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Abstract: Bartonella spp. comprises emergent and re-emergent fastidious Gram-negative bacteria with
worldwide distribution. Cats are the main reservoir hosts for Bartonella henselae and dogs represent
opportunistic hosts for the bacteria. Even though ticks may also play a role in transmission, their
competence as vectors for Bartonella spp. has not been totally understood. Considering only a few
studies had a focus on screening Bartonella in animals, humans and ectoparasites in Portugal, this
study aimed to address the molecular occurrence of Bartonella sp. in 123 stray cats, 25 stray dogs,
30 humans from Lisbon and 236 questing ticks within the country. Using a qPCR targeting the nuoG
gene, it was possible to detect Bartonella sp. DNA on 20.32% of cat samples (25/123). From these
positive samples, 13 sequences were characterized as B. henselae, 11 as B. clarridgeiae and 1 presented
co-infection with both species. The absolute quantification of nuoG Bartonella DNA in sampled
cats ranged from 2.78 × 10 to 1.03 × 105 copies/µL. The sampled dogs, humans and ticks were
negative. These results showed that B. henselae and B. clarridgeiae are circulating in stray cats from
Lisbon. Additional and more extended studies should be conducted to determine the impact of such
infections on humans, particularly those in constant and direct contact with cats.

Keywords: Bartonella clarridgeiae; Bartonella henselae; cat scratch disease; Portugal; ticks; hosts

1. Introduction

Bartonella spp. encompasses small, fastidious, and facultative Gram-negative intra-
cellular bacteria with a global distribution [1] belonging to alpha-2 class of Proteobacteria,
order Rhizobiales, and family Bartonellaceae [2]. Currently, there are over 45 species de-
scribed, which have been isolated from humans, domestic and wild animals [3]; 15 out
of these species are known to be associated with human infections [1]. Transmission by
sand flies, fleas, and lice has been properly documented while the role of ticks is still under
discussion [4,5]. The existence of non-vectorial transmission routes has also been evaluated,
as some reports have been made describing transmission via scratch and bite of infected
cats, the use of infected needles, and blood transfusion [6–8]. Bartonella spp. are neglected
zoonotic pathogens that infect mostly erythrocytes and endothelial cells, in which they can
survive for a prolonged period, resulting in a long-lasting infection, usually linked to a
relapsing pattern of bacteremia [9].
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B. henselae is one of the species that has been frequently identified in humans, as
well as in companion animals, especially cats [1]. Other Bartonella spp. with relevant
zoonotic importance are B. clarridgeiae and B. washoensis, and both these species have
been previously isolated from dogs [10]; moreover, all Bartonella spp. identified in sick
dogs are known as pathogenic or potentially pathogenic infectious agents for humans,
suggesting that dogs might act as useful sentinel species and important comparative
models for human infections [11]. It is noteworthy that the vast majority of infections in
humans transmitted by arthropod vectors have been attributed to Bartonella quintana and
Bartonella bacilliformis, but only B. henselae has been reported as a result of mechanical
infection due to contact with an animal reservoir (cat scratch or bite) [12]. Many studies
have been carried out to identify Bartonella sp. in ticks due to a growing interest in
investigating their role as potential vectors for these bacteria [13]. Despite some evidence
of the vectorial competence of ticks for bartonellae through experimental studies using
artificial feeding, their vectorial capacity for bartonellae has not been confirmed yet. An
integrated study involving hosts, reservoirs, and vectors for Bartonella sp. would be the
best approach to evaluate the current prevalence in each population and select the best
control measures to be implemented [14].

To date, data associated with Bartonella infection in humans from Europe are scarce,
being more common in domestic cats and dogs [15]. For Portugal, molecular surveys
have been performed on cats: while in 1995, 49% (25/51) of cats were found positive by
a conventional PCR targeting the citrate synthase gene (gltA) [16], in 2014 an occurrence
of 2.9% (19/649) for Bartonella spp. was reported among cats using a qPCR targeting
the intergenic region 16S-23S rRNA (ITS) [17]; however, no molecular surveys have been
performed in humans, dogs or ticks, demonstrating that more studies need to be performed
to determine the current prevalence of Bartonella sp. in other hosts besides cats (the main
reservoirs for B. henselae, B. clarridgeiae and B. koehlerae) and in potential vectors, such
as ticks.

The present research work aimed to survey Bartonella sp. DNA presence in cats,
dogs, humans from the urban area of Lisbon and ticks from Portugal mainland, using
a qPCR assay based on the nuoG gene; moreover, a characterization of the Bartonella sp.
detected was also carried out using gltA and ribC-based cPCR assays, in order to identify
the Bartonella species circulating in Lisbon, Portugal.

2. Results
2.1. Tick Samples and Molecular Detection of Bartonella spp.

A total of 268 specimens were used in the present study originally collected in 19 geo-
graphical points from eight districts of mainland Portugal from 2012 to 2018 (Figure 1). Of
these, 114 (42.53%) were identified as Ixodes ricinus, 18 (6.71%) as Ixodes sp. and 136 (50.75%)
as Rhipicephalus sanguineus sensu lato. For I. ricinus, 38 (33.3%) specimens were female, 56
(49.12%) were male and 20 (17.54%) nymphs; in addition, all the 18 (100%) individuals
classified as Ixodes sp. were nymphs. Regarding R. sanguineus, 68 (50%) individuals were
females and 68 (50%) males. Integrity of all samples was confirmed by PCR targeting
the tick 18S rRNA gene. The presence of Bartonella spp. DNA was not detected in any of
the samples.
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Figure 1. Ticks collected in Portugal mainland classified by district, with information of the number 
of collection points per district and whether R. sanguineus or both R. sanguineus and Ixodes sp. were 
identified. Image adapted from Google Earth v.7.3.2.5491. 

2.2. Detection of Bartonella Spp. in Human Blood and Blood from Non-Domiciliated Cats and 
Dogs 

The number of samples obtained for each group namely, cats, dogs and humans were 
123, 25 and 30, respectively. Information about age, sex and presence of fleas is provided 
in Table 1, excluding humans’ samples, from which no information is available. Samples 
were positive for the first screening PCR step (targeting GAPDH), confirming DNA 
integrity for all samples. 

Table 1. Samples information with regards to sex, age, and other characteristics. 

 Number of 
Samples 

Female Male Adult Juvenile Flea 
Infested 

Cats 123 73 (58.8%) 51 (45.16%) 112 (91.05%) 11 (8.87%) 9 (7.25%) 
Dogs 25 10 (43.47%) 15 (56.52%) 11 (47.82%) 12 (52.17%) 4 (17.39%) 

Concerning the molecular detection of Bartonella sp., 25 (20.3%) of 123 cat samples 
were positive for the qPCR targeting nuoG. The rest of the samples, corresponding to ticks, 
dogs, and humans (including blood cultures done for dogs and humans) were negative 
for the presence of Bartonella sp. Reaction parameters of the qPCR assays for each type of 
sample are listed in Table 2. 

