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Climate change is causing many vectors of infectious diseases to expand their geographic distribution as well as
the pathogens they transmit are also conditioned by temperature for their multiplication. Within this context, it is
worth highlighting the significant role that fleas can play as vectors of important pathogenic bacteria. For this
purpose, our efforts focused on detecting and identifying a total of 9 bacterial genera (Rickettsia sp.; Bartonella
sp.; Yersinia sp.; Wolbachia sp., Mycobacterium sp., Leishmania sp., Borrelia sp., Francisella sp. and Coxiella sp.)
within fleas isolated from domestic and peridomestic animals in the southwestern region of Spain (Andalusia).
Over a 19-months period, we obtained flea samples from dogs, cats and hedgehogs. A total of 812 fleas was
collected for this study. Five different species were morphologically identified, including C. felis, C. canis,
S. cuniculi, P. irritans, and A. erinacei. Wolbachia sp. was detected in all five species identified in our study which a
total prevalence of 86%. Within Rickettsia genus, two different species, R. felis and R. asembonensis were mainly
identified in C. felis and A. erinacei, respectively. On the other hand, our results revealed a total of 131 fleas
testing positive for the presence of Bartonella sp., representing a prevalence rate of 16% for this genus identifying
two species B. henselae and B. clarridgeiae. Lastly, both Y. pestis and L. infantum were detected in DNA of P. irritans
and C. felis, respectively isolated from dogs. With these data we update the list of bacterial zoonotic agents found
in fleas in Spain, emphasizing the need to continue conducting future experimental studies to assess and confirm
the potential vectorial role of certain synanthropic fleas.

1 Introduction

Climate change, coupled with the overall increase in temperatures, is
causing many vectors of infectious diseases to expand their geographic
distribution to areas where they historically had not been developed. It
is important to consider that the majority of known vectors are arthro-
pods, and they directly depend on the ambient temperature to regulate
their vital functions. Climate change is leading to an average increase in
annual temperatures, much more pronounced during winter tempera-
tures. With shorter winters, the onset of their presence is advancing, and
their entry into hibernation is delayed, significantly extending their
period of activity, which makes it possible for them to have more gen-
erations during that time. Additionally, not only does temperature in-
fluence the vectors, but the pathogens they transmit are also conditioned
by temperature for their multiplication. The higher temperatures
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shorten the multiplication cycle of pathogens, facilitating the emergence
of diseases in areas where previously the vectors were unable to transmit
pathogens due to inadequate temperatures for pathogen multiplication
within the vector [1-4].

Spain is one of the regions in the world where the effects of climate
change and its close relationship with the expansion of significant vec-
tors and the diseases they transmit can already be observed. In Spain,
between 1970 and 2000, there has been a general increase in the
average annual temperature of almost 2°C, with the most evident
warming occurring during winter. Additionally, there has been a sig-
nificant increase in the number of days with maximum temperatures
exceeding 25°C, indicating a trend towards heatwaves. In the projected
scenarios for this 21st century, an increase of 0.4°C per decade is ex-
pected during winter and 0.6-0.7°C in summer [1,5]. On the other hand,
there are several examples in Spain that illustrate an expansion of the
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distribution area of certain vectors and their pathogens associated with
this temperature increase. For example, the ceratopogonid Culicoides
imicola, the most important vector of viral diseases in livestock, such as
bluetongue and African horse sickness viruses, several species of the
genus Phlebotomus that transmit Leishmania infantum, and especially
exotic invasive Aedine mosquitoes that are reaching the Old Continent,
such as Aedes atropalpus or Aedes triseratus [6-10]. We also should
highlight the case of the Crimean-Congo hemorrhagic fever (CCHF), a
tickborne viral disease caused by the CCHF virus. This is considered an
emerging infectious disease in Spain because of the expanding distri-
bution of its main vector, ticks of the genus Hyalomma, therefore,
recently, the epidemiologic pattern of CCHF in Spain has been assessed
based on occasional cases with an elevated mortality rate in the last ten
years [11].

Within this context, it is worth highlighting the significant role that
fleas can play as vectors of important pathogenic bacteria, some of
which caused significant global outbreaks, such as plague caused by the
gram-negative bacterium Yersinia pestis or murine typhus caused by
infection with Rickettsia typhi [12]. The ability of fleas to serve as vectors
for emerging diseases has also been demonstrated, such as spotted fever
caused by Rickettsia felis [13] or various bartonelloses [14]. Particularly,
Bartonella henselae and Bartonella clarridgeiae are considered the main
causative agents of cat scratch disease, while Bartonella quintana, Bar-
tonella elizabethae, or Bartonella koehlerae have been related to human
and animal endocarditis in several countries [15,16]. In spite of that,
although the list of flea species found naturally infected with various
species of Bartonella continues to grow, much remains to be learned
about the role of fleas as truly vectors of these pathogens [12,17]. On the
other hand, although Rickettsioses and Bartonelloses are the most
common genera of bacteria found or transmitted by fleas, other patho-
gens have been detected in fleas such as Coxiella burnetii [18],
L. infantum [19], Francisella tularensis [20], Mycobacterium sp. [17], or
Borrelia burgdorferi [21].

Therefore, numerous species of fleas are known to transmit various
infectious diseases, and every day, more studies are being published
detecting numerous pathogenic bacteria in different flea species where
they had never been detected before, raising concerns about the possible
implication of these species in the transmission of certain pathogenic
bacteria [12,22,23]. In this regard, special attention should be given to
those flea species that parasitize domestic and peridomestic animals and
have a close relationship with humans, whether it is within the house-
hold, workplace, or even during leisure activities [24-26]. Moreover,
epidemiological data is still missing for several flea species which may
play an important role in the transmission of zoonotic vector borne
pathogens [17]. Therefore, understanding and mitigating the potential
health risks to humans associated with these fleas become of vital
importance.

Taking these precedents as a starting point, the main objective of our
study was to detect the presence and assess the prevalence of numerous
pathogenic bacteria, the transmission of which could be linked to species
within the Order Siphonaptera. For this purpose, our efforts focused on
detecting and identifying a total of 9 bacterial genera (Rickettsia sp.;
Bartonella sp.; Yersinia sp.; Wolbachia sp., Mycobacterium sp., Leishmania
sp., Borrelia sp., Francisella sp. and Coxiella sp.) within fleas isolated from
domestic and peridomestic animals in the southwestern region of Spain
(Andalusia).

2 Material and methods
2.1 Ethical statement, sample collection and morphological identification

Over a 19-months period, we obtained flea samples from 182 dogs
(Canis lupus familiaris), 78 cats (Felis silvestris catus) and one hedgehog
(Erinaceus europaeus) that coexisted with other dogs. To collect fleas
from all these hosts, we contacted various veterinary clinics, veterinary
hospitals, pet shelters and some pet owners. To conduct our study, we
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contacted a total of 145 veterinary clinics and 30 pet shelters and ken-
nels. Out of these, 18 centers agreed to collaborate in the collection of
samples (see Acknowledgements). They all participated in this sampling
voluntarily. Only animals parasitized by fleas were sampled. Veterinary
practitioners performed an initial inspection of dogs and cats brought to
their practices. Each pet was inspected for fleas and examined by a
veterinarian who recorded clinical signs related to flea infestation. Adult
flea counts on dogs and cats were conducted as described in the World
Association for the Advancement of Veterinary Parasitology (WAAVP)
guidelines [27]. Briefly, dogs and cats were combed over the entire body
with a fine-toothed comb for 5-10 min. The fleas obtained from
hedgehogs were collected from an individual that was found killed on
the road during the sampling period. Then it was moved to our lab where
fleas were removed from the hedgehogs using topical antiparasitic
sprays and gently shaking the animal over the white sheet of paper. No
specific approval of any Institutional Animal Care and Use Committee
were needed in this study since no anesthesia substances were applied
for animal handling procedures.

All veterinary centers and individuals that participated in our study
were located in the Western region of Andalusia, Spain, specifically in
different towns in the provinces of Seville, Cadiz, Cérdoba and Huelva
(Table 1) (Fig. 1). Within the province of Seville, fleas were collected
from a total of 30 different localities; whereas, in Cérdoba, Huelva, and
Cadiz, the number of localities included in this study was 5, 14, and 2,
respectively (Table 1).

The sample collection period took from late June 2021 to January
2023. Veterinarian practitioners used to send fleas collected every three
months from infested dogs and cats visiting the veterinary clinic and
hospitals. Furthermore, the collaborating pet shelters and kennels sent
their samples every 2-3 months, and sometimes even more frequently
when they encountered a host with a high infestation rate. For each
parasitized host, an epidemiological survey was completed, including
the following information: Geographical origin, breed, age, sex, rural or
urban habitat, type of animal’s dwelling (domestic, stray hosts, wild/
feral, farm, house with garden, apartment or others), health status,
cohabiting or not with other animals, host activities, and the total
number of collected fleas. All captured fleas from each infested host
were transferred to a small plastic 1.5 ml tube containing 96% ethanol
until processing. Then in our lab, fleas were sexed and identified to
species using a CX21 microscope (Olympus, Tokyo, Japan). Diagnostic
morphological characters of all the samples were studied by comparison
with figures, keys, and descriptions reported by Hopkins and Rothschild
[28] and Beaucournu and Launay [29].

