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ABSTRACT
Background Ticks are vectors of disease- causing 
pathogens that pose a serious threat to animals and 
people. Dogs and cats are exposed to tick infestation in 
multiple ways and can easily transport infected ticks into 
domestic environments and potentially transfer them to 
people. Pet owners are at increased risk of picking up 
ticks from their pets and developing tickborne diseases. 
This study aims to detect the presence of pathogens of 
potential public health interest in ticks removed from cats 
and dogs in Tuscany, Italy.
Methods The collected ticks were screened for the 
presence of protozoan (Theileria species and Babesia 
species) and bacterial (Rickettsia species, Anaplasma 
species, Ehrlichia species, Chlamydia species, Bartonella 
species and Coxiella burnetii) pathogens using PCR.
Results PCR and sequencing analysis revealed that 3 
per cent of the ticks were PCR- positive for the presence 
of Rickettsia helvetica DNA, 5 per cent of ticks were 
PCR- positive for Bartonella henselae DNA, and 46 per 
cent of ticks were PCR- positive for Chlamydia psittaci 
and Chlamydia abortus DNA. None of the examined ticks 
was PCR- positive for Theileria species, Babesia species, 
Anaplasma species, Ehrlichia canis or Coxiella burnetii 
DNA.
Conclusion The results of this preliminary study highlight 
the importance of monitoring companion animals as 
indicators to evaluate the health status of their owners. 
Preventive measures are necessary to limit the spread of 
zoonotic pathogens from companion animals to people 
within the home environment.

INTRODUCTION
Ticks vector a wide variety of pathogens, 
including bacteria, viruses, protozoa and 
fungi, most of which have medical and veter-
inary importance.1 The range of emerging 
tickborne diseases (TBDs) affecting animals 
and people has been increasing in recent 
years, and physicians and veterinarians are 
focusing their attention on the management 
of these diseases.2

Climate change and landscape modifica-
tion as a result of human activity influence the 
abundance and distribution of tick species, 
and consequently the emergence/re- emer-
gence of TBDs.3 4 Companion animals that 

spend some time outdoors in peridomestic 
settings could be accidental hosts for several 
tick species and serve as a reservoir for some 
tickborne pathogens that can also affect 
people.3 In this context, pets can play a role 
in the spread of tickborne pathogens in urban 
areas and contribute to the epidemiology of 
TBDs in people.

Italian tick fauna comprises more than 40 
species, making it one of the most diverse 
across Europe.5 Ixodes ricinus, a three- host 
tick, is an important vector of Lyme disease 
as well as of other diseases of medical and 
veterinary importance.6 This tick species is 
the most abundant and widespread in central 
and northern Italy, in urban and periurban 
areas, and in all areas where humidity and 
temperature offer favourable environmental 
conditions for its development.7–10

The objective of this study was to evaluate 
both the presence of I ricinus ticks on cats 
and dogs presented at a veterinary clinic in 
central Italy and the pathogens associated 
with these ticks.

MATERIALS AND METHODS
Study area
Ticks were collected from infested dogs and 
cats from Le Grazie, a locality 20 km from 
Pistoia in central Italy. This area includes 
different habitat types, such as mountains, 
flat valleys and hills that are rich in farmlands, 
fields and grassland that are frequently used 
for human recreational activity.

Study design and tick collection
In September 2018, ticks were collected 
from 17 pets (two dogs and 15 cats) seen at a 
private veterinary clinic after parasite infesta-
tion. As reported by their owners, pets spent 
time outdoors and were kept indoors during 
the night. The pets showed no apparent clin-
ical signs at the time of sampling.
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All ticks found on the pets’ coats were removed with 
tweezers and placed in vials with 70 per cent ethanol at 
room temperature for submission to the laboratories of 
Experimental Zooprofilattico Institute of Sardinia. The 
ticks were then examined under a microscope and clas-
sified into family, genus and species using available taxo-
nomic keys and morphometric tables.11

DNA extraction
After microscopic identification, ticks were immersed 
in distilled water for 10 minutes, dried with sterile filter 
paper and crushed with a sterile scalpel in Eppendorf 
tubes (Eppendorf, Hilden, Germany). DNA was then 
extracted from each of the ticks using the DNeasy Blood 
& Tissue Kit (QIAGEN, Chatsworth, California, USA) 
according to the manufacturer’s instructions. DNA was 
stored at 4°C until use in PCR amplification assays.

