., 2019). Concerning fleas, unidentified
species of Bartonella at level species were reported from C. f. felis from
Corrientes Province (Oscherov et al., 2011), as well as from N. crack-
ensis associated with sigmodontine rodents from Argentinean Patagonia
(Cicuttin et al., 2019). Moreover, Pulex irritans fleas collected from
foxes from Argentinean Patagonia were mentioned associated with B.
vinsonii subsp. berkhoffii and B. rochalimae (Millán et al., 2019). How-
ever, among the above mentioned reports from both mammals and
fleas, only a few genotypes are available at the GenBank (Cicuttin et al.,
2019; Millán et al., 2019). Our analysis identified the same B. clarrid-
geiae haplotype circulating in several countries of the world, such as
Chile, Switzerlan, Thailand, China and England suggesting null genetic
polymorphism in gltA gene.

The identification of B. clarridgeiae in the cat fleas from cats re-
ported herein is consistent with the literature. Domestic cats are con-
sidered to be the natural reservoir for B. clarridgeiae, a causative agent
of cat scratch disease (CSD), and dogs may also be infected with these
pathogens (Chomel et al., 2004). Indeed, C. f. felis is the main vector of
B. clarridgeiae, B. henselae and B. koehlerae. The evidence of exposure to
Bartonella spp. has been reported in cats from Southern Brazil using
genus-specific polymerase chain reaction (PCR) (Staggemeier et al.,
2010). In the city of Eldorado, 100 km away from Puerto Iguazú, a case
of encephalitis has been reported in a young girl who lived in close
relationship with cats infested with fleas and ticks. The PCR for Bar-
tonella spp. in serum and the LCR was positive in this young girl, and
the diagnostic was interpreted as Bartonella spp. encephalitis (Cornet
et al., 2016). Bartonella species prevalence in humans remains unknown
and is probably underestimated from Argentina, because the symptoms
of this pathogen are common with other illness.

Ctenocephalides felis felis has been reported from a variety of wild
and synanthropic animals in Argentina, such as rats and opossums
(Lareschi et al., 2016). For this reason, the presence of this flea is a
factor to take into account to assess flea-borne pathogens transmission
risks, likewise to include Bartonella in the diagnosis of emerging
pathologies, according to the epidemiology and clinical presentation.
The studies on flea-borne diseases are important for monitoring animal
health status and public health risks (Valente et al., 2019). The social
practices concerning the transit and management of household animals,
accompanied by rapid and disorganized urbanization, including defi-
ciencies in environmental sanitation and poor housing, show the need
to generate more studies in order to determine the role of fleas in the
epidemiology of bacterial microorganisms with zoonotic importance.

Despite the low number of fleas analyzed, the identification of B.
clarridgeiae is important as it consitutes the first report for these ar-
thropods of Argentina. In addition, this finding is significant since the
sampled household animals are local without antecedents of recent
transit or cohabitation with non-local animals, in order to evaluate a
local established scenario. Nevertheless, the studied area belongs to the
three-country border of Argentina-Brazil-Paraguay with intense transit
of humans and their companion animals, besides to be surrounded by
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national parks with preserved wild fauna, and so forest-periurban
ecotones. Therefore, these results bring the alert to improve surveil-
lance and medical monitoring on bartonellosis in humans and animals
from the region, but also to encourage the flea-borne Bartonella studies
in the area in order to understand its dynamic and dispersion both
through country borders and between household and wild animals.
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