2.2 Molecular detection of pathogens

After morphological identification, total DNA of each flea sample
was extracted from fleas using the DNeasy Blood and Tissue Kit (Qiagen)
according to the manufacturer’s protocol. Then, genomic DNA was
checked using an electrophoresis in 0.8% agarose gel electrophoresis
infused with SYBR Safe and was either immediately used or stored at
—20°C until use.

Quantitative PCR was individually performed according to the
manufacturer’s protocol using a PCR detection system: a CFX Connect™
Real-Time (Bio-Rad) using iTaq Universal probes supermix (Bio-Rad)
and IDT Prime time® standard qPCR assay (Integrated DNA Technolo-
gies). The qPCR reaction contained 1 pl of IDT Prime time® standard
gqPCR assay containing 500 nM of each primer and 250 nM of probe,
10 pl of iTaq Universal probes supermix (Bio-Rad), 3.5 pl of sterile
distilled water, 0.5 pl of Uracil-DNA-glycosylase (UDG) and 5 pl of the
DNA extract. The cycling protocol used for qPCR analysis was described
by Diarra et al. [30], using it for all the qPCR assays conducted in this
study. All samples were screened using primers and probes targeting
specific sequences of the following microorganisms: Rickettsia spp.,
R. felis, R. typhi, Wolbachia sp., Borrelia spp., Bartonella spp., B. henselae,
B. quintana, C. burnetii, L. infantum, Y. pestis, F. tularensis and
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Table 1
Species, geographical origin, gender and hosts of the total flea samples collected
in this study. N= Total number of hosts.

Species Locality/province Number of fleas Hosts (N)
(female/male)
Archaeopsylla Dos Hermanas, Sevilla 14 (8/6) Hedgehog

erinacei (€D)]

Dos Hermanas, Sevilla 23 (15/8) Dogs (3)
Fuente Palmeras, 2(1/1)
Coérdoba
Total: 39 (24/15)
Pulex irritans Cazalla de la sierra, 5(5/0) Dogs (21)
Sevilla
Alcala del Rio, Sevilla 8(5/3)
Cantillana, Sevilla 4(3/1)
Arahal, Sevilla 1(0/1)
Aguadulce, Sevilla 2 (2/0)
Herrera, Sevilla 1(0/1)
Jabugo, Huelva 2(2/0)
Galaroza, Huelva 6 (4/2)
Ayamonte, Huelva 1(0/1)
Fuente Palmeras, 14 (7/7)
Cérdoba
Total: 44 (28/16)
Spilopsyllus Fuente Palmeras, 10 (6/4) Cat (1)
cuniculi Cérdoba
Total: 10 (6/4)
Ctenocephalides Cazalla de la sierra, 3(2/1) Dogs (4)
canis Sevilla
El Repilado, Huelva 2(1/1)
Galaroza, Huelva 1(1/0)
Total: 6 (4/2)
Ctenocephalides Sevilla, Dos Hermanas 8 (4/9) Cats (77)
felis Sevilla, Sevilla 85 (65/20)
Tomares, Sevilla 25 (20/5)
Valencina de la 7 (6/1)
Concepcion, Sevilla
Aznalcazar, Sevilla 1(1/0)
Alcala de Guadaira, 6 (5/1)
Sevilla
Brenes, Sevilla 1(1/0)
Espartinas, Sevilla 1(1/0)
Ecija, Sevilla 13 (11/2)
Lantejuela, Sevilla 7 (6/1)
El Viso del Alcor, Sevilla 3(3/0)
Tocina, Sevilla 1(1/0)
Los Rosales, Sevilla 1(0/1)
La Puebla del Rio, 41 (34/7)
Sevilla
Montequinto, Sevilla 2 (2/0)
El Puerto de Santa 10 (7/3)
Maria, Cadiz
Galaroza, Huelva 2(1/1)
Huelva, Huelva 1(1/0)
Minas de Rio Tinto, 1(1/0)
Huelva
Nerva, Huelva 2(1/1)
Ayamonte, Huelva 12 (12/0)
Fuente Palmeras, 11 (8/3)
Coérdoba
Posadas, Cérdoba 30 (26/4)
Total: 271 (217/
54)
Sevilla, Sevilla 5(3/2) Dogs (162)
Tomares, Sevilla 1(1/0)
San Juan de 1(1/0)
Aznalfarache, Sevilla
Palomares, Sevilla 29 (19/10)
Cazalla de la sierra, 30 (21/9)
Sevilla
El Pedroso, Sevilla 4(2/2)
Constantina, Sevilla 6 (3/3)
Alcala del Rio, Sevilla 1(1/0)
El Viso del Alcor, Sevilla 8 (6/2)
Pilas, Sevilla 42 (36/6)
Carri6n de los Céspedes, 1(1/0)

Sevilla
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Table 1 (continued)

Species Locality/province Number of fleas Hosts (N)

(female/male)

Huévar del Aljarafe, 1(1/0)

Sevilla

Villamanrique de la 1(1/0)

Condesa, Sevilla

Arahal, Sevilla 4 (0/4)

Ecija, Sevilla 20 (16/4)

Aguadulce, Sevilla 1(0/1)

Marinaleda, Sevilla 1(1/0)

Estepa, Sevilla 12 (10/2)

San Fernando, Cadiz 2(2/0)

El Puerto de Santa 55 (42/13)

Maria, Cadiz

Galaroza, Huelva 5(4/1)

Jabugo, Huelva 1(1/0)

Fuenteheridos, Huelva 2 (2/0)

Aldjar, Huelva 18 (9/9)

Santa Ana la Real, 2(0/2)

Huelva

Higuera de la Sierra, 6 (5/1)

Huelva

Cortegana, Huelva 8 (4/4)

Campofrio, Huelva 1(1/0)

Nerva, Huelva 5(2/3)

Minas de Rio Tinto, 3 (3/0)

Huelva

Ayamonte, Huelva 21 (18/3)

Sanlicar de Guadiana, 1(1/0)

Huelva

Fuente Palmeras, 85 (68/17)

Coérdoba

Posadas, Cérdoba 44 (31/13)

Almoddvar del Rio, 9(7/2)

Coérdoba

Rivero de Posadas, 4 (3/1)

Cérdoba

La Carlota, Cérdoba 2(2/0)
Total: 442 (328/
114)

Mycobacterium spp. As qPCR positive controls, we designed a specific
gBlock Gene Fragment (Integrated DNA Technologies) for each of the
target pathogenic bacteria, except for the detection of Wolbachia sp.,
Rickettsia spp. and Bartonella spp. For these latter cases, we utilized
positive DNA flea samples available in our laboratory from previously
studies. On the other hand, for each assay, as negative controls we used
5 pl of sterile distilled water replacing the DNA extract. The primers,
probes and the targeted sequences used to detect each pathogen by
real-time quantitative PCR are summarized in Table 2. For all samples
tested by qPCR, only those with a cycle threshold (Ct) value lower than
33 were considered positive. The Bartonella spp.-positive samples that
were negative for B. henselae- and B. quintana-specific qPCRs were
subsequently subjected to standard PCR (amplifying °$-23S ribosomal
RNA Intergenic Spacer) prior to sequencing in order to obtain identifi-
cation to the species level. The same protocol was carried out for Rick-
ettsia spp., but two different genes (citrate synthase (gltA) and 23S-°S
ribosomal RNA Intergenic Spacer) were tested in standard PCR in order
to avoid false positives, thus only the samples positive for one of these
two genes were considered positive. A thermal cycler (Eppendorf AG;
Eppendorf, Hamburg, Germany) was used to amplify the target se-
quences prior to sequencing. Details about the primers and conditions
used for standard PCR in this study are also listed in Table 2. The PCR
products were checked on SYBR Safe stained 2% Tris-borate— ethyl-
enediaminetetraacetic acid (TBE) agarose gels. PCR products were pu-
rified using the QWizard SV Gel and PCR Clean-Up System Kit (Promega,
Madison, WI, U.S.A.). Once purified, these products were sent to the
commercial company Stab Vida (Lisbon, Portugal) for sequencing pro-
cess. We separately sent purified PCR products and 20 pl of 100 pM of
each pair of primers (see Table 2) for each molecular marker. Sanger
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Fig. 1. Overview of the sampling locations in the four Andalusian provinces of Spain: Cadiz (Green spots), Cérdoba (Red spots), Huelva (Yellow spots), Sevilla (Blue
spots). Map edited using the application “~MyMaps-Google Maps (https://www.google.es/maps), *~Map data ©2023 Google.

sequencing was carried out using an automatic LI-COR ® DNA
sequencer. Sequences were aligned with the MUSCLE alignment method
(Edgar, 2004) in MEGA, version 5.2 [36]. Alignment settings comprised
a gap open = —400.00, a gap extend = 0.0, an UPGMA (Unweighted Pair
Group Method with Arithmetic Mean) as a cluster method and a mini-
mum Diagonal length = 24. Finally, the sequences were compared with
sequences available in the GenBank database using the BLAST algorithm
(http://blast.ncbi.nlm. nih.gov/Blast.cgi).