Detection and characterisation of tickborne pathogens
The DNA samples from individual ticks were screened 
for the presence of Rickettsia species, Anaplasma species, 
Ehrlichia canis, Coxiella burnetii, Bartonella species, Chla-
mydia species and Babesia/Theileria species DNA using 
PCR. DNA extracted from uninfected ticks was used as 
a negative control and DNAs from Rickettsia massiliae, 
Anaplasma phagocytophilum, E canis, Babesia bovis, Chla-
mydia suis, Bartonella henselae and Coxiella burnetii were 
used as a positive control. The PCR primers and cycling 
conditions used were the same as those documented in 
previous studies.12–14

The reactions were performed in automated DNA 
thermal cyclers (GeneAmp PCR System 9700; Applied 
Biosystems, Courtaboeuf, France). PCR products were 
analysed by electrophoresis on 1.5 per cent agarose gels 
stained with SYBR Safe DNA Gel Stain (Thermo Fisher) 
and examined under UV transillumination. The PCR 
products were then purified using the QIAquick Spin 
PCR Purification Kit (QIAGEN).

Sequencing assays
All purified PCR products were sequenced in both 
directions using a DNA sequencing kit (dRhodamine 
Terminator Cycle Sequencing Ready Reaction; Applied 
Biosystems) and an ABI Prism BigDye terminator cycle 
sequencing ready reaction kit (Applied Biosystems, Foster 
City, California, USA), used according to the manufactur-
er’s instructions.

BLASTn and phylogenetic analyses
Chromatograms of forward and reverse sequences were 
edited with Chromas 2.2 (Technelysium, Helensvale, 
Australia) and then aligned with ClustalX15 to assign 
them to unique sequence types. The sequences were 
then checked against the GenBank database using nucle-
otide Basic Local Alignment Search Tool (BLASTn).16 
Pairwise/multiple sequence alignments and sequence 
similarities were calculated using ClustalW17 and the 
identity matrix options of BioEdit,18 respectively. Evolu-
tionary analyses were conducted in MEGA619 using the 

maximum likelihood method based on models identi-
fied as the best with the same software.20 21 The bootstrap 
consensus tree inferred from 1000 replicates is taken to 
represent the evolutionary history of the taxa analysed.22

Sequence accession numbers
The sequences of Rickettsia, Bartonella and Chlamydia 
species obtained in this investigation were deposited in the 
GenBank database with accession numbers MN209226–
MN209227 (B henselae 16S rRNA), MN203727–MN203728 
(C psittaci and C abortus 16S rRNA) and MN226407 
(Rickettsia gltA). All sequences were submitted using 
the National Center for Biotechnology Information 
(Bethesda, Maryland) BankIt V.3.0 submission tool 
(http:// www3. ncbi. nlm. nih. gov/ BankIt/).

RESULTS
Tick morphological identification and tickborne pathogens
A total of 37 ticks were identified by morphological keys 
as I ricinus, as shown in table 1. BLAST analyses of the 
PCR products obtained from these ticks revealed that 
one (3 per cent) rickettsial gltA gene sequence was iden-
tical to the top BLAST hit Rickettsia helvetica (KY488349) 
previously obtained from wild rodents in Poland.

Seventeen ticks (46 per cent), collected from 12 cats, 
were positive for the presence of chlamydial DNA. In 
particular, 16 sequences shared a unique sequence 
type that shared 100 per cent nucleotide identity with 
C abortus 16S rRNA previously reported from a dolphin 
(MH842741).

BLAST comparisons revealed that DNA from one tick 
from one cat had 100 per cent similarity with C psittaci 
strains collected from sheep, birds and cattle (CP041038, 
CP033059 and CP047319, respectively), indicating that 
the sequences detected potentially belong to strains 
related to this previously described chlamydial species. 
One sequence obtained from one tick showed 100 per 
cent identity with a C psittaci strain collected from birds 
(HQ616171) and identified as the closest match by 
nBLAST.

Two I ricinus ticks collected from one cat and one dog 
were positive for the presence of Bartonella species 16S 
rRNA gene DNA that shared 100 per cent similarity with B 
henselae strains isolated from people and cats (KY773227, 
KF419277, JN646650).

None of the collected ticks was positive for Anaplasma 
species, E canis, Coxiella burnetii or Babesia/Theileria 
species.

Mixed infections with B henselae/C abortus and B hense-
lae/C psittaci were recorded in two ticks.