  

Figure 1. Ticks collected in Portugal mainland classified by district, with information of the number
of collection points per district and whether R. sanguineus or both R. sanguineus and Ixodes sp. were
identified. Image adapted from Google Earth v.7.3.2.5491.

2.2. Detection of Bartonella spp. in Human Blood and Blood from Non-Domiciliated Cats and Dogs

The number of samples obtained for each group namely, cats, dogs and humans were
123, 25 and 30, respectively. Information about age, sex and presence of fleas is provided in
Table 1, excluding humans’ samples, from which no information is available. Samples were
positive for the first screening PCR step (targeting GAPDH), confirming DNA integrity for
all samples.

Table 1. Samples information with regards to sex, age, and other characteristics.

Number of Samples Female Male Adult Juvenile Flea Infested

Cats 123 73 (58.8%) 51 (45.16%) 112 (91.05%) 11 (8.87%) 9 (7.25%)

Dogs 25 10 (43.47%) 15 (56.52%) 11 (47.82%) 12 (52.17%) 4 (17.39%)

Concerning the molecular detection of Bartonella sp., 25 (20.3%) of 123 cat samples
were positive for the qPCR targeting nuoG. The rest of the samples, corresponding to ticks,
dogs, and humans (including blood cultures done for dogs and humans) were negative
for the presence of Bartonella sp. Reaction parameters of the qPCR assays for each type of
sample are listed in Table 2.

Table 2. Obtained nuoG qPCR reaction parameters for each type of sample.

Type of Samples Efficiency (Average) R2 (Average) Slope (Average) Quantification

Ticks 101.98% 0.996 −3.285 -

Cats 94.78% 0.994 −3.449 2.78 × 10 to 1.03 × 105 copies/µL

Dogs 95.25% 0.996 −3.448 -

Humans 106.3% 0.678 −3.187 -
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Out of the 123 blood samples, 25 (20.33%) were positive for at least one Bartonella spp.
Of these 25 positive cats, 13 were females (17.1% of all female cats) and 12 were males
(23.52% of all males). Of the 11 juvenile cats, 5 were infected (45.45%), as well as 20 (17.85%)
of the total adults. Only three of the nine cats (33.33%) presenting flea infestation were
found to be positive for Bartonella spp. and all three were females. In addition, 28% of these
25 cats were rescued from very close areas (Alvalade, Misericórdia and Campolide).

All the 25 cat blood samples, positive in the qPCR, targeting the nuoG gene, also
amplified the targeted fragment of the gltA gene of Bartonella by cPCR. The BLAST analysis
showed that 13 out of the 25 samples (52%) presented an identity ranging from 99% to
100% with B. henselae and 11 (44%) showed an identity ranging from 99% to 100% with
B. clarridgeiae. Regarding the ribC gene, 24 samples were found to be positive and confirmed
gltA results. One of the samples presented heterozygous (double) peaks, therefore it
went through molecular cloning and was confirmed to harbour a co-infection with both
B. henselae and B. clarridgeiae and 14 of the 25 positive sequences (56%) presented identity
ranging from 99.61% to 100% with B. henselae and 11 (44%) showed an identity ranging
from 99.81% to 100% with B. clarridgeiae. The gltA and ribC sequences obtained from
positive cats were deposited in the GenBank international database under the following
accession numbers: MN564828 and MN564829 for gltA; MN564824, MN564825, MN564826,
MN564827 and MN632451 for ribC.

For the dataset of B. henselae gltA (13 sequences), the number of sites found was 717,
Pi = 0.000, Hd = 0.000 and only one haplotype was identified (MN564828). In the same way,
the dataset of B. clarridgeiae gltA (11 sequences) reported a number of sites of 743, Pi = 0.000,
Hd = 0.000 and only one haplotype was identified (MN564829). Furthermore, for the
dataset of B. henselae ribC (14 sequences), the number of sites found was 530, Pi = 0.00081,
Hd = 0.2747 and three haplotypes were identified: haplotype 1 (Hap1, MN564824), cor-
responding to 12 samples (2, 16, 27, 29, 37, 57, 62, 86, 90, 107, 108, and 119); haplotype 2
(Hap2 MN564825), corresponding to sample 95, and haplotype 3 (Hap3, MN564826), corre-
sponding to sample 101. Similarly, regarding the B. clarridgeiae ribC group (11 sequences),
the number of sites found were 521, Pi = 0.00035, Hd = 0.182 and two haplotypes were iden-
tified: Haplotype 1c (Hap1c, MN564827), corresponding to 10 samples (19, 22, 28, 33, 46, 52,
79, 80, 97, and 118), and Haplotype 2c, corresponding to sample 108 (Hap2c, MN632451).

From the gltA sequences, and specifically from the 13 ones characterized as B. henselae,
eight (61.53%) showed a 99% identity with B. henselae strain Houston-I (Accession number:
CP020742) and five (38.46%) with an identity ranging from 99% to 100% with B. henselae
isolated from cat fleas from Chile (Accession number: KY913625). Out of the 11 sequences
identified as B. clarridgeiae, eight (72.72%) presented an identity of 99% with B. clarridgeiae
strain 73 (Accession number: FN645454), two (18.18%) a 100% identity with isolation from
cat fleas from Chile (Accession number: KY913629), and one (9.09%) a 100% identity with
another isolation from Chilean cat fleas (Accession number: KY913636); one sequence
was not analyzed due to the presence of two overlapping peaks and a failed molecular
cloning procedure.

Regarding the ribC sequences, out of the 14 samples corresponding to a B. henselae
characterization, 8 (61.53%) had a range of 99.61% to 99.81% of identity with isolation from
mammal fleas in South Carolina, USA (Accession number: AY953284), 5 (38.46%) had an
identity ranging from 92.62% to 100% with B. henselae strain Houston-I (Accession number:
CP020742), and 1 (7.69%), showed 100% of identity with isolation from cats in Brazil
(Accession number: HM588661); moreover, from the group characterized as B. clarridgeiae,
all 11 sequences (100%) presented an identity ranging from 99.81% to 100% with an isolation
from cats in southern Brazil (Accession number: KR092386).