3 Results
3.1 Morphological identification

A total of 812 fleas was collected for this study. Five different species
were morphologically identified, including Ctenocephalides felis, Cteno-
cephalides canis, Spilopsyllus cuniculi, Pulex irritans, and Archaeopsylla
erinacei (Table 1) (Fig. 2). The majority species was C. felis with a total of
713 collected specimens, which accounted for 88% of the total fleas
obtained. The next most abundant species was P. irritans, with a total of
44 collected fleas (5% of the total). Lastly, the remaining species iden-
tified were A. erinacei with 39 collected specimens, 10 fleas classified as
S. cuniculi, and 6 fleas as C. canis, which accounted for 5%, 1%, and 1%,
respectively of the total fleas collected (Table 1). Of all the fleas
collected from cats, 96% of them (n=271) were identified as belonging
to the species C. felis, while the remaining fleas were attributed to the
species S. cuniculi. On the other hand, from the fleas collected from dogs,
a total of four species were identified (C. felis, C. canis, P. irritans, and
A. erinacei), with C. felis being the predominant species, representing
85% of all fleas isolated from dogs. It is noteworthy that A. erinacei was
the only flea species isolated from the hedgehog analyzed in our study
(Table 1). Regarding the number of parasitized host animals, samples
were obtained from a total of 261 different hosts. Of these, 69.7%
(n=182) were dogs, while 29.9% (n=78) were cats, and the remaining
samples were obtained from a single hedgehog. Out of the total of 812
fleas obtained, 75% of them (n=608) were females, while 25% (n=204)
were identified as males (Table 1).

3.2 Molecular detection of microorganisms

All fleas were individually tested to assess the prevalence of known
vector-borne microorganisms using molecular methods (Table 3). All
the samples showed qPCR negative results for the presence of R. typhi,
B. quintana, F. tularensis, Mycobacterium spp., C. burnetii and Borrelia spp.
Using qPCR approaches, the endosymbiont Wolbachia sp. was detected
in all five species identified in our study. In general, a total of 702 fleas
tested positive for the presence of this endosymbiont, which corresponds
to a total prevalence rate of 86%, while if we analyzed these results by
species, the percentages obtained in most cases were quite high, ranging
from 40% observed in the case of the species S. cuniculi to 100%
observed in P. irritans (Table 3). Analyzing the prevalence based on the
sex of the assessed fleas, it was observed that the presence of Wolbachia
sp. was higher in females (94%) than in males (64%).

Regarding to Rickettsia spp., a total of 181 samples were positive for
this bacterial genus, corresponding with a total prevalence of 22%.
Within this genus, two different species, R. felis and R. asembonensis,
were detected. R. felis was primarily detected using qPCR techniques;
however, in some cases, species-level detection could only be achieved
through the amplification and sequencing of the 22S-°S ribosomal RNA
Intergenic Spacer using standard PCR techniques. In these cases,
different BLAST analysis were carried out showing a percentage of
identity of 100% with a reference sequence of R. felis (GenBank acces-
sion number: KF245441). R. felis was detected with a percentage of
prevalence of 34% in C. felis isolated from cats, 12% in C. felis isolated
from dogs, and 1% in A. erinacei collected from dogs. On the other hand,
R. asembonensis was exclusively detected by standard PCR in the species
A. erinacei, isolated from both hedgehogs and dogs with very high per-
centages of prevalence (100% and 92%, respectively) (Table 3). The
molecular detection of this species was carried out amplifying and
sequencing at least one of the both molecular markers citrate synthase
(gltA) gene and 2°5-5S ribosomal RNA Intergenic Spacer. BLAST analysis
were carried out showing a percentage of identity of 100% with a
reference sequence of R. asembonensis (GenBank accession numbers:
CP116496 and MN003394). All the Rickettsia spp. sequences obtained in
this study are now available in GenBank database (GenBank Accession
numbers: OR523789, OR523790, OR523791, OR523792 and
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Table 2

Primers, probes and targeted sequences used for real-time quantitative and
standard PCR in this study. Fwd: Forward primer; Rvs: Reverse primer; Pb:
Probe.

qPCR
Microorganism  Targeted Primers and probes

sequence
Rickettsia spp. Citrate synthase Fwd: RickgltaF:

(gltA) 5GTGAATGAAAGATTACACTATTTAT 3

Rvs: RickgltaR:
S5GTATCTTAGCAATCATTCTAATAGC 3

Pb: RickgltaP:
5CTATTATGCTTGCGGCTGTCGGTTC 3

[31]

R. felis Phosphatase gene  Fwd: 5 GGCGTAGTTCTGAGCGAATAA 3

Rvs: 5"ATTCTTGGTCCCACGGATAAC 3

Pb: 5
CTCATCAATTTCACCGATGGTTGCACC 3

(Designed in this study)
Hypothetical Fwd: 5 TGCTTCCTCTACTGTATCATATTG 3

protein

R. typhi
Rvs: 5 GCAGAGCATAACATCTCTTCTAA 3
Pb: 5 TGCTTCTCGTGCTTCAGATTCGTGT 3
(Designed in this study)

Fwd: BartoITS2F:
5GATGCCGGGGAAGGTTTTC 3

Bartonella spp. 1TS2

Rvs: BartoITS2R:
5GCCTGGGAGGACTTGAACCT 3

Pb: BartoITS2P:
5GCGCGCGCTTGATAAGCGTG 3

[32]

B. henselae Hemin binding Fwd: 5 TGGCGGTGGTGTTGATTT 3
protein A (hbpA)

Rvs: 5GCTCAGTTCGCTTCCTTTCT 3

Pb: 5 TGCGTGCAGAATACCGTTACTCAGA
3

(Designed in this study)

B. quintana Hypothetical Fwd: 5’ ATAGCGGAGTTCAATCTTCCAG 3
protein

Rvs: 5" AGGATGTAGGTTCAAGCAAGAG 3
Pb: 5 TCGATCATCAAACCGTTGCCGACA 3

(Designed in this study)
Borrelia spp. 16S Fwd: 5 CGAGCGTTGTTCGGGATTAT 3
Rvs: 5 CCAACATAGGTCCACAGTTGAG 3
Pb: 5’ ATCCGCCTACTCACCCTTTACGC 3

(Designed in this study)
Wolbachia sp. 23S Fwd: Wol16SF: 5CCAGCAGCCGCGGTAAT 3
Rvs: Wol16SR: 5CGCCCTTTACGCCCAAT 3

Pb: Wol16SP:
5CGGAGAGGGCTAGCGTTATTCGGAATT 3

[33]
Minicircle Fwd: 5 GTGTGTGGGATTGGTAGTAGTG 3
kinetoplast
sequence

L. infantum

Rvs: 5GTCCGATACGTCAGCACATT 3

Comparative Immunology, Microbiology and Infectious Diseases 107 (2024) 102153

Table 2 (continued)

qPCR
Microorganism  Targeted Primers and probes
sequence
Pb: 5 ATTGGGTTGCCGTGATTTGCCTTC 3
(Designed in this study)
C. burnetii IS1111 gene Fwd: 5 GAAGCCGATAGCCCGATAAG 3

Rvs: 5 GAAAGCGGTTGCATTCGTATATC 3
Pb: 5 ATTCATCAAGGCACCAATGGTGGC 3

(Designed in this study)

Mycobacterium ITS Fwd: 5 GGCGTGTTCTTTGTGCAATA 3

spp.
Rvs: 5 CGTCCTTCATCGGCTCTC 3’
Pb: 5 TAAGTGTCTAAGGGCGCATGGTGG 3
(Designed in this study)
Y. pestis pla gene Fwd: 5’ ACAGCAGGATATCAGGAAACAC 3
Rvs: 5 CCTATTACCCGCACTCCTTTC 3
Pb: 5 ACCACCTGTAGCTGTCCAACTGAAAC
3
(Designed in this study)
F. tularensis yqaB gene Fwd: 5
GCTGATGATAATCACCCGAGTAAAA 3
Rvs: 5 TCCTGGAACACCATCTTCAAAAA 3
Pb: 5°CCCCAAGGCGTTTACTTTGATCGCA 3
(Designed in this study)
Standard PCR
Bartonella spp. 16g_23g Fwd: URBartol: 5
ribosomal RNA CTTCGTTTCTCTTTCTTCA 3
Intergenic
Spacer Rvs: URBarto2: 5
CTTCTCTTCACAATTTCAAT 3
Primers and PCR conditions defined by
Rolain et al. [32]
Rickettsia spp. 23g_5g Fwd: RCK/23-5F: 5
ribosomal RNA GATAGGTCRGRTGTGGAAGCAC 3
Intergenic
Spacer Rvs: RCK/23-5R: 5

TCGGGAYGGGATCGTGTGTTTC 3

Primers and PCR conditions defined by Jado

et al. [34]
citrate synthase Fwd: RpCS.877p: 5
(gltA) GGGGGCCTGCTCACGGCGG 3

Rvs: RpCS.1258 n: 5
ATTGCAAAAAGTACAGTGAACA 3

Primers and PCR conditions defined by
Regnery et al. [35]

OR523793).