Phylogenetic analyses
The phylogenetic study of the partial gltA gene was 
performed by aligning the sequence type Seq1Ric (found 
in one I ricinus tick from one cat) with selected Rickettsia 
reference sequences. Seq1Ric was located in the same 
clade as an R helvetica strain belonging to the spotted 
fever group Rickettsiae (figure 1).
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On sequencing and ClustalX alignment, 16S rRNA 
sequences were assigned to two different sequence types: 
Seq1Chl (derived from 16 sequences from I ricinus ticks 
from 12 cats) and Seq2Chl (derived from one I ricinus 
tick from one cat). The phylogenetic tree showed that 
the Seq1Chl and Seq2Chl sequence types were included 
in two strongly supported monophyletic clades with C 
abortus and C psittaci reference sequences, respectively 
(figure 2).

The unique sequence type Seq1Bart, obtained from the 
two Bartonella- positive sequences, was found to group with 
a reference strain representative of B henselae (figure 3).

DISCUSSION
This survey aimed to investigate the presence of ticks on 
dogs and cats living in an urban area near Pistoia, Tuscany 
(central Italy) and evaluate the pathogens of public health 
significance associated with these ticks. I ricinus was the 
only tick species detected on these pets, which is consistent 
with other studies carried out in central, northern and 
southern Italy that found that I ricinus is widely distrib-
uted through the Italian regions and dogs and cats are 
common hosts.23–27 Previous studies confirmed that I 
ricinus was the most abundant and common tick species 

Table 1 Number of tick species analysed, hosts, positive ticks tested for pathogens by PCR assays and BLAST analysis

Tick 
species
(n)

Animal 
hosts
(n)

Sex and engorgement 
status (n)

Pathogen detected 
(number of positive ticks) BLAST analysis

Ixodes 
ricinus (37)

Cats (15) Female PE (18) Bartonella henselae (1) B henselae (100%) isolated from people and cats from 
Korea, France and New Caledonia.

Rickettsia helvetica (1) R helvetica (100%) isolated from wild rodents and ticks 
from Poland, Russia and Hungary.

Chlamydia abortus (9) C abortus (100%) isolated from dolphins and sheep 
from Italy and the USA.Female E (8) Chlamydia abortus (2)

Female NE (4) Chlamydia abortus (4)

Male NE (4) Chlamydia abortus (1)
Chlamydia psittaci (1)

C psittaci (100%) from birds, sheep and cattle from 
Russia and the Faroe Islands.

Dogs (2) Female NE (2) – –

Female PE (1) Bartonella henselae (1) B henselae (100%) isolated from people and cats from 
Korea, France and New Caledonia.

BLAST, Basic Local Alignment Search Tool; E, engorged; NE, not engorged; PE, partially engorged.

Figure 1 Phylogenetic tree of Rickettsia helvetica detected in ticks based on partial gltA sequence gene. The evolutionary 
history was inferred by using the maximum likelihood method based on the Tamura three- parameter model. The analysis 
involved 19 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total of 711 
positions in the final data set. The numbers at the nodes indicate bootstrap values.
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in Tuscany. These ticks have been collected from lizards, 
mice and hunted wild animals,28–30 as well as migratory 
birds, reptiles, domestic animals, people and vegetation 
in northern and southern Italy.31–33

To the best of the authors’ knowledge, this is the first 
report of B henselae DNA being detected in I ricinus 
collected from cats and dogs in the locality of Le Grazie. 
B henselae, the causal agent of cat scratch disease, is a 
zoonotic pathogen transmitted to people through the 

bites of infected fleas or by scratches from infected cats 
and dogs—the primary reservoirs of the pathogen.34 35 
Although the cat flea (Ctenocephalides felis) is the primary 
vector of B henselae, evidence supports the transmission of 
Bartonella through many different species of ticks. Among 
them, I ricinus has been the focus of studies that support 
its involvement in B henselae transmission.36 37

DNA of different species of Bartonella has been detected 
in I ricinus collected from people, wild hosts and vege-
tation from northern and central Italy.32 38 In particular, 
B henselae DNA has been detected in I ricinus collected 
from people and vegetation in Italy.38 39 B henselae has also 
been detected in dogs and cats from central, southern 
and northern regions of Italy by serological and molec-
ular analyses.40–45

As the ticks in this study from which B henselae DNA 
was isolated were partially engorged, the authors cannot 
establish if the ticks transmitted the B henselae DNA to 
the pets or vice versa. As such, the vector competence 
of I ricinus for B henselae transmission cannot be deter-
mined. In addition, even though there is currently no 
evidence that ticks can transmit Bartonella to people 
through bites, the detection of B henselae in I ricinus 
indicates that preventive measures should be taken to 
reduce the risk of possible B henselae transmission to 
people.