The Maximum Likelihood phylogenetic tree built for the gltA gene (showed in Figure 2)
grouped the unique haplotype for B. henselae (Accession number: MN564828) in the same
cluster with other B. henselae from different countries and reservoirs, including one isolated
from cats, in Brazil (Accession number: MH019304.1), and cat fleas, in Austria (Accession
number: MF374384.1), supported by a bootstrap value of 99%. In addition, the unique
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haplotype for B. clarridgeiae (Accession number: MN564829) was grouped in a cluster
together with other B. clarridgeiae strains, including two isolations from cats in Brazil
(Accession number: MH019302.1) and Thailand (Accession number: KX001761.1) and
one from cat fleas from Chile (Accession number: KY913636.1), supported by a 100%
bootstrap value. Additionally, the ribC Maximum Likelihood phylogenetic tree (Figure 3)
grouped all three haplotypes for B. henselae (Accession numbers: MN564824, MN564825
and MN564825) on the same clade, together with sequences corresponding to isolations
from cats in Brazil (Accession number: HM588661) and fleas in the USA (Accession number:
AY953284); this cluster had a 100% of bootstrap support value, and moreover, the two
haplotypes for B. clarridgeiae (Accession numbers: MN564827 and MN632451) formed
a cluster supported for a 100% of bootstrap value, together with isolations from cats in
Brazil (Accession number: KR092386), Japan (Accession number: AB292604) and China
(Accession number: EU571943).
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Figure 3. Phylogenetic analysis of ribC gene sequences (455 bp after alignment) based on the Maxi-
mum Likelihood method and model Kimura-2-Parameters. Numbers correspond to the support val-
ues for a bootstrap with 1000 repetitions, and only bootstraps >70% are presented. Brucella melitensis
was used as an outgroup.
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3. Discussion

In this study, 20.32% of the sampled cats were positive for Bartonella sp. On the
other hand, all blood samples from dogs and humans and questing ticks were negative
for bartonellae DNA, even though the screening was also performed in liquid and solid
cultures (for dogs and humans), to increase the sensitivity of the detection assay.

The occurrence of Bartonella spp. among cats in Lisbon was higher (20.3%) than the
one found in cats from southern Portugal [17], where only 2.9% of cats were positive for
Bartonella sp; this finding could be explained by the fact that in the latter study, domestic
cats constituted half of the studied samples. Domiciled cats typically are at lesser risk of
flea infestation when compared to stray cats, which lack ectoparasiticide treatment [18,19].
In regard to the study carried out mainly in Évora, where 49% of the screened samples
were found positive [16], the high prevalence could be explained by the fact that said city
is in the countryside, presenting conditions that are more favorable for vector infestation
in animals. Additionally, the molecular method selected for both studies was based on a
cPCR, whereas the present study used a qPCR assay, known for being more specific and
sensitive. In the present study, we found a higher percentage of juvenile cats infected with
the bacteria in comparison to adult cats. It has been demonstrated that cat age is a risk
factor for Bartonella spp. infection, a feature that can be associated with a more immature
immune system. As a result, younger cats are more prone to present peaks of parasitaemia,
which ultimately can facilitate pathogen detection [19,20]. It is important to denote that
the combination of Bartonella alphaproteobacteria growth medium (BAPGM) followed by
qPCR and chocolate agar culture plus the new qPCR round was not employed in the cat
blood samples screened which would increase sensitivity and possibly yield in a higher
number of positive samples [21].

Based on the phylogenetic analysis, for both gltA and ribC sequences of B. henselae
and B. clarridgeiae, the bacteria identified in the present study, were found to be close
to other Bartonella isolates, not only from cats, but from other mammals and vectors as
well. B. henselae genotypes were closely related to isolates from cats in Brazil [22], dogs
in Chile [23], cat fleas in Austria [24] and humans in Australia [25]. In a similar way,
B. clarridgeiae sequences were related to isolates from cats in Brazil [22], cats in Thailand [26]
and cat fleas from Chile [23]. These results could suggest that strains of both B. henselae and
B. clarridgeiae are being shared by animals from different locations, possibly due to human
and animal migration. The genetic diversity of B. henselae and B. clarridgeiae circulating in
cats from Lisbon and other Portuguese regions can and should be addressed in the future to
better understand disease epidemiology. Multilocus sequence typing (MLST) studies have
been conducted on Bartonella spp. contributing to clarifying phylogenetic relationships,
host specificity, diversity and the discovery of novel species [21,27–29].

In regard to dogs, despite the high prevalence detected for Bartonella sp. in cats from
Lisbon, all dog samples were qPCR negative. It is widely accepted that dogs are susceptible
to infection, but their role as reservoirs is not clear and studies suggest that dogs are inciden-
tal hosts for Bartonella spp. [15,30]. In dogs, infections often result in clinical manifestations
similar to those seen in humans, and endocarditis is the most observed disorder. Apparently,
in Europe there is a lower prevalence of infection compared to other continents [15,31], to
which vector abundance, prevention measures and even socio-demographic differences
may be contributing factors; however, the lack of a gold standard diagnostic test may be the
greater limitation here. A recent study has pointed out the discrepancies on accuracy and
sensitivity between different methodologies, including digital PCR (ddPCR) [32], showing
that direct and absolute comparisons are often impossible. Many of the studies targeting
dogs are serology based [17,31], while detection in blood by PCR or qPCR has been rarely
reported [15]. There are several reports showing PCR failure to amplify the bacteria from
the blood of infected individuals, and even ddPCR did not show the needed sensitivity
(reviewed in Ref. [32]). Tissue samples provide more robust results; however, these types
of samples are less available (usually taken from individuals presenting disease manifes-
tations or very specific studies) making blood a preferred sample for screening purposes.
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Taking these limitations into account, well-designed PCR assays should support qPCR
detection with PCR after BAPGM enrichment culture [33,34]. Blood cultures can be used to
amplify bacteria and unmask the infection, a strategy that was conducted in the present
study and resulted in the confirmation of negative infections. A previous survey carried
out in Spain [35], which applied a qPCR technique targeting the ITS gene, had a sample of
dogs previously diagnosed with endocarditis, while the present study sampled healthy
or asymptomatic dogs, making it less likely to find individuals infected with Bartonella sp.
Nevertheless, considering that the two species of Bartonella detected in cats (B. henselae and
B. clarridgeiae) had also been reported in dogs in previous studies [10,36–39], more surveys
need to be performed in Lisbon, selecting preferably a more diverse group of dogs, in terms
of their medical condition.