Our study revealed a total of 131 fleas testing positive for the pres-
ence of Bartonella sp., representing a prevalence rate of 16% for this
genus within our study. Using qPCR and standard PCR (only for 3 qPCR
Bartonella spp.-positive samples) methods, we detected the species
B. henselae exclusively in C. felis. The prevalence of this pathogenic
species was slightly higher in specimens isolated from cats (7%) than in
those isolated from dogs (1%). On the other hand, through the ampli-
fication and sequencing of the 185-23S ribosomal RNA Intergenic Spacer,
we detected the species B. clarridgeiae just in 75 specimens of C. felis,
representing a prevalence rate of 11% for this bacterium in this flea
species. If we delve deeper, we find that the prevalence of this bacterial
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Fig. 2. Photos of flea species identified in this study. A. Female of A. erinacei. B. Female of C. canis. C. Female of S. cuniculi. D. Female of C. felis. E. Female

of P. irritans.
Table 3
Percentage of microorganism-positive fleas detected by qPCR and standard PCR in this study.
Wolbachia sp. R. felis R. Bartonella B. henselae  B. Y. pestis L. infantum
asembonensis spp- clarridgeiae
C. felis collected from cats 243/271 92/271 3/271 (1%) 19/271 61/271(23%)
(90%) (34%) (7%)
C. felis collected from dogs 381/442 51/442 26/442 (6%) 4/442 (1%) 14/442 (3%) - 2/442
(86%) (12%) (0,5%)
P. irritans collected from dogs 44/44 (100%) 3/44 (7%) - - 1/44
(2%)

S. cuniculi collected from cats

A. erinacei collected from
hedgehogs

A. erinacei collected from dogs

C. canis collected from dogs

4/10 (40%)
8/14 (57%)

17/25 (68%)
5/6 (83%)

1/25 (4%)

14/14 (100%)

23/25 (92%)

1/14 (7%) -

species was higher in C. felis isolated from cats (23%) than in those
isolated from dogs (3%) (Table 3). BLAST analysis was carried out using
the Bartonella-ITS sequences obtained showing a percentage of identity
of 100% with a reference sequence of B. clarridgeiae (GenBank accession
number: AF167989) and a percentage of identity of 100% with a
reference sequences of B. henselae (GenBank accession numbers:
JN646684 and AJ439688). Unfortunately, we were not able to amplify
the ITS region of 33 qPCR Bartonella spp.-positive samples, thus, in these
cases we did not manage to identify these pathogens at species level
(Table 3). All the Bartonella spp. sequences obtained in this study are
now available in GenBank database (GenBank accession numbers:
OR505861, OR505862, OR505863 and OR505864).

One of the pathogenic bacteria detected in our study was Y. pestis.
This species was exclusively found in a specimen of P. irritans. This
specimen was isolated from a healthy 4-month-old puppy dog in Estepa
(Seville, Spain), which was living as a companion animal on a farm with
no other animals in proximity. Additionally, through our study, we were
also able to detect the presence of L. infantum in two fleas identified as
C. felis isolated from two different dogs. From the epidemiological study

conducted on each of the hosts, it was observed that both dogs origi-
nated from Puerto de Santa Marfa (Cadiz) and Sevilla. One of them was a
healthy companion dog living in an urban environment (house with a
garden), while the second one was also a companion dog in an urban
setting but, upon initial veterinary analysis, showed some general
weakness and significant signs of dermatitis.

4 Discussion

Of all the zoonotic bacterial agents analyzed in our study, only six of
them were not detected in any of the fleas under investigation (R. typhi,
B. quintana, F. tularensis, Mycobacterium spp., C. burnetii and Borrelia
spp.). In spite of that, as we mentioned in the introduction section, all
these bacterial species have previously been detected in various flea
species in different geographic regions [17-21]. Therefore, we should
not rule out the potential vectorial role that Siphonaptera specimens
could play in the transmission of these pathogenic agents among animals
and humans. On the other hand, we must always consider some limi-
tations, such as, the possibility of false negatives in this kind of study and
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the fact that the prevalence of certain pathogenic bacteria in vector
arthropods can vary considerably depending on the species and
geographic area under study.

In our study, we have once again confirmed the widespread presence
of the endosymbiont Wolbachia sp. within numerous species of the Order
Siphonaptera. This bacterial genus has been detected with high preva-
lence values in many flea genera and species such as C. felis [37-39],
C. canis [40], P. irritans [40,41], A. erinacei [42], Ctenophthalmus spp.
[17], Tunga penetrans [43], Xenopsylla spp. [41,44], Nosopsyllus spp. [17,
44] or Echidnophaga gallinacea [45]. As far as we know, in this study we
detected for the first time Wolbachia sp. in S. cuniculi, supporting the
hypothesis of Gorham et al. [45] and Dittmar & Whiting [41] who
considered Wolbachia sp. as a common symbiont related with Siphon-
aptera Order. Furthermore, it was observed that the prevalence per-
centage for this endosymbiont was much higher in females, with values
closed to 100%, than in males. These results align with those observed in
subsequent studies [37,42,45], highlighting a higher prevalence of
infestation by Wolbachia sp. in female fleas compared to what is
observed in males. Although this bacterium is not considered a patho-
genic agent, it has had considerable interest due to the ability of this
bacterium to manipulate the reproduction of its hosts, influencing crit-
ical processes such as sex determination, cell cycle and speciation [46,
47]. These effects on its host can include parthenogenesis, feminization,
male killing and sperm egg cytoplasmic incompatibility (CI). Further, a
mutualistic relationship between Wolbachia sp. and some host species
has also been described [48]. All these remarkable characteristics have
placed it in a position of honor in biological research, not only in basic
science but also in applied fields, as it possesses several properties that
mark it as a potential tool for the control of pest insect populations and
disease vectors [49]. However, the role and influence of the presence of
Wolbachia sp. in flea biology still remain unclear. Therefore, some au-
thors have recently conducted various experimental studies that have
either refuted or at least failed to substantiate various traditionally
accepted hypotheses such as that the interaction with the endosymbiont
is not obligatory for either female or male hosts; there is no evidence for
fitness advantages for female hosts carrying the endosymbiont; or there
is no indication for reproductive manipulation inducing female-biased
sex ratio [50,51]. In this sense, further studies should be carried out in
order to clarify the role of this endosymbiont in the biology of fleas and
other arthropods.

R. felis is another common pathogenic bacterium found in fleas from
domestic and peridomestic animals. This species is responsible for a
characteristic symptoms illness in humans causing fever, fatigue,
headache, and generalized maculopapular rash and inoculation eschar
[52] as well as it is considered an emerging disease [53,54]. Its
description and identification as the etiological agent occurred in the
early 1990 s, when it was observed, by the first time, by transmission
electron microscopy in various tissues of C. felis [55] and nowadays it
has been considered an important neglected agent of fever in
sub-Saharan Africa [13]. Currently, dogs and cats are suspected of
serving as reservoir hosts for R. felis whereas, the cat flea C. felis (cat flea)
is still considered the primary vector in the transmission of this bacterial
agent [53,56]. Although R. felis has been detected in numerous flea
species such as A. erinacei, P. irritans, Xenopsylla cheopis or Leptopsylla
segnis [54] its vectorial role in the transmission of this pathogen has not
yet been confirmed through experimental techniques in these species.
Our study confirms that R. felis is well established as a common path-
ogen in C. felis in southwestern Spain, with detection rates of up to 34%
in specimens isolated from cats. These data coincide with those pub-
lished by other authors in Andalusian region (South of Spain) [17,57]
and other regions of the world [54] highlighting the need to control the
increase in flea infestation in domestic animals that have close contact
with humans. It has been widely proved that exposure to companion
animals and their ectoparasites, especially fleas, is a common risk factor
associated with R. felis rickettsiosis and direct contact with flea infested
dogs and cats has been reported in several cases with patients described
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flea bites three-four days before fever onset [58-61]. In direct correla-
tion with our study, it is worth mentioning that conducted by
Bernabeu-Wittel et al. [60]. These authors carried out a large-scale
serological study in patients from the province of Seville (South-
western of Spain) to detect possible past infections with R. felis, R. typhi,
and R. conorii. They observed a prevalence of 6.5% of past infections due
to R. felis in the study area, especially in people who had close contact
with dogs and cats, either due to their lifestyle or occupational activity.
Additionally, our study, in accordance with others formerly published
[17,62,63], once again confirmed the presence of R. felis in the species
A. erinacei in south of Europe. While this flea species is considered a
specific parasite of hedgehogs, it can also infest dogs and cats that share
habitats with them, as demonstrated in our study. For this reason, the
control of peridomestic animals and their ectoparasites should also be
considered when establishing control and prophylaxis measures to
prevent the spread of these rickettsioses among the humans and their pet
populations that may have some contact with them.