This study also reports the detection of R helvetica DNA 
in I ricinus collected from a cat. This emerging human 
pathogen belongs to the spotted fever group Rickettsiae. I 
ricinus is the primary vector and reservoir of R helvetica,46 
and it has been documented in I ricinus ticks collected 
from people, vegetation, and domestic and wild animal 
hosts from northern, central and southern Italy.8 10 47–51 
However, there has been some debate on whether R 

Figure 2 Molecular phylogenetic analysis by maximum likelihood method based on the Kimura two- parameter model 
showing the relationship between the Chlamydiales strains obtained from ticks in this study and other nine nucleotide 
sequences representative of the Chlamydiaceae family. All positions containing gaps and missing data were eliminated. There 
were a total of 229 positions in the final data set. The numbers at the nodes indicate bootstrap values.

Figure 3 16S rRNA- based phylogenetic analyses of the 
sequence type generated in this study and of 12 sequences 
representative of the different species of the genus 
Bartonella. In this representative tree, evolutionary history 
was inferred using the maximum likelihood method based 
on the Kimura two- parameter model. All positions containing 
gaps and missing data were eliminated. There were a 
total of 280 positions in the final data set. The percentage 
of replicate trees in which the associated taxa clustered 
together in the bootstrap test is shown next to the branches.
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helvetica can be transmitted from the ticks to people and 
animals.

A mild form of rickettsiosis serologically attributed to R 
helvetica was found in people in northern Italy.51 However, 
the clinical importance of R helvetica in domestic animals, 
as well as whether dogs and cats can serve as a reservoir, 
is still unknown.52 A study conducted in Italy highlighted 
that R helvetica was frequently detected in the tick popu-
lation but not in canine blood samples.52 However, the 
serological prevalence of R helvetica was determined in 
cats and dogs in Sweden.53 The detection of R helvetica 
DNA in I ricinus collected from a cat indicates that 
pets could play a role in spreading infected ticks in the 
domestic environment.

Based on phylogenetic reconstruction following the 
maximum likelihood method, the Chlamydiales 16S 
rRNA genotypes identified in this study were associated 
with the Chlamydiaceae family, confirming the phylo-
genetic positioning of these two genetically distinct 
sequences. The phylogenetic analysis of the two 16S 
rRNA sequences against other sequences representa-
tive of species belonging to the family Chlamydiaceae 
suggests that the detected sequences unequivocally clus-
tered with C abortus and C psittaci strains.

This study reports the first detection of C abortus 
and C psittaci in I ricinus collected from cats. C abortus 
is a pathogen mainly of veterinary importance but also 
represents a zoonotic risk to people since it can colonise 
the human placenta and lead to fetal death and miscar-
riage.54–56 C psittaci strains have been recognised as causes 
of zoonotic infections such as avian chlamydiosis, epizo-
otic outbreaks in mammals and psittacosis.55 The occur-
rence of C psittaci infection in dogs and two children that 
lived with the infected dogs in Germany illustrated the 
zoonotic potential of the pathogen.57

The topic of other potential routes of Chlamydiales 
transmission, including the use of vectors, has been 
debated in recent years.58 59 Evidence exists to support 
the idea that ticks could be involved in the transmis-
sion of Chlamydiaceae, representing a potential source 
of infection for animals and people. Currently, there is 
no information about the presence of canine C abortus 
in Italian dogs. This is probably because the pathogen 
is rarely considered to be a cause of disease in these 
animals.54

In this study, it cannot be known if the pathogens 
detected in cats and their parasitising ticks shared the 
same genus within the Chlamydiaceae family. Further 
studies are needed to understand the role of ticks as 
a route of transmission for Chlamydiaceae species in 
people and animals. Since the ticks were collected from 
the hosts, no conclusions can be drawn regarding the 
circulation of C psittaci and C abortus within the I ricinus 
population as every detection can be the result of the 
ingestion of an infected blood meal.

In this preliminary study, the limited number of ticks 
collected from a very restricted geographical area does 
not allow estimation of the incidence of the zoonotic 

TBDs in this area. However, the detection of Bartonella, 
Rickettsia and Chlamydia species in I ricinus indicates 
that pets could present a risk to people by increasing 
the spread of potentially zoonotic pathogens carried by 
ticks. Further studies are needed to evaluate the role of 
companion animals in the transmission cycles of tick-
borne pathogens.