Despite Bartonella sp. infection rates in humans show a tendency to be higher in
immune-compromised people [40,41], some species are associated with other specific risk
factors. For B. henselae and B. clarridgeiae, infection in humans is strictly associated with
contact with cats and exposure to cat fleas [42]. For this reason, the sampled group of human
individuals consisted of veterinary personnel and volunteers of a cat-rescue association,
who were in constant contact with the felines. The limitations of these screenings in
humans are similar to those in dogs. In Europe, Bartonella sp. has been previously detected
in veterinary practitioners by a cPCR method targeting the ITS gene [43] and on cat owners
from Spain (using the same method) [30], with a prevalence of 28% and 27%, respectively.
For serology assessments, an incidence of 7% was reported for B. henselae and 1% for
B. quintana on a survey performed in Sweden, with a sample of 224 patients [44], while
another survey performed in Poland had a reported incidence of 23% seropositive cases for
B. henselae and 2.85% for B. quintana from 105 tested subjects, composed of 65 blood donors
and 40 patients suffering from musculoskeletal symptoms [45]. Despite these reports, the
samples screened in the present study were negative for the bacteria, also including the
blood cultured samples. In Portugal, few cases have been reported, which would suggest
Bartonella sp. infections are not common. A report by the National Health Institute (INSA
by its Portuguese acronym) from 2012, indicates a rate of 17% of seroprevalence of Bartonella
infections in Portugal, from a total of 189 suspected cases [46], but taking into account the
whole Portuguese population (according to the national statistical institute, INE, in 2021,
the Portuguese population was estimated in 10 344 802 individuals, https://censos.ine.pt
(accessed on 23 June 2022)), these numbers still suggest a low incidence. In addition, most
of the previous reports [47,48] were on patients that had a pre-existing condition that could
have made them more vulnerable to the bacteria, with the exception of a recent report on a
previously healthy adolescent [49]. Furthermore, there is a report of positive serology for
Bartonella sp., in which the blood culture gave a negative result [47], adding to the need to
implement a standard gold method for the detection of Bartonella spp. in hosts other than
cats. Consequently, more surveys need to be developed in the country to clarify the impact
of bartonellosis on humans.

In the last few years, many efforts have been made to clarify the role of ticks in the
transmission of Bartonella spp. The extraordinary vector capacity of these ectoparasites
together with reports of the presence of Bartonella spp. DNA in ticks and, more recently,
the reports of Bartonella spp. seroprevalence in tick-exposed patients from Sweden and
Poland, although the last one lacked statistical significance [44,45], which has put them on
the spot [50]. In the present study, despite sampling over 260 ticks collected in different
locations across Portugal mainland, Bartonella sp. was not detected in any of the samples.
More than half of the screened ticks were classified as Rhipicephalus sanguineus sensu lato
and, 42.53%, as Ixodes Ricinus; these species were chosen due to their great importance
for public health, with I. ricinus being the most medically important tick in Portugal (and
Europe) and R. sanguineus being the most prevalent tick in companion animals [51]. In 2010,
Angelakis et al. published a review [13] that included a series of molecular surveys for
Bartonella carried out in ticks from 1995 to 2010, in which a diversity of Bartonella spp. were
detected from different tick species (Amblyomma americanum, Carios kelleyi, Dermacentor
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occidentalis, D. reticulatus, D. variabilis, Haemaphysalis flava, H. longicornis, Ixodes nipponensis,
I. pacificus, I. persulcatus, I. ricinus, I. scapularis, I. sinensis, I. turdus, R. sanguineus), from
numerous geographic locations. Since then, more studies have been published, some
reporting the pathogen in ticks in a given region [52,53], others, like the present study,
the absence of the pathogen on ticks recovered from hosts [54]. Residual pathogen DNA,
acquired during a previous blood meal, can be detected after tick molt and also Bartonella
DNA within a tick does not imply that the tick might be able to transmit the bacteria
during the course of blood-feeding, therefore not conferring epidemiologic risk [55]. The
generalist tick I. ricinus, has often been used in studies performed to clarify its compe-
tence to transmit the bacteria. The transovarial and transstadial transmission of B. henselae,
B. grahamii, and B. schoenbuchensis have been recently demonstrated [56], while the trans-
mission of B. birtlesii to susceptible mice, using laboratory-infected I. ricinus, was previously
achieved [57]. Rhipicephalus sanguineus being the most prevalent tick in companion animals,
has recently been used in similar studies [58,59] but evidence that this tick species can be
the vector of Bartonella sp. is also still missing. Altogether, and despite the efforts, more
studies are required to clearly establish if ticks are efficient vectors of Bartonella or rather a
more opportunistic and weaker threat.

4. Material and Methods
4.1. Ethics Statement

The Institute of Hygiene and Tropical Medicine Ethics Council approved this study
under process number 01.19. Animal experiments were conducted according to the prin-
ciple of the 3Rs, to replace, reduce and refine the use of animals for scientific purposes.
Humans agreed to participate in the research study and signed an informed consent term.

4.2. Biological Samples Collection
4.2.1. Cats and Dogs Whole Blood Sampling

A total of 123 non-domiciliated cats and 30 non-domiciliated dogs participating in the
sterilization program promoted by “Casa dos Animais de Lisboa” (CAL) were sampled
from January to July 2019. After anaesthesia and immediately before the sterilization
procedure, a volume of 400 µL of blood was collected from the jugular vein of each cat, and
from the radial vein of each dog, and aliquoted into two EDTA-containing tubes. One tube
was kept under refrigeration at 4 ◦C until DNA extraction and the other were promptly
frozen at −80 ◦C until use for Bartonella isolation. For cats, culture was not performed.
Information about gender, breed, age, and presence of ectoparasites was registered for
each animal.

4.2.2. Humans Whole Blood Sampling

Thirty healthy individuals frequently exposed to bites or cat scratches, (veterinarians,
veterinary technicians, volunteers of associations for the protection of homeless animals
and cat owners) participated in this study, from February to July 2019. Approximately
1 mL of EDTA whole blood was collected from each volunteer’s median cubital vein, after
the signing the informed consent term. The collected whole blood was divided into two
aliquots, one tube was kept under refrigeration at 4 ◦C until DNA extraction for a direct
qPCR and the other was frozen at −80 ◦C until use for Bartonella isolation.