The other Rickettsia species detected in the present study was
R. asembonensis, a Gram negative, obligate intracellular bacteria
grouped with other R. felis-like organisms (RFLO) or the spotted fever
group rickettsiae (SFGR) together with R. felis and “Candidatus Rickettsia
senegalensis”. The RFLOs and SFGRs are genetically related to R. felis but
consist of a unique group of rickettsiae that are associated with various
arthropods for which knowledge of their biology and pathogenicity is
limited and not always available [64,65]. While the pathogenicity and
biology of R. felis have been extensively studied, little is still known
about the symptoms and lesions caused by R. asembonensis or “Candi-
datus Rickettsia senegalensis” can induce in humans and other hosts.
These three SFGR agents have worldwide distribution, are often sym-
patric and most often found parasitizing cat and dog fleas [64]. Thus,
R. asembonensis has mainly been detected worldwide in recent years in
the DNA of fleas of the species C. felis in Asia [66], America [67,68] or
Africa [69]. Although most studies have been focused in C. felis, it has
also been detected in several flea genera and species, mainly belonging
to Pulicidae and Ceratophyllidae families for example: Ctenocephalides
(C. felis, C. canis, and C. orientis); Xenopsylla (X. cheopis, X. ramesis, and
X. gerbilli); Archaeopsylla (A. erinacei); Pulex (P. irritans); Ceratophyllus
(C. fasciatus) or Nosopsyllus (N. laeviceps) [64]. Despite its wide distri-
bution, as far as we know, to date, only one study has reported the
presence of this pathogen in fleas in Europe [70]. These authors detected
this pathogenic bacterium in fleas of the species A. erinacei isolated from
wild hedgehogs from Portugal, with a total prevalence of 47%. Our re-
sults are perfectly in agreement with those provided by Barrada et al.
[70] since we detected the presence of R. asembonensis in A. erinacei
isolated from both hedgehogs and dogs, with very high prevalence rates
(100% and 92%, respectively). These results constitute the first evidence
of the presence of R. asembonensis in fleas in Spain. Furthermore, the
high prevalence rates obtained suggest that R. asembonensis could be
well-established in A. erinacei in the southern region of Spain, with
hedgehogs being the primary reservoir for this pathogen. It’s worth
noting that many of these infected fleas were isolated from dogs that
coexisted with hedgehogs and other animals in urban or rural areas.
Therefore, future studies are necessary to confirm the role of dogs as
reservoirs for this rickettsiosis and to investigate whether other common
flea species found on domestic and peridomestic animals, such as C. felis,
C. canis, or P. irritans, may be involved in the maintenance and spread of
this pathogenic bacteria in this geographical area.

The Bartonella genus has always been closely linked to fleas from a
medical and epidemiological perspective because many diseases trans-
mitted by these hematophagous arthropods are primarily caused by
numerous species of this bacterial genus [71]. These infections can
result in significant complications such as endocarditis, bacillary
angiomatosis, peliosis hepatis, chronic bacteremia, chronic lymphade-
nopathy, or neurological disorders [72]. Currently, it is known that fleas
are the main vector in the transmission of important bartonelloses such
as the well-known Cat Scratch Disease (CSD) caused by B. henselae or
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Trench Fever caused by B. quintana. Furthermore, in recent years, the
number of Bartonella species detected in different flea species continues
to increase, with notable ones including B. clarridgeiae, Bartonella gra-
hamii, B. taylorii, and B. elizabethae [73-75]. The studies conducted in
Spain regarding the presence and distribution of Bartonella sp. have
provided very interesting data so far. These studies have yielded valu-
able information regarding both, the number of flea species that could
act as vectors, and the potential mammals that could serve as reservoirs,
thereby promoting the maintenance and distribution of various barto-
nelloses in this country and the entire geographic region it encompasses
[17,76-79]. In Andalusia (Southern Spain), Marquez et al. [76] and
Marquez [80] detected the presence of B. henselae and B. clarridgeiae in
the DNA of C. felis; Bartonella alsatica in S. cuniculi; and even amplified
and sequenced the ITS of Bartonella in the DNA of P. irritans, which
showed a 99% similarity with Bartonella rochalimae. Recently, in this
same region, Zurita et al. [17] detected the presence of Bartonella sp. in
the species P. irritans with a prevalence close to 9%. However, these last
authors were unable to reach a species-level identification. In the same
way, unfortunately in our study, we also encountered the inability to
achieve species-level diagnosis. Thus, a total of 33 DNA samples from
fleas of the species C. felis, P. irritans, and A. erinacei tested positive for
Bartonella spp. using qPCR techniques; however, they yielded negative
results when attempted to amplify and sequence the ITS using standard
PCR techniques. This fact could be explained by the higher sensitivity of
qPCR compared to standard PCR, specially using low-concentrated DNA
[81]. In our study, we observed significantly different prevalence per-
centages for the two Bartonella species identified. These ranged from 1%
for B. henselae in DNA from C. felis isolated from dogs to 23% prevalence
observed for the species B. clarridgeiae in C. felis isolated from cats. It
should be highlighted the higher prevalence observed for this bacteria
species in C. felis isolated from cats compared to those isolated from
dogs. This epidemiological patterns observed for B. clarridgeiae has
indeed been documented in other studies [73,82], indicating a greater
distribution of this pathogenic species in cats compared to dogs. Based
on your results, it can be confirmed that various species of the genus
Bartonella could continue to spread in Southern Spain among different
species of fleas that parasitize our pets, with cats possibly serving as the
main reservoir for these infections and the cat flea (C. felis) as the main
vector. The detection of B. henselae and B. clarridgeiae, both causative
agents of significant bartonelloses, should alert us to the need for control
and prophylaxis measures to prevent infestation of our pets by various
flea species that could be involved in the transmission of these bacterial
agents, not only among domestic and peridomestic mammals but also
potentially to humans with whom they may have close contact.
Human leishmaniosis caused by L. infantum is an important health
problem worldwide. In Spain, traditionally, human leishmaniosis was
primarily associated with children, but after the implementation of
control programs, the number of cases was greatly reduced [83].
However, some outbreaks have been reported since then in this country,
for example during the 1980 s, the outbreak of coinfection with HIV led
to a large epidemic of cases associated with L. infantum infection ac-
counting for the highest number of cases of coinfection in Europe
[84-86]. Another famous outbreak took place in the southwestern re-
gion of Madrid (Central Spain), from 2009 to 2014, where an unusual
increase in human leishmaniosis cases was reported, considering, to this
date, as the largest outbreak of human leishmaniosis registered in
Europe [85,87]. In that case a significant increase in vector densities was
linked with an increase in the populations of hares and rabbits as a
consequence of landscape modifications [88]. In spite of that, in Spain,
canine leishmaniosis is still endemic with dogs remain as the main do-
mestic reservoir of L. infantum, playing a key role in its transmission
practically all over the country [89]. In this context, some authors have
investigated the possible vectorial role or direct influence that certain
ectoparasites of dogs, such as fleas and ticks, could play in the mainte-
nance and transmission of leishmaniasis [90,91]. A few studies have
been published so far, where the presence of L. infantum has been
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detected in fleas of the species C. felis and C. canis in different geographic
regions from Brazil and Iran [19,92,93]. On the other hand, Ferreira
et al. [93] conducted various experimental studies with hamsters and
parasitized dogs, suggesting that even fleas could effectively transmit
leishmaniasis from one host to another. However, it was not clear
whether the parasite could survive inside the flea and in these hosts. This
topic remains controversial today, and Otranto & Danta-Torres [94],
ruled out this possibility but mentioned that further research would be
required in the future to investigate the potential vectorial role of fleas
as transmitters of L. infantum. To the best of our knowledge, this study
represents the first attempt to detect the presence of L. infantum in
various species of fleas in Spain parasitizing domestic and peridomestic
animals. Our results confirmed the presence of this parasite in the spe-
cies C. felis isolated from dogs, as might be expected based on previous
research and given that Spain is an endemic area. In agreement with
Otranto & Danta-Torres [94], further experimental studies should be
conducted to confirm or discard the vectorial capacity of these ecto-
parasites as vectors of leishmaniasis, with the aim of adopting possible
future containment and control measures, especially in endemic areas
like Spain.