Contributors VC contributed to the design and implementation of the research, 
analysis of the results and writing of the manuscript. CF contributed to the 
morphological analyses of ticks and contributed to the final manuscript. GaM 
discussed the results and contributed to the final manuscript. BDA contributed to 
the final version of the manuscript. GiM was involved in planning and supervised 
the work.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the 
article or uploaded as supplementary information. Additional information (eg, 
protocols, materials used) are available upon request.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, an indication of whether changes were made, and the use is non- 
commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iD
Valentina Chisu http:// orcid. org/ 0000- 0003- 3907- 0463

REFERENCES
 1 Dantas- Torres F, Chomel BB, Otranto D. Ticks and tick- 

borne diseases: a one health perspective. Trends Parasitol 
2012;28:437–46.

 2 Wikel SK. Ticks and tick- borne infections: complex ecology, agents, 
and host interactions. Vet Sci 2018;5:60.

 3 Skotarczak B. The role of companion animals in the environmental 
circulation of tick- borne bacterial pathogens. Ann Agric Environ Med 
2018;25:473–80.

 4 Jaenson TGT, Eisen L, Comstedt P, et al. Risk indicators for the tick 
Ixodes ricinus and Borrelia burgdorferi sensu lato in Sweden. Med 
Vet Entomol 2009;23:226–37.

 5 Otranto D, Dantas- Torres F, Giannelli A, et al. Ticks infesting humans 
in Italy and associated pathogens. Parasit Vectors 2014;7:328.

 6 Sprong H, Azagi T, Hoornstra D, et al. Control of Lyme borreliosis 
and other Ixodes ricinus- borne diseases. Parasit Vectors 
2018;11:145.

 7 Capelli G, Ravagnan S, Montarsi F, et al. Occurrence and 
identification of risk areas of Ixodes ricinus- borne pathogens: a 
cost- effectiveness analysis in north- eastern Italy. Parasit Vectors 
2012;5:61.

 8 Maioli G, Pistone D, Bonilauri P, et al. Etiological [corrected] agents 
of rickettsiosis and anaplasmosis in ticks collected in Emilia- 
Romagna region (Italy) during 2008 and 2009. Exp Appl Acarol 
2012;57:199–208.

 9 Genchi C, Manfredi MT. Tick species infesting ruminants in Italy: 
ecological and bio- climatic factors affecting the different regional 
distribution. Parassitologia 1999;41(Suppl 1):41–5.

 10 Scarpulla M, Barlozzari G, Salvato L, et al. Rickettsia helvetica in 
Human- Parasitizing and Free- Living Ixodes ricinus from Urban and 
Wild Green Areas in the Metropolitan City of Rome, Italy. Vector 
Borne Zoonotic Dis 2018;18:404–7.

 11 Estrada- Peña A, Mihalca AD, Petney TN. Ticks of Europe and North 
Africa: a guide to species identification. Springer International 
Publishing, 2017: 404. ISBN: 978-3-319-63759-4.

 12 Chisu V, Alberti A, Zobba R, et al. Molecular characterization and 
phylogenetic analysis of Babesia and Theileria spp. in ticks from 
domestic and wild hosts in Sardinia. Acta Trop 2019;196:60–5.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-3907-0463
http://dx.doi.org/10.1016/j.pt.2012.07.003
http://dx.doi.org/10.3390/vetsci5020060
http://dx.doi.org/10.26444/aaem/93381
http://dx.doi.org/10.1111/j.1365-2915.2009.00813.x
http://dx.doi.org/10.1111/j.1365-2915.2009.00813.x
http://dx.doi.org/10.1186/1756-3305-7-328
http://dx.doi.org/10.1186/s13071-018-2744-5
http://dx.doi.org/10.1186/1756-3305-5-61
http://dx.doi.org/10.1007/s10493-012-9535-z
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/11071542
http://dx.doi.org/10.1089/vbz.2017.2235
http://dx.doi.org/10.1089/vbz.2017.2235
http://dx.doi.org/10.1016/j.actatropica.2019.05.013


Open access

6 Chisu V, et al. Vet Rec Open 2020;7:e000395. doi:10.1136/vetreco-2020-000395

 13 Chisu V, Foxi C, Mannu R, et al. A five- year survey of tick species 
and identification of tick- borne bacteria in Sardinia, Italy. Ticks Tick 
Borne Dis 2018a;9:678–81.

 14 Chisu V, Foxi C, Tanda A, et al. Molecular evidence of Chlamydiales 
in ticks from wild and domestic hosts in Sardinia, Italy. Parasitol Res 
2018b;117:981–7.