4.2.3. Ticks

The ticks used in the present study were obtained and processed previously under
past institutional research projects. The tick collection was obtained from 2012 to 2019,
covering 19 geographical points of mainland Portugal. Briefly, ticks were collected by
dragging-flagging vegetation [60], examined under a stereomicroscope, and morpholog-
ically identified using taxonomic keys [61,62]. Each specimen was placed in a 1.5 mL
labelled microtube and stored in 70% ethanol at −20 ◦C, until DNA extraction.
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4.3. Cultivation of Bartonella from Dog and Human Blood Samples

The EDTA-whole blood samples were thawed at room temperature and 100 µL were
collected and mixed with Schneider’s insect medium (Sigma-Aldrich, Inc., St. Louis,
MO, USA) supplemented with 10% of bovine calf serum (Biological Industries, Kibbutz
Beit Haemek, Israel), 5% of sucrose (VWR International, Ltd., Poole, UK) and ampho-
tericin B (Biological Industries, Kibbutz Beit Haemek, Israel) to a final concentration of
2.5 µg/mL [63,64]. For liquid cultures, 200 µL of blood sample was added to 2 mL of
medium and for solid cultures, 200 µL of the homogenized solution was diluted 1:1 in a
liquid medium and seeded onto chocolate agar plates (Novamed, Ltd., Jerusalem, Israel),
and incubated at 37 ◦C in a 5% CO2 atmosphere. The plates were screened for the growth
of suggestive Bartonella-like colonies (i.e., slow-growing, creamy or dry rounded colonies)
after 3 days post-incubation, and then every 48 h, for 42 days [65].

4.4. DNA Extraction

Extraction of DNA from ticks was performed using alkaline hydrolysis, following a
previously described protocol [66]. Briefly, specimens were boiled in 0.7 M ammonium
hydroxide to free the DNA. After the lysate was air-dried to evaporate the ammonia.
Extraction of cat, dog and human DNA was made from 200 µL of whole blood EDTA
was performed using the NZY Blood gDNA Isolation Kit (NZYTech, Lisbon, Portugal),
following the manufacturer’s recommendations. The same method for DNA extraction was
used for isolated and resuspended colonies consistent with Bartonella sp. in 100 µL of ultra-
pure water. All purified DNA samples were eluted in 30 µL of elution buffer (NZYTech).

4.5. Polymerase Chain Reaction (PCR)
4.5.1. PCR Inhibitors and DNA Integrity

The ratio of absorbance at 260 nm and 280 nm was used to assess the purity of DNA
on a NanoDrop ND-1000 spectrophotometer (Thermo Scientific, Wilmington, NC, USA).
The DNA extracted from cats’, dogs’ and humans’ blood samples, and also from the liquid
cultures was used on a conventional PCR (cPCR) targeting a 400 base pairs (bp) fragment
of the mammalian glyceraldehyde-3-phosphate dehydrogenase protein family gene (gapdh)
to evaluate PCR inhibition [67]. Ticks’ DNA was used for the same purpose in a cPCR
targeting a 653-bp fragment of the gene coding for the small subunit ribosomal RNA of
arthropods (18S rRNA), according to Mangold et al. [68].

4.5.2. Molecular Detection and Characterization of Bartonella spp.

A quantitative PCR targeting a fragment of the NADH ubiquinone oxireductase sub-
unit G (nuoG) gene, using the primers F-Bart: 5′-CAATCTTCTTTTGCTTCACC-3′, R-Bart:
5′-TCAGGGCTTTATGTGAATAC-3′, and the hydrolysis probe FAM-5′-TTYGTCATTTGAA
CACG-3′[BHQ1]-3′ [69] was carried out for cat, dog and humans’ blood; ticks and colonies
were suggestive of bartonellae for dog and human samples. The qPCR assays were per-
formed for a final volume of 10 µL, containing 1 µL of DNA template, 0.6 µM of each primer
and probe, 5 µL of Xpert Fast PROBE 2X Master Mix and ultra-pure sterilized water (Thermo
Scientific). All samples were run in triplicate and the amplification conditions were 95 ◦C
for 3 min followed by 40 cycles at 95 ◦C for 10 s and 52.8 ◦C for 30 s, using a CFX96 Thermal
Cycler (BioRad™, Hercules, CA, USA). Standard curves were constructed using 10-fold
serial dilutions of a gBLOCK® (IDT-Integrated DNA Technologies) encompassing the 83 bp
B. henselae-nuoG gene fragment. The number of copies was determined by the following for-
mula: Xg/µL DNA/[fragment length in bp × 660]) × 6.022 × 1023 × plasmid copies/µL.

Positive samples for the nuoG-based qPCR gene were afterwards used in two cPCR as-
says. The citrate synthase gene (gltA) was targeted for amplification of a 767 bp fragment, us-
ing the primers 443F: 5′-GCTATFTCTGCATTCTATCA-3′ and 1210-R: 5′-GATCYTCAATCAT
TTCTTTCCA-3′ [70]. The 25 µL reactions consisted of 12.5 µL of NZYTaq II 2x Green Mas-
ter Mix (NZYTech), 1 µM of each primer, 1 µL of DNA template and nuclease-free water.
Cycling conditions were as follows: 95 ◦C for 5 min, 35 cycles of denaturation at 94 ◦C for
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30 s, annealing at 54 ◦C for 30 s and extension at 72 ◦C for 1 min and final extension at 72 ◦C
for 5 min. The second cPCR targets a 585 bp fragment of riboflavin synthase gene (ribC),
using the primers BARTON-1: 5′-TAACCGATATTGGTTGTGTTGAAG-3′ and BARTON-2:
5′-TAAAGCTAGAAAGTCTGG CAACATAACG-3′ [71]. Reactions were made in the gltA
cPCR assay and cycling conditions consisted of an initial denaturation at 95 ◦C for 5 min,
35 cycles consisting of denaturation at 94 ◦C for 30 s, annealing at 55 ◦C for 30 s and exten-
sion at 72 ◦C for 1 min, followed by a final extension at 72 ◦C for 5 min. Ultrapure water
was used as a negative control. All assays were conducted in a T100™ Thermal Cycler
(BioRad™, Hercules, CA, USA). PCR products were analyzed by horizontal electrophoresis
in 1.5% agarose gel stained with Green Safe Premium (NZYTech). Positive amplicons
for both cPCR targeting the genes gltA and ribC were purified using the NZYGelpure kit
(NZYTech) and Sanger sequenced at StabVida (Lisbon, Portugal).