The last pathogenic bacterium detected in our epidemiological study
was Y. pestis, a gram-negative bacillus that may occasionally be trans-
mitted from rodents to humans causing Bubonic plague as the most
common clinical presentation among humans [95]. Human plague cases
are often preceded by epizootics when large numbers of susceptible
rodents die of infection and fleas seek human hosts [12]. Therefore,
conducting surveillance for Y. pestis circulation in animals and fleas
could be useful for monitoring the risk of plague transmission to humans
[96]. For that reason, a large group of flea species have been confirmed
as plague vectors by experimental methods in endemics area. These flea
species included synanthropic fleas as C. felis, P. irritans and E. gallinaceaj
[12,95]. Although fleas have been considered the main vectors of
host-to-human transmission, this may depend on different contexts. For
example, rats and fleas were found to be effective vectors in India in the
past, but this pattern could not be applied to effective reservoirs and
vectors in most recent plague outbreaks. For example, the plague in the
United States seems to be linked mainly to squirrels or chipmunks
whereas in North Africa and the Middle East, outbreaks are related to the
consumption of poorly cooked meat from camels or goats [97]. Our
study represents the first evidence of the presence of Y. pestis in fleas in
Europe. In this case, we experimentally demonstrated the presence of
this bacterium in the species P. irritans isolated from dogs. This fact holds
significant epidemiological importance, considering that P. irritans is a
species whose vector capacity in the transmission of plague has been
previously demonstrated in North America [98] as well as, another
authors suggests that inter-human transmission through ectoparasites
(P. irritans and Pediculus humanus) may have played a predominant role
during the historical Black Death Pandemic [95,99]. On the other hand,
recently, Yue and Lee [100] concluded that France, Italy, and Spain are
expected to face increased risk of plague outbreak or rodent-borne dis-
ease outbreak in 2021-2050 because of existing climate change
specially focused on the rising trend of drought in Europe in terms of its
magnitude, duration, and spatial extent.

The present work demonstrates that the presence of certain infec-
tious agents in fleas, along with the demonstration of their vectorial role
in the transmission of numerous diseases, underscores once again the
importance of this group of arthropods for both human and animal
health. In this regard, the number of pathogenic bacteria detected, the
number of potential flea species implicated in their transmission, and
the emergence of new potential endemic areas continue to increase year
after year. This further emphasizes the need to implement control and
prophylaxis measures to prevent infestation of our pets by these ecto-
parasites, as well as limiting contact with infested areas or environments
favorable to fleas. Additionally, these studies reinforce the need to
further delve into providing new updated data that allow us to confirm
the possibility that fleas may play an active vectorial role in the
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transmission of certain diseases such as leishmaniasis.
5 Conclusions

In the present study, a comprehensive epidemiological investigation
was conducted to determine the prevalence of certain pathogenic bac-
teria that could be transmitted by different species of fleas commonly
parasitizing domestic and peridomestic animals with a close relationship
to humans in Spain. In total, five different species of fleas were identi-
fied, and assays were conducted to detect the presence of species
belonging to a total of 9 bacterial genera that can potentially cause
zoonotic infectious diseases in humans, varying in severity depending on
the pathogenic species or the immune status of the affected host. Lastly,
the list of bacterial agents found in fleas in Spain has been updated,
emphasizing the need to continue conducting future experimental
studies to assess and confirm the potential vectorial role that certain
synanthropic fleas like C. felis, A. erinacei, C. canis, S. cuniculi, or
P. irritans could have in this geographical area.

Funding

This research was funded by a project from the Junta de Andalucia,
European Regional Development Fund (FEDER) (Ref. P20_00544).

Ethical Statement

All procedures performed in studies did not involve human partici-
pants, neither animal experimentation and does not require the approval
of animal ethics committee.

CRediT authorship contribution statement

Cristina Cutillas: Conceptualization, Formal analysis, Funding
acquisition, Project administration, Resources, Supervision, Validation,
Visualization, Writing — review & editing. Ignacio Trujillo: Data cura-
tion, Formal analysis, Investigation, Methodology, Software. Antonio
Zurita: Conceptualization, Formal analysis, Investigation, Resources,
Software, Supervision, Validation, Visualization, Writing — original
draft, Writing — review & editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

We would like to express our gratitude to those participating veter-
inary clinics and pet shelters and kennels for their continued support and
timely submission of samples, which greatly contributed to the success
of our study. Veterinary clinics: El acuario, Ayamonte, Huelva; Animal-
Vetx El Saladillo, Huelva; Cuenca minera, Minas de Rio Tinto, Huelva;
Consultorio veterinario Galaroza, Galaroza, Huelva; Roncal, Pilas, Sevilla;
Mascotasalud, Tomares, Sevilla; Ronda de capuchinos, Vilovet, Cazalla de
la Sierra, Sevilla; Taxana, Los Rosales, Sevilla; Sobrino E Illescas, Ecija,
Sevilla; SyR, Estepa, Sevilla; Alfavet, Fuente Palmeras, Cérdoba; Mas-
covet, Posadas, Cordoba; El Pinar, Puerto de Santa Maria, Cadiz; El Par-
que, San Fernando, Cadiz; Pet shelters and kennels: Mascotomares,
Tomares, Sevilla; Arca, Sevilla; Sociedad protectora de animales y plantas,
Sevilla.

Comparative Immunology, Microbiology and Infectious Diseases 107 (2024) 102153
References

[1] A. Iriso Calle, R. Bueno Mari, E. De las Heras, J. Lucientes, R. Molina, Cambio
climatico en Espana y su influencia en las enfermedades de transmision vectorial,
Rev. Salud Amb. 17 (2017) 70-86.

[2] C. Caminade, K.M. McIntyre, A.E. Jones, Impact of recent and future climate
change on vector-borne diseases, Ann. N. Y Acad. Sci. 1436 (1) (2019) 157-173,
https://doi.org/10.1111/nyas.13950.

[3] R. Tidman, B. Abela-Ridder, R.R. de Castaneda, The impact of climate change on
neglected tropical diseases: a systematic review, Trans. R. Soc. Trop. Med Hyg.
115 (2) (2021) 147-168, https://doi.org/10.1093/trstmh/traal92.

[4] M.C. Thomson, L.R. Stanberry, Climate Change and Vector borne Diseases,

N. Engl. J. Med 387 (21) (2022) 1969-1978, https://doi.org/10.1056/
NEJMra2200092.

[5] F.J. Ayala-Carcedo, La realidad del Cambio climdtico en Espana y sus principales
impactos ecoldgicos y socioeconémicos, Tecnoambiente 143 (2004) 37-41.

[6] A.M. Aransay, J.M. Testa, F. Morillas-Marquez, J. Lucientes, P.D. Ready,

Distribution of sandfly species in relation to canine leishmaniasis from the Ebro

Valley to Valencia, northeastern Spain, Parasitol. Res 94 (6) (2004) 416-420,

https://doi.org/10.1007/s00436-004-1231-4.

R. Eritja, R. Escosa, J. Lucientes, E. Marqués, R. Molina, D. Roiz, S. Ruiz,

Worldwide invasion of vector mosquitoes: present European distribution and

challenges for Spain, 1, Biol. Invasions 7 (2005) 87-97, https://doi.org/10.1007/

5s10530-004-9637-6.

[8] B.V.Purse, P.S. Mellor, D.J. Rogers, A.R. Samuel, P.P. Mertens, M. Baylis, Climate
change and the recent emergence of bluetongue in Europe, Nat. Rev. Microbiol 3
(2) (2005) 171-181, https://doi.org/10.1038/nrmicro1090.

[9] R. Sobrino, E. Ferroglio, A. Oleaga, et al., Characterization of widespread canine
leishmaniasis among wild carnivores from Spain, Vet. Parasitol. 155 (3-4) (2008)
198-203, https://doi.org/10.1016/j.vetpar.2008.05.003.

[10] European Centre for Disease Prevention and Control (ECDC), Guidelines for the
Surveillance of Invasive Mosquitoes in Europe, ECDC,, Stockholm, 2012. (https
://www.ecdc.europa.eu/en/publications-data/guidelines-surveillance-invasive-
mosquitoes-europe) (accessed 5 September 2023).

[11] H.M. Lorenzo Juanes, C. Carbonell, B.F. Sendra, et al., Crimean-Congo
Hemorrhagic Fever, Spain, 2013-2021, Emerg. Infect. Dis. 29 (2) (2023)
252-259, https://doi.org/10.3201/eid2902.220677.