 15 Larkin MA, Blackshields G, Brown NP, et al. Clustal W and Clustal X 
version 2.0. Bioinformatics 2007;23:2947–8.

 16 Altschul SF, Gish W, Miller W, et al. Basic local alignment search tool. 
J Mol Biol 1990;215:403–10.

 17 Thompson JD, Higgins DG, Gibson TJ. CLUSTAL W: improving 
the sensitivity of progressive multiple sequence alignment through 
sequence weighting, position- specific gap penalties and weight 
matrix choice. Nucleic Acids Res 1994;22:4673–80.

 18 Hall TA. BioEdit: a user- friendly biological sequence alignment editor 
and analysis program for windows 95/98/NT. Nucleic Acids Symp 
Ser 1999;41:95–8.

 19 Tamura K, Stecher G, Peterson D, et al. MEGA6: molecular 
evolutionary genetics analysis version 6.0. Mol Biol Evol 
2013;30:2725–9.

 20 Tamura K. Estimation of the number of nucleotide substitutions 
when there are strong transition- transversion and G+C- content 
biases. Mol Biol Evol 1992;9:678–87.

 21 Kimura M. A simple method for estimating evolutionary rates of base 
substitutions through comparative studies of nucleotide sequences. 
J Mol Evol 1980;16:111–20.

 22 Felsenstein J. Confidence limits on phylogenies: an approach using 
the bootstrap. Evolution 1985;39:783–91.

 23 Stefanetti V, Morganti G, Veronesi F, et al. Exposure of owned dogs 
and feeding ticks to spotted fever group rickettsioses in central Italy. 
Vector Borne Zoonotic Dis 2018;18:704–8.

 24 Morganti G, Gavaudan S, Canonico C, et al. Molecular survey on 
Rickettsia spp., Anaplasma phagocytophilum, Borrelia burgdorferi 
sensu lato, and Babesia spp. in Ixodes ricinus ticks infesting dogs in 
central Italy. Vector Borne Zoonotic Dis 2017;17:743–8.

 25 Pennisi M- G, Persichetti M- F, Serrano L, et al. Ticks and associated 
pathogens collected from cats in Sicily and Calabria (Italy). Parasit 
Vectors 2015;8:512.

 26 Maurelli MP, Pepe P, Colombo L, et al. A national survey of Ixodidae 
ticks on privately owned dogs in Italy. Parasit Vectors 2018;11:420.

 27 Salvatore D, Aureli S, Baldelli R, et al. Molecular evidence of 
Leishmania infantum in Ixodes ricinus ticks from dogs and cats, in 
Italy. Vet Ital 2014;50:307–12.

 28 Amore G, Tomassone L, Grego E, et al. Borrelia lusitaniae in 
immature Ixodes ricinus (Acari: Ixodidae) feeding on common wall 
lizards in Tuscany, central Italy. J Med Entomol 2007;44:303–7.

 29 Ebani VV, Bertelloni F, Turchi B, et al. Molecular survey of tick- borne 
pathogens in ixodid ticks collected from hunted wild animals in 
Tuscany, Italy. Asian Pac J Trop Med 2015;8:714–7.

 30 Ragagli C, Bertolotti L, Giacobini M, et al. Transmission dynamics 
of Borrelia lusitaniae and Borrelia afzelii among Ixodes ricinus, 
lizards, and mice in Tuscany, central Italy. Vector Borne Zoonotic Dis 
2011;11:21–8.

 31 Pajoro M, Pistone D, Varotto Boccazzi I, et al. Molecular screening 
for bacterial pathogens in ticks (Ixodes ricinus) collected 
on migratory birds captured in northern Italy. Folia Parasitol 
2018;65:2018.

 32 Baráková I, Derdáková M, Selyemová D, et al. Tick- borne pathogens 
and their reservoir hosts in northern Italy. Ticks Tick Borne Dis 
2018;9:164–70.

 33 Scarpulla M, Barlozzari G, Marcario A, et al. Molecular detection 
and characterization of spotted fever group rickettsiae in ticks from 
central Italy. Ticks Tick Borne Dis 2016;7:1052–6.

 34 Álvarez- Fernández A, Breitschwerdt EB, Solano- Gallego L. 
Bartonella infections in cats and dogs including zoonotic aspects. 
Parasit Vectors 2018;11:624.

 35 Chen T- C, Lin W- R, Lu P- L, et al. Cat scratch disease from a 
domestic dog. J Formos Med Assoc 2007;106:S65–8.

 36 Medlock JM, Hansford KM, Bormane A, et al. Driving forces for 
changes in geographical distribution of Ixodes ricinus ticks in 
Europe. Parasit Vectors 2013;6:1.