4.5.3. Sequences and Phylogenetic Analysis

Sequences were analyzed and manually cured using Bioedit Sequence Alignment
Editor [72], in order to enhance the quality level of the sequences. Apparent co-infections
were evaluated by molecular cloning of the PCR product, using InsTAclone PCR Cloning
Kit (Fermentas, Baden-Wurttemberg, Germany), and E. coli competent cells (NZYTech)
according to standard cloning protocols. Briefly, the purified amplified product was
ligated into the plasmid pTZ57R/T. Chemically competent E. coli cells (NZYtech) were
transformed, plated in LB agar (NZYtech) and incubated at 37 ◦C, overnight. Positive
colonies were subcultured overnight on 3 mL of LB medium (Liofilchem, Teramo, Italy)
at 37 ◦C and under 200 rpm of shaking. Finally, plasmid purification was carried out
using the NZY Miniprep kit (NZYtech) following the manufacturer’s recommendations,
and 10 µL of purified samples together with 3 µL of M3 forward primer were sent to
StabVida (Lisbon, Portugal), for sequencing. Sequences were manually trimmed and sub-
mitted to BLAST [73]. Edited sequences were grouped in four datasets (B. henselae gltA,
B. clarridgeiae gltA, B. henselae ribC and B. clarridgeiae ribC), and a ClustalW multiple align-
ment was performed in Bioedit for each group of gene sequences. The number of haplotypes
(h) and the haplotype diversity (Hd) was evaluated using the software DNA Sequence
Polymorphism (DnaSP) v.6.12.03 [74]. The haplotypes were generated based on nucleotide
sequences with gaps or missing data and excluding the invariable sites. MEGA v.6.06 soft-
ware [75] was used to calculate the amount of nucleotide variation among the sequences
using the p-distance model with 1000 bootstrap replications. For the phylogenetic trees’
construction, ClustalW multiple alignment was performed in Bioedit for each group of gene
sequences (gltA and ribC), including representative sequences for each haplotype obtained
in this study, together with other sequences selected from the GenBank (for gltA: Bartonella
acomydis (AB444979.1), Bartonella alsatica (AF204273.1), Bartonella birtlesii (AF204272.1),
Bartonella vinsonii subp. vinsonii (Z70015.1), Bartonella vinsonii subsp. arupensis (AF214557.1),
Bartonella jaculi (AB444975.1), Bartonella rattaustraliani (EU111796.1), Bartonella japonica
(AB242289.1), Bartonella coopersplainsensis (EU111803.1), Bartonella quintana (HQ014627.1),
Bartonella koehlerae (AF176091.1), Bartonella henselae Human Australia (AJ439406.1), Bar-
tonella henselae (L38987.1), Bartonella henselae Cat Flea Austria (MF374384.1), Bartonella
henselae Cat Brazil (MH019304.1), Bartonella henselae Dog Chile (MG252490.1), Bartonella
doshiae (AF207827.1), Bartonella rattimassiliensis (AY515124.1), Bartonella queenslandensis
(EU111798.1), Bartonella elizabethae (Z70009.1), Bartonella schoenbuchii (AJ278184.1), Bartonella
chomelii (AY254308.1), Bartonella capreoli (AF293392.1), Bartonella rochalimae (FN645459.1),
Bartonella clarridgeiae Cat flea Chile (KY913636.1), Bartonella clarridgeiae Cat Brazil (MH019302.1),
Bartonella clarridgeiae Cat Thailand (KX001761.1), Bartonella clarridgeiae (EU770616.1), Bar-
tonella clarridgeiae strain 73 (FN645454.1), Bartonella baciliformis (DQ452947.1), Bartonella
tamiae (DQ395177.1) and Brucella abortus (AE017223.1); and for ribC: Bartonella henselae Cat
Brazil (HQ012583.1), Bartonella henselae fleas USA (AY953284.1), Bartonella henselae Cat Brazil
(HM588661.1), Bartonella koehlerae (FJ832090.1), Bartonella quintana (AJ236917.1), Bartonella
washoensis subsp. cynomysii (DQ825697.1), Bartonella heixiaziensis (KJ361664.1), Bartonella vin-
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sonii subsp. arupensis (AY116631.1), Bartonella vinsonii subsp. vinsonii (AY116636.1), Bartonella
vinsonii subsp. berkhoffii (AY116629.1), Bartonella alsatica (AY116630.1), Bartonella fuyuanen-
sis (KJ361648.1), Bartonella doshiae (AY116627.1), Bartonella sp. Bat Kenya (HM363783.1),
Bartonella bovis riboflavin synthase France (AY116637.1), Bartonella chomelii (AB290195.1),
Bartonella capreoli (AB290194.1), Bartonella schoenbuchensis (AY116628.1), Bartonella bacilli-
formis (AJ236918.1), Bartonella clarridgeiae Cat China (EU571943.1), Bartonella clarridgeiae
(AJ236916.1), Bartonella clarridgeiae Japan (AB292604.1), Bartonella clarridgeiae Cat Brazil
(KR092386.1), Bartonella ancashensis (KP720649.1), Candidatus Bartonella ancashi Peru (KC886734.1),
Brucella melitensis (CP008750.1)). No criteria regarding host or geographical localization
were used to retrieve sequences from GenBank. Likelihood-mapping analyses were per-
formed using the TREE-PUZZLE v5.3 program [76]. Only datasets with ≥90% resolved
quartets were used for tree reconstruction. MEGA v.6.06 software was used to obtain
the best model to describe the substitution pattern. A maximum-likelihood (ML) and
a neighbor-joining (NJ) trees were constructed based on a bootstrapping method with
1000 replicates and Kimura 2-parameter model.

5. Conclusions

Bartonellosis is recognized as an emerging vector-borne disease that constitutes a
threat to both animal and human health. Continuous and active surveillance to understand
the epidemiological characteristics of bartonellosis is needed worldwide, including in
Portugal. Bartonella spp. was not detected in ticks, dogs, and humans in the present study,
but more studies need to be performed addressing this topic and putting emphasis on
Bartonella spp. reservoirs and vectors. Regarding the dogs, surveys among endocarditis
afflicted individuals can be carried out and similarly, studies conducted on humans should
prioritize immune-compromised groups, as they are more prone to develop infections by
Bartonella spp. About 20% of the cats sampled in Lisbon were positive for at least one
Bartonella spp. and both B. henselae and B. clarridgeiae were identified in similar percentages.
It is hoped that these results could bring attention to Bartonella sp. as an emerging pathogen
in cats from Lisbon, and a potential threat for public health. As they are the main reservoir
for B. henselae, preventive measurements should be implemented in order to avoid an
outbreak of cat scratch disease in Lisbon.
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45. Łysakowska, M.E.; Brzezińska, O.; Szybka, M.; Konieczka, M.; Moskwa, S.; Brauncajs, M.; Makowska, J.; Pastuszak-Lewandoska, D.;
Grzegorczyk, J. The Seroprevalence of Bartonella spp. in the Blood of Patients with Musculoskeletal Complaints and Blood
Donors, Poland: A Pilot Study. Clin. Rheumatol. 2019, 38, 2691–2698. [CrossRef]

46. Alves, M.J.; Luz, T.; Santos, A.S.; De Sousa, R.; Lopes de Carvalho, I.; Zé-Zé, L.; Amaro, F.; Parreira, P.; Núncio, M.S. Diagnóstico
Imunológico de Doenças Associadas a Vectores Existentes Em Portugal. Boletim Epidemiológico Observações 2013, 5, 2.