[12] R.J. Eisen, K.L. Gage, Transmission of flea-borne zoonotic agents, Annu Rev.
Entomol. 57 (2012) 61-82, https://doi.org/10.1146/annurev-ento-120710-
100717.

[13] P. Parola, Rickettsia felis: from a rare disease in the USA to a common cause of
fever in sub-Saharan Africa, Clin. Microbiol Infect. 17 (7) (2011) 996-1000,
https://doi.org/10.1111/j.1469-0691.2011.03516.x.

[14] 1. Bitam, K. Dittmar, P. Parola, M.F. Whiting, D. Raoult, Fleas and flea-borne
diseases, Int J. Infect. Dis. 14 (8) (2010) e667-e676, https://doi.org/10.1016/].
1jid.2009.11.011.

[15] B.B. Chomel, R.W. Kasten, C. Williams, A.C. Wey, J.B. Henn, R. Maggi,

S. Carrasco, J. Mazet, H.J. Boulouis, R. Maillard, E.B. Breitschwerdt, Bartonella
endocarditis: a pathology shared by animal reservoirsand patients, Ann. N. Y
Acad. Sci. 1166 (2009) 120-126, https://doi.org/10.1111/j.1749-
6632.2009.04523.x.

[16] L. Guptill, Bartonellosis, Vet. Microbiol 140 (2010) 347-359.

[17] A. Zurita, L. Benkacimi, K. El Karkouri, C. Cutillas, P. Parola, M. Laroche, New
records of bacteria in different species of fleas from France and Spain, Comp.
Immunol. Microbiol Infect. Dis. 76 (2021) 101648, https://doi.org/10.1016/j.
cimid.2021.101648.

[18] A. Psaroulaki, D. Chochlakis, I. Ioannou, E. Angelakis, Y. Tselentis, Presence of
Coxiella burnetii in fleas in Cyprus, Vector Borne Zoonotic Dis. 14 (9) (2014)
685-687, https://doi.org/10.1089/vbz.2013.1399.

[19] F.A. Colombo, R.M. Odorizzi, M.D. Laurenti, E.A. Galati, F. Canavez, V.L. Pereira-
Chioccola, Detection of Leishmania (Leishmania) infantum RNA in fleas and ticks
collected from naturally infected dogs, Parasitol. Res 109 (2) (2011) 267-274,
https://doi.org/10.1007/s00436-010-2247-6.

[20] N. Maleki-Ravasan, S. Solhjouy-Fard, J.C. Beaucournu, A. Laudisoit, E. Mostafavi,
The Fleas (Siphonaptera) in Iran: Diversity, Host Range, and Medical Importance,
PLoS Negl. Trop. Dis. 11 (1) (2017) e0005260, https://doi.org/10.1371/journal.
pntd.0005260.

[21] J. Netusil, A. Zakovska, K. Vostal, A. Norek, M. Stanko, The occurrence of Borrelia
burgdorferi sensu lato in certain ectoparasites (Mesostigmata, Siphonaptera) of
Apodemus flavicollis and Myodes glareolus in chosen localities in the Czech
Republic, Acta Parasitol. 58 (3) (2013) 337-341, https://doi.org/10.2478/
511686-013-0147-5.

[22] M. Madder, M. Day, B. Schunack, J. Fourie, M. Labuschange, W. van der
Westhuizen, S. Johnson, S.M. Githigia, F.A. Akande, J.S. Nzalawahe, D.

S. Tayebwa, O. Aschenborn, M. Marcondes, D. Heylen, A community approach for
pathogens and their arthropod vectors (ticks and fleas) in cats of sub-Saharan
Africa, Parasit. Vectors 15 (1) (2022) 321, https://doi.org/10.1186/s13071-022-
05436-y.

[23] V. Rajamannar, R. Govindarajan, A. Kumar, P.P. Samuel, A review of public
health important fleas (Insecta, Siphonaptera) and flea-borne diseases in India,
J. Vector Borne Dis. 59 (1) (2022) 12-21, https://doi.org/10.4103/0972-
9062.328977.

[24] 1. Wright, F. Jongejan, M. Marcondes, et al., Parasites and vector-borne diseases
disseminated by rehomed dogs, Parasit. Vectors 13 (1) (2020) 546, https://doi.
org/10.1186/513071-020-04407-5.

[7


http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref1
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref1
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref1
https://doi.org/10.1111/nyas.13950
https://doi.org/10.1093/trstmh/traa192
https://doi.org/10.1056/NEJMra2200092
https://doi.org/10.1056/NEJMra2200092
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref5
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref5
https://doi.org/10.1007/s00436-004-1231-4
https://doi.org/10.1007/s10530-004-9637-6
https://doi.org/10.1007/s10530-004-9637-6
https://doi.org/10.1038/nrmicro1090
https://doi.org/10.1016/j.vetpar.2008.05.003
https://www.ecdc.europa.eu/en/publications-data/guidelines-surveillance-invasive-mosquitoes-europe
https://www.ecdc.europa.eu/en/publications-data/guidelines-surveillance-invasive-mosquitoes-europe
https://www.ecdc.europa.eu/en/publications-data/guidelines-surveillance-invasive-mosquitoes-europe
https://doi.org/10.3201/eid2902.220677
https://doi.org/10.1146/annurev-ento-120710-100717
https://doi.org/10.1146/annurev-ento-120710-100717
https://doi.org/10.1111/j.1469-0691.2011.03516.x
https://doi.org/10.1016/j.ijid.2009.11.011
https://doi.org/10.1016/j.ijid.2009.11.011
https://doi.org/10.1111/j.1749-6632.2009.04523.x
https://doi.org/10.1111/j.1749-6632.2009.04523.x
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref16
https://doi.org/10.1016/j.cimid.2021.101648
https://doi.org/10.1016/j.cimid.2021.101648
https://doi.org/10.1089/vbz.2013.1399
https://doi.org/10.1007/s00436-010-2247-6
https://doi.org/10.1371/journal.pntd.0005260
https://doi.org/10.1371/journal.pntd.0005260
https://doi.org/10.2478/s11686-013-0147-5
https://doi.org/10.2478/s11686-013-0147-5
https://doi.org/10.1186/s13071-022-05436-y
https://doi.org/10.1186/s13071-022-05436-y
https://doi.org/10.4103/0972-9062.328977
https://doi.org/10.4103/0972-9062.328977
https://doi.org/10.1186/s13071-020-04407-5
https://doi.org/10.1186/s13071-020-04407-5

A. Zurita et al.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

D. Heylen, M. Day, B. Schunack, J. Fourie, M. Labuschange, S. Johnson, S.

M. Githigia, F.A. Akande, J.S. Nzalawahe, D.S. Tayebwa, O. Aschenborn,

M. Marcondes, M. Madder, A community approach of pathogens and their
arthropod vectors (ticks and fleas) in dogs of African Sub-Sahara, Parasit. Vectors
14 (1) (2021) 576, https://doi.org/10.1186/s13071-021-05014-8.

C. Moore, E.B. Breitschwerdt, L. Kim, Y. Li, K. Ferris, R. Maggi, E. Lashnits, The
association of host and vector characteristics with Ctenocephalides felis pathogen
and endosymbiont infection, Front Microbiol 14 (2023) 1137059, https://doi.
org/10.3389/fmicb.2023.1137059.

A.A. Marchiondo, P.A. Holdsworth, L.J. Fourie, et al., World Association for the
Advancement of Veterinary Parasitology (W.A.A.V.P.) second edition: guidelines
for evaluating the efficacy of parasiticides for the treatment, prevention and
control of flea and tick infestations on dogs and cats, Vet. Parasitol. 194 (1)
(2013) 84-97, https://doi.org/10.1016/j.vetpar.2013.02.003.

G.H.E. Hopkins, M. Rothschild, An Illustrated Catalogue of the Rothschild
Collection of Fleas (Siphonaptera) in the British Museum (Natural History),
Tungidae and Pulicidae, Vol. 1, Trustees of the British Museum (Natural History),,
London, 1953.

J.C. Beaucournu, H. Launay, Les Puces (Siphonaptera) de France et du Bassin
méditerranéen occidental, Faune de France, Vol. 76, Fedération Francaise des
Sociétés des Sciences Naturelles,, Paris, 1990.

A.Z. Diarra, L. Almeras, M. Laroche, et al., Molecular and MALDI-TOF
identification of ticks and tick-associated bacteria in Mali, PLoS Negl. Trop. Dis.
11 (7) (2017) e0005762, https://doi.org/10.1371/journal.pntd.0005762.