 37 Regier Y, Ballhorn W, Kempf VAJ. Molecular detection of Bartonella 
henselae in 11 Ixodes ricinus ticks extracted from a single cat. 
Parasit Vectors 2017;10:105.

 38 Sanogo YO, Zeaiter Z, Caruso G, et al. Bartonella henselae in 
Ixodes ricinus ticks (Acari: Ixodida) removed from humans, Belluno 
province, Italy. Emerg Infect Dis 2003;9:329–32.

 39 Ciceroni L, Pinto A, Ciarrocchi S, et al. Bartonella infections in Italy. 
Clin Microbiol Infect 2009;15(Suppl 2):108–9.

 40 Pinna Parpaglia ML, Masu G, Masala G, et al. Seroprevalence of 
Bartonella henselae in dogs and cats in Sassari. Vet Res Commun 
2007;31(Suppl 1):317–20.

 41 Diniz PPVP, Billeter SA, Otranto D, et al. Molecular documentation 
of Bartonella infection in dogs in Greece and Italy. J Clin Microbiol 
2009;47:1565–7.

 42 Di Francesco A, Sanguinetti V, Gallina L, et al. Prevalence 
of antibodies to Bartonella henselae in dogs in Italy. Vet Rec 
2007;161:489–90.

 43 Pennisi MG, La Camera E, Giacobbe L, et al. Molecular 
detection of Bartonella henselae and Bartonella clarridgeiae 
in clinical samples of pet cats from southern Italy. Res Vet Sci 
2010;88:379–84.

 44 Ciceroni L, Fabbi M, Ciarrocchi S, et al. Characterization of the first 
Bartonella henselae strain isolated from a cat in Italy. Comp Immunol 
Microbiol Infect Dis 2002;25:217–28.

 45 Ebani VV, Bertelloni F, Fratini F. Occurrence of Bartonella henselae 
types I and II in Central Italian domestic cats. Res Vet Sci 
2012;93:63–6.

 46 Speck S, Kern T, Aistleitner K, et al. In vitro studies of Rickettsia- 
host cell interactions: Confocal laser scanning microscopy of 
Rickettsia helvetica- infected eukaryotic cell lines. PLoS Negl Trop 
Dis 2018;12:e0006151.

 47 Mancini F, Ciccozzi M, Lo Presti A, et al. Characterization of spotted 
fever group Rickettsiae in ticks from a city park of Rome, Italy. Ann 
Ist Super Sanita 2015;51:284–90.

 48 Floris R, Yurtman AN, Margoni EF, et al. Detection and identification 
of Rickettsia species in the Northeast of Italy. Vector Borne Zoonotic 
Dis 2008;8:777–82.

 49 Beninati T, Lo N, Noda H, et al. First detection of spotted fever 
group rickettsiae in Ixodes ricinus from Italy. Emerg Infect Dis 
2002;8:983–6.

 50 Portillo A, Santibáñez S, García-Álvarez L, et al. Rickettsioses in 
Europe. Microbes Infect 2015;17:834–8.

 51 Fournier P- E, Allombert C, Supputamongkol Y, et al. Aneruptive 
fever associated with antibodies to Rickettsia helvetica in Europe 
and Thailand. J Clin Microbiol 2004;42:816–8.

 52 Boretti FS, Perreten A, Meli ML, et al. Molecular investigations of 
Rickettsia helvetica infection in dogs, foxes, humans, and Ixodes 
ticks. Appl Environ Microbiol 2009;75:3230–7.

 53 Elfving K, Malmsten J, Dalin A- M, et al. Serologic and 
Molecular Prevalence of Rickettsia helvetica and Anaplasma 
phagocytophilum in Wild Cervids and Domestic Mammals 
in the Central Parts of Sweden. Vector Borne Zoonotic Dis 
2015;15:529–34.

 54 Essig A, Longbottom D. Chlamydia abortus: new aspects of 
infectious abortion in sheep and potential risk for pregnant women. 
Curr Clin Microbiol Rep 2015;2:22–34.

 55 Opota O, Jaton K, Branley J, et al. Improving the molecular 
diagnosis of Chlamydia psittaci and Chlamydia abortus infection 
with a species- specific duplex real- time PCR. J Med Microbiol 
2015;64:1174–85.

 56 Baud D, Greub G. Intracellular bacteria and adverse pregnancy 
outcomes. Clin Microbiol Infect 2011;17:1312–22.

 57 Sprague LD, Schubert E, Hotzel H, et al. The detection of 
Chlamydophila psittaci genotype C infection in dogs. Vet J 
2009;181:274–9.