47. Cordero, A.; Escoto, V.; Lopes, L. Bartonella Endocarditis: A Culture-Negative Endocarditis Clinical Case Report. Port. Online J.
Med. Cases Rep. 2008, 15, 3.

48. Murinello, N.; Murinello, A.; Damasio, H.; Carvalho, A.; de Sousa, R. Doença Da Arranhadela Do Gato Em Mulher de 44 Anos de
Idade. Rev. Port. Doenças Infecc. 2010, 6, 112–119.

49. Dias, A.; Pinto, D.; Borges, T.; Guedes, M. Manifestação Atípica de Infecção Por Bartonella henselae. Port. J. Pediatrics 2014,
42, 277–279. [CrossRef]

50. Mazurek, Ł.; Winiarczyk, S.; Adaszek, Ł. Feline Bartonellosis Key Issues and Possible Vectors. Ann. Parasitol. 2018, 64, 309–315.
[CrossRef] [PubMed]

http://doi.org/10.1128/JCM.40.12.4691-4699.2002
http://doi.org/10.1016/j.vetmic.2010.08.007
http://doi.org/10.1371/journal.pntd.0009178
http://doi.org/10.1111/tbed.13545
http://doi.org/10.1186/s13071-017-2483-z
http://doi.org/10.3201/eid1203.050931
http://doi.org/10.3390/pathogens10070794
http://doi.org/10.1089/vbz.2018.2378
http://doi.org/10.1111/j.1939-1676.2011.0736.x
http://doi.org/10.1016/j.jvc.2018.04.006
http://doi.org/10.1089/vbz.2010.0106
http://doi.org/10.1111/mve.12438
http://doi.org/10.1017/S0950268818001127
http://doi.org/10.1590/s1984-29612019078
http://doi.org/10.1128/CMR.9.3.273
http://doi.org/10.1086/375586
http://doi.org/10.1097/00005792-200107000-00003
http://doi.org/10.1089/vbz.2013.1512
http://doi.org/10.1186/s13071-021-05043-3
http://doi.org/10.1007/s10067-019-04591-5
http://doi.org/10.25754/pjp.2011.4282
http://doi.org/10.17420/AP6404.165
http://www.ncbi.nlm.nih.gov/pubmed/30720968


Pathogens 2022, 11, 749 15 of 15

51. Karasartova, D.; Gureser, A.S.; Gokce, T.; Celebi, B.; Yapar, D.; Keskin, A.; Celik, S.; Ece, Y.; Erenler, A.K.; Usluca, S.; et al. Bacterial
and Protozoal Pathogens Found in Ticks Collected from Humans in Corum Province of Turkey. PLoS Negl. Trop. Dis. 2018,
12, e0006395. [CrossRef] [PubMed]

52. Rogovskyy, A.; Batool, M.; Gillis, D.C.; Holman, P.J.; Nebogatkin, I.V.; Rogovska, Y.V.; Rogovskyy, M.S. Diversity of Borrelia
Spirochetes and Other Zoonotic Agents in Ticks from Kyiv, Ukraine. Ticks Tick Borne Dis. 2018, 9, 404–409. [CrossRef]

53. Sacristán, C.; das Neves, C.G.; Suhel, F.; Sacristán, I.; Tengs, T.; Hamnes, I.S.; Madslien, K. Bartonella spp. Detection in Ticks,
Culicoides Biting Midges and Wild Cervids from Norway. Transbound Emerg. Dis. 2021, 68, 941–951. [CrossRef] [PubMed]

54. Liodaki, M.; Spanakos, G.; Samarkos, M.; Daikos, G.L.; Christopoulou, V.; Piperaki, E.-T. Molecular Screening of Cat and Dog
Ectoparasites for the Presence of Bartonella spp. in Attica, Greece. Acta Vet. Hung. 2022, 70, 9–14. [CrossRef]

55. Telford, S.R.; Wormser, G.P. Bartonella spp. Transmission by Ticks Not Established. Emerg. Infect. Dis. 2010, 16, 379–384. [CrossRef]
56. Król, N.; Militzer, N.; Stöbe, E.; Nijhof, A.M.; Pfeffer, M.; Kempf, V.A.J.; Obiegala, A. Evaluating Transmission Paths for Three

Different Bartonella spp. in Ixodes ricinus Ticks Using Artificial Feeding. Microorganisms 2021, 9, 901. [CrossRef]
57. Reis, C.; Cote, M.; Le Rhun, D.; Lecuelle, B.; Levin, M.L.; Vayssier-Taussat, M.; Bonnet, S.I. Vector Competence of the Tick Ixodes

ricinus for Transmission of Bartonella birtlesii. PLoS Negl. Trop. Dis. 2011, 5, e1186. [CrossRef]
58. Wechtaisong, W.; Bonnet, S.I.; Chomel, B.B.; Lien, Y.-Y.; Chuang, S.-T.; Tsai, Y.-L. Investigation of Transovarial Transmission of

Bartonella henselae in Rhipicephalus sanguineus Sensu Lato Ticks Using Artificial Feeding. Microorganisms 2021, 9, 2501. [CrossRef]
59. Wechtaisong, W.; Bonnet, S.I.; Lien, Y.Y.; Chuang, S.T.; Tsai, Y.L. Transmission of Bartonella henselae within Rhipicephalus sanguineus:

Data on the Potential Vector Role of the Tick. PLoS Negl. Trop. Dis. 2020, 14, e0008664. [CrossRef]
60. Aeschlimann, A. Ixodes ricinus, Linné, 1758 (Ixodoidea; Ixodidae). Essai Préliminaire de Synthèse Sur La Biologie de Cette Espèce

En Suisse. Acta Trop. 1972, 29, 321–340.
61. Santos-Silva, M.M.; Beati, L.; Santos, A.S.; De Sousa, R.; Núncio, M.S.; Melo, P.; Santos-Reis, M.; Fonseca, C.; Formosinho, P.;

Vilela, C.; et al. The Hard-Tick Fauna of Mainland Portugal (Acari: Ixodidae): An Update on Geographical Distribution and
Known Associations with Hosts and Pathogens. Exp. Appl. Acarol. 2011, 55, 85–121. [CrossRef]

62. Walker, J.B.; Keirans, J.E.; Horak, I.G. The Genus Rhipicephalus (Acari, Ixodidae); Cambridge University Press: Cambridge, UK, 2000;
ISBN 9780521480086.

63. Kosoy, M.Y.; Regnery, R.L.; Tzianabos, T.; Marston, E.L.; Jones, D.C.; Green, D.; Maupin, G.O.; Olson, J.G.; Childs, J.E. Distribution,
Diversity, and Host Specificity of Bartonella in Rodents from the Southeastern United States. Am. J. Trop. Med. Hyg. 1997,
57, 578–588. [CrossRef]

64. Riess, T.; Dietrich, F.; Schmidt, K.V.; Kaiser, P.O.; Schwarz, H.; Schäfer, A.; Kempf, V.A.J. Analysis of a Novel Insect Cell Culture
Medium-Based Growth Medium for Bartonella Species. Appl. Environ. Microbiol. 2008, 74, 5224–5227. [CrossRef]

65. Gutiérrez, R.; Vayssier-Taussat, M.; Buffet, J.P.; Harrus, S. Guidelines for the Isolation, Molecular Detection, and Characterization
of Bartonella Species. Vector-Borne Zoonotic Dis. 2017, 17, 42–50. [CrossRef]

66. Alekseev, A.N.; Dubinina, H.V.; Van De Pol, I.; Schouls, L.M. Identification of Ehrlichia spp. and Borrelia burgdorferi in Ixodes Ticks
in the Baltic Regions of Russia. J. Clin. Microbiol. 2001, 39, 2237–2242. [CrossRef]

67. Birkenheuer, A.J.; Levy, M.G.; Breitschwerdt, E.B. Development and Evaluation of a Seminested PCR for Detection and Differen-
tiation of Babesia gibsoni (Asian Genotype) and B. canis DNA in Canine Blood Samples. J. Clin. Microbiol. 2003, 41, 4172–4177.
[CrossRef]

68. Mangold, A.J.; Bargues, M.D.; Mas-Coma, S. 18S RRNA Gene Sequences and Phylogenetic Relationships of European Hard-Tick
Species (Acari: Ixodidae). Parasitol. Res. 1998, 84, 31–37. [CrossRef]

69. André, M.R.; Dumler, J.S.; Herrera, H.M.; Gonçalves, L.R.; de Sousa, K.C.M.; Scorpio, D.G.; de Santis, A.C.G.A.; Domingos, I.H.;
de Macedo, G.C.; Machado, R.Z. Assessment of a Quantitative 5’ Nuclease Real-Time Polymerase Chain Reaction Using the
Nicotinamide Adenine Dinucleotide Dehydrogenase Gamma Subunit (NuoG) for Bartonella Species in Domiciled and Stray Cats
in Brazil. J. Feline Med. Surg. 2016, 18, 783–790. [CrossRef]

70. Billeter, S.A.; Cáceres, A.G.; Gonzales-Hidalgo, J.; Luna-Caypo, D.; Kosoy, M.Y. Molecular Detection of Bartonella Species in Ticks
from Peru. J. Med. Entomol. 2011, 48, 1257–1260. [CrossRef]

71. Johnson, G.; Ayers, M.; McClure, S.C.C.; Richardson, S.E.; Tellier, R. Detection and Identification of Bartonella Species Pathogenic
for Humans by PCR Amplification Targeting the Riboflavin Synthase Gene (RibC). J. Clin. Microbiol. 2003, 41, 1069–1072.
[CrossRef] [PubMed]

72. Hall, T.A. BioEdit: A User-Friendly Biological Sequence Alignment Editor and Analysis Program for Windows 95/98/NT.
Nucleic Acids Symp. Ser. 1999, 41, 95–98.

73. Altschul, S.F.; Gish, W.; Miller, W.; Myers, E.W.; Lipman, D.J. Basic Local Alignment Search Tool. J. Mol. Biol. 1990, 215, 403–410.
[CrossRef]

74. Rozas, J.; Rozas, R. DnaSP, DNA Sequence Polymorphism: An Interactive Program for Estimating Population Genetics Parameters
from DNA Sequence Data. Comput. Appl. Biosci. 1995, 11, 621–625. [CrossRef] [PubMed]

75. Tamura, K.; Stecher, G.; Peterson, D.; Filipski, A.; Kumar, S. MEGA6: Molecular Evolutionary Genetics Analysis Version 6.0.
Mol. Biol. Evol. 2013, 30, 2725. [CrossRef] [PubMed]

76. Schmidt, H.A.; Strimmer, K.; Vingron, M.; Von Haeseler, A. TREE-PUZZLE: Maximum Likelihood Phylogenetic Analysis Using
Quartets and Parallel Computing. Bioinformatics 2002, 18, 502–504. [CrossRef]

http://doi.org/10.1371/journal.pntd.0006395
http://www.ncbi.nlm.nih.gov/pubmed/29649265
http://doi.org/10.1016/j.ttbdis.2017.12.006
http://doi.org/10.1111/tbed.13762
http://www.ncbi.nlm.nih.gov/pubmed/32757355
http://doi.org/10.1556/004.2022.00004
http://doi.org/10.3201/eid1603.090443
http://doi.org/10.3390/microorganisms9050901
http://doi.org/10.1371/journal.pntd.0001186
http://doi.org/10.3390/microorganisms9122501
http://doi.org/10.1371/journal.pntd.0008664
http://doi.org/10.1007/s10493-011-9440-x
http://doi.org/10.4269/ajtmh.1997.57.578
http://doi.org/10.1128/AEM.00621-08
http://doi.org/10.1089/vbz.2016.1956
http://doi.org/10.1128/JCM.39.6.2237-2242.2001
http://doi.org/10.1128/JCM.41.9.4172-4177.2003
http://doi.org/10.1007/s004360050352
http://doi.org/10.1177/1098612X15593787
http://doi.org/10.1603/ME10240
http://doi.org/10.1128/JCM.41.3.1069-1072.2003
http://www.ncbi.nlm.nih.gov/pubmed/12624031
http://doi.org/10.1016/S0022-2836(05)80360-2
http://doi.org/10.1093/bioinformatics/11.6.621
http://www.ncbi.nlm.nih.gov/pubmed/8808578
http://doi.org/10.1093/molbev/mst197
http://www.ncbi.nlm.nih.gov/pubmed/24132122
http://doi.org/10.1093/bioinformatics/18.3.502

	Introduction 
	Results 
	Tick Samples and Molecular Detection of Bartonella spp. 
	Detection of Bartonella spp. in Human Blood and Blood from Non-Domiciliated Cats and Dogs 

	Discussion 
	Material and Methods 
	Ethics Statement 
	Biological Samples Collection 
	Cats and Dogs Whole Blood Sampling 
	Humans Whole Blood Sampling 
	Ticks 

	Cultivation of Bartonella from Dog and Human Blood Samples 
	DNA Extraction 
	Polymerase Chain Reaction (PCR) 
	PCR Inhibitors and DNA Integrity 
	Molecular Detection and Characterization of Bartonella spp. 
	Sequences and Phylogenetic Analysis 


	Conclusions 
	References