 58 Burnard D, Weaver H, Gillett A, et al. Novel Chlamydiales genotypes 
identified in ticks from Australian wildlife. Parasit Vectors 2017;10:46.

 59 Pilloux L, Aeby S, Gaümann R, et al. The high prevalence and 
diversity of Chlamydiales DNA within Ixodes ricinus ticks suggest a 
role for ticks as reservoirs and vectors of Chlamydia- related bacteria. 
Appl Environ Microbiol 2015;81:8177–82.

http://dx.doi.org/10.1016/j.ttbdis.2018.02.008
http://dx.doi.org/10.1016/j.ttbdis.2018.02.008
http://dx.doi.org/10.1007/s00436-018-5772-3
http://dx.doi.org/10.1093/bioinformatics/btm404
http://dx.doi.org/10.1016/S0022-2836(05)80360-2
http://dx.doi.org/10.1093/nar/22.22.4673
http://dx.doi.org/10.1093/molbev/mst197
http://dx.doi.org/10.1093/oxfordjournals.molbev.a040752
http://dx.doi.org/10.1007/BF01731581
http://dx.doi.org/10.1111/j.1558-5646.1985.tb00420.x
http://dx.doi.org/10.1089/vbz.2018.2303
http://dx.doi.org/10.1089/vbz.2017.2154
http://dx.doi.org/10.1186/s13071-015-1128-3
http://dx.doi.org/10.1186/s13071-015-1128-3
http://dx.doi.org/10.1186/s13071-018-2994-2
http://dx.doi.org/10.12834/VetIt.83.1222.2
http://dx.doi.org/10.1603/0022-2585(2007)44[303:BLIIIR]2.0.CO;2
http://dx.doi.org/10.1016/j.apjtm.2015.07.033
http://dx.doi.org/10.1089/vbz.2008.0195
http://dx.doi.org/10.14411/fp.2018.008
http://dx.doi.org/10.1016/j.ttbdis.2017.08.012
http://dx.doi.org/10.1016/j.ttbdis.2016.06.003
http://dx.doi.org/10.1186/s13071-018-3152-6
http://dx.doi.org/10.1016/S0929-6646(09)60356-9
http://dx.doi.org/10.1186/1756-3305-6-1
http://dx.doi.org/10.1186/s13071-017-2042-7
http://dx.doi.org/10.3201/eid0903.020133
http://dx.doi.org/10.1111/j.1469-0691.2008.02186.x
http://dx.doi.org/10.1007/s11259-007-0056-x
http://dx.doi.org/10.1128/JCM.00082-09
http://dx.doi.org/10.1136/vr.161.14.489
http://dx.doi.org/10.1016/j.rvsc.2009.11.005
http://dx.doi.org/10.1016/S0147-9571(02)00013-9
http://dx.doi.org/10.1016/S0147-9571(02)00013-9
http://dx.doi.org/10.1016/j.rvsc.2011.07.013
http://dx.doi.org/10.1371/journal.pntd.0006151
http://dx.doi.org/10.1371/journal.pntd.0006151
http://dx.doi.org/10.4415/ANN_15_04_07
http://dx.doi.org/10.4415/ANN_15_04_07
http://dx.doi.org/10.1089/vbz.2008.0006
http://dx.doi.org/10.1089/vbz.2008.0006
http://dx.doi.org/10.3201/eid0809.020600
http://dx.doi.org/10.1016/j.micinf.2015.09.009
http://dx.doi.org/10.1128/JCM.42.2.816-818.2004
http://dx.doi.org/10.1128/AEM.00220-09
http://dx.doi.org/10.1089/vbz.2015.1768
http://dx.doi.org/10.1007/s40588-015-0014-2
http://dx.doi.org/10.1099/jmm.0.000139
http://dx.doi.org/10.1111/j.1469-0691.2011.03604.x
http://dx.doi.org/10.1016/j.tvjl.2008.04.002
http://dx.doi.org/10.1186/s13071-017-1994-y
http://dx.doi.org/10.1128/AEM.02183-15

	Detection of potentially pathogenic bacteria from Ixodes ricinus carried by pets in Tuscany, Italy
	Abstract
	Introduction
	Materials and methods
	Study area
	Study design and tick collection
	DNA extraction
	Detection and characterisation of tickborne pathogens
	Sequencing assays
	BLASTn and phylogenetic analyses
	Sequence accession numbers

	Results
	Tick morphological identification and tickborne pathogens
	Phylogenetic analyses

	Discussion
	References