J.M. Rolain, L. Stuhl, M. Maurin, D. Raoult, Evaluation of antibiotic
susceptibilities of three rickettsial species including Rickettsia felis by a
quantitative PCR DNA assay, Antimicrob. Agents Chemother. 46 (9) (2002)
2747-2751, https://doi.org/10.1128/AAC.46.9.2747-2751.2002.

J.M. Rolain, M. Franc, B. Davoust, D. Raoult, Molecular detection of Bartonella
quintana, B. koehlerae, B. henselae, B. clarridgeiae, Rickettsia felis, and Wolbachia
pipientis in cat fleas, France, Emerg. Infect. Dis. 9 (3) (2003) 338-342, https://doi.
org/10.3201/eid0903.020278.

A. Nebbak, H. Dahmana, L. Almeras, D. Raoult, N. Boulanger, B. Jaulhac,

O. Mediannikov, P. Parola, Co-infection of bacteria and protozoan parasites in
Ixodes ricinus nymphs collected in the Alsace region, France, Ticks Tick. Borne
Dis. 10 (6) (2019) 101241, https://doi.org/10.1016/].ttbdis.2019.06.001.

1. Jado, R. Escudero, H. Gil, M.I. Jiménez-Alonso, R. Sousa, A.L. Garcia-Pérez,
M. Rodriguez-Vargas, B. Lobo, P. Anda, Molecular method for identification of
Rickettsia species in clinical and environmental samples, J. Clin. Microbiol 44
(12) (2006) 4572-4576, https://doi.org/10.1128/JCM.01227-06.

R.L. Regnery, C.L. Spruill, B.D. Plikaytis, Genotypic identification of rickettsiae
and estimation of intraspecies sequence divergence for portions of two rickettsial
genes, J. Bacteriol. 173 (5) (1991) 1576-1589, https://doi.org/10.1128/
jb.173.5.1576-1589.1991.

K. Tamura, D. Peterson, N. Peterson, G. Stecher, M. Nei, S. Kumar, MEGAS5:
molecular evolutionary genetics analysis using maximum likelihood,
evolutionary distance, and maximum parsimony methods, Mol. Biol. Evol. 28
(10) (2011) 2731-2739, https://doi.org/10.1093/molbev/msr121.

A. Zurita, S.G. Gutiérrez, C. Cutillas, Infection Rates of Wolbachia sp. and
Bartonella sp. in Different Populations of Fleas, Curr. Microbiol 73 (5) (2016)
704-713, https://doi.org/10.1007/s00284-016-1119-4.

J.A. Oteo, A. Portillo, S. Santibanez, J.R. Blanco, L. Pérez-Martinez, V. Ibarra,
Cluster of cases of human Rickettsia felis infection from Southern Europe (Spain)
diagnosed by PCR, J. Clin. Microbiol 44 (7) (2006) 2669-2671, https://doi.org/
10.1128/JCM.00366-06.

S.T. Tay, Wolbachia endosymbionts, Rickettsia felis and Bartonella species, in
Ctenocephalides felis fleas in a tropical region, J. Vector Ecol. 38 (1) (2013)
200-202, https://doi.org/10.1111/j.1948-7134.2013.12030.x.

Z. Onder, A. Ciloglu, O. Duzlu, A. Yildirim, M. Okur, G. Yetismis, A. Inci,
Molecular detection and identification of Wolbachia endosymbiont in fleas
(Insecta: Siphonaptera), Folia Microbiol (Praha) 64 (6) (2019) 789-796, https://
doi.org/10.1007/5s12223-019-00692-5.

K. Dittmar, M.F. Whiting, New Wolbachia endosymbionts from Nearctic and
Neotropical fleas (Siphonaptera), J. Parasitol. 90 (5) (2004) 953-957, https://
doi.org/10.1645/GE-186R.

R.R.S. Manoj, M.S. Latrofa, M.A. Bezerra-Santos, G. Sgroi, R. Samarelli, J.

A. Mendoza-Roldan, D. Otranto, Molecular detection and characterization of the
endosymbiont Wolbachia in the European hedgehog flea, Archaeopsylla erinacei,
Infect. Genet Evol. 97 (2022) 105161, https://doi.org/10.1016/j.
meegid.2021.105161.

J. Heukelbach, I. Bonow, L. Witt, H. Feldmeier, P. Fischer, High infection rate of
Wolbachia endobacteria in the sand flea Tunga penetrans from Brazil, Acta Trop.
92 (3) (2004) 225-230, https://doi.org/10.1016/j.actatropica.2004.08.005.
X.Yin, S. Zhao, B. Yan, Y. Tian, T. Ba, J. Zhang, Y. Wang, Bartonella rochalimae, B.
grahamii, B. elizabethae, and Wolbachia spp. in Fleas from Wild Rodents near the
China-Kazakhstan Border, Korean J. Parasitol. 57 (5) (2019) 553-559, https://
doi.org/10.3347/kjp.2019.57.5.553.

C.H. Gorham, Q.Q. Fang, L.A. Durden, Wolbachia endosymbionts in fleas
(Siphonaptera), J. Parasitol. 89 (2) (2003) 283-289, https://doi.org/10.1645/
0022-3395(2003)089[0283:WEIFS]2.0.CO;2.

M.S. Rodriguero, Wolbachia, una pandemia con posibilidades, Rev. Soc. Entomol.
Arg. 3-4 (2003) 117-137.

J.H. Werren, L. Baldo, M.E. Clark, Wolbachia: master manipulators of invertebrate
biology, Nat. Rev. Microbiol 6 (10) (2008) 741-751, https://doi.org/10.1038/
nrmicro1969.

10

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

Comparative Immunology, Microbiology and Infectious Diseases 107 (2024) 102153

M. Zabal-Aguirre, F. Arroyo, J. Garcia-Hurtado, J. de la Torre, G.M. Hewitt, J.
L. Bella, Wolbachia effects in natural populations of Chorthippus parallelus from the
Pyrenean hybrid zone, J. Evol. Biol. 27 (6) (2014) 1136-1148, https://doi.org/
10.1111/jeb.12389.

C.L. Brelsfoard, S.L. Dobson, Wolbachia-based strategies to control insect pests
and disease vectors, Asian P J. Mol. Biol. Biotech. 17 (3) (2009) 55-63.

R. Flatau, M. Segoli, I. Khokhlova, H. Hawlena, Wolbachia’s role in mediating its
flea’s reproductive success differs according to flea origin, 10.1093/femsec/
fiyl57, FEMS Microbiol Ecol. 94 (10) (2018), https://doi.org/10.1093/femsec/
fiy157.

R. Flatau, M. Segoli, H. Hawlena, Wolbachia Endosymbionts of Fleas Occur in All
Females but Rarely in Males and Do Not Show Evidence of Obligatory
Relationships, Fitness Effects, or Sex-Distorting Manipulations, Published 2021
Mar 12. Front Microbiol 12 (2021) 649248 https://doi.org/10.3389/
fmicb.2021.649248.

B. La Scola, S. Meconi, F. Fenollar, J.M. Rolain, V. Roux, D. Raoult, Emended
description of Rickettsia felis (Bouyer et al. 2001), a temperature-dependent
cultured bacterium, Int J. Syst. Evol. Microbiol 52 (Pt 6) (2002) 2035-2041,
https://doi.org/10.1099/00207713-52-6-2035.

N.T. Minahan, W.J. Wu, K.H. Tsai, Rickettsia felis is an emerging human pathogen
associated with cat fleas: A review of findings in Taiwan, J. Microbiol Immunol.
Infect. 56 (1) (2023) 10-19, https://doi.org/10.1016/].jmii.2022.12.006.

L.D. Brown, K.R. Macaluso, Rickettsia felis, an Emerging Flea-Borne Rickettsiosis,
Curr. Trop. Med Rep. 3 (2016) 27-39, https://doi.org/10.1007/540475-016-
0070-6.

J.R. Adams, E.T. Schmidtmann, A.F. Azad, Infection of colonized cat fleas,
Ctenocephalides felis (Bouché), with a rickettsia-like microorganism, Am. J. Trop.
Med Hyg. 43 (4) (1990) 400-409, https://doi.org/10.4269/ajtmh.1990.43.400.
D. Ng-Nguyen, S.F. Hii, M.T. Hoang, V.T. Nguyen, R. Rees, J. Stenos, R.J. Traub,
Domestic dogs are mammalian reservoirs for the emerging zoonosis flea-borne
spotted fever, caused by Rickettsia felis, Sci. Rep. 10 (1) (2020) 4151, https://doi.
0rg/10.1038/541598-020-61122-y.

F.J. Marquez, M.A. Muniain, J.J. Rodriguez-Liebana, M.D. Del Toro, M. Bernabeu-
Wittel, A.J. Pachén, Incidence and distribution pattern of Rickettsia felis in
peridomestic fleas from Andalusia, Southeast Spain, Ann. N. Y Acad. Sci. 1078
(2006) 344-346, https://doi.org/10.1196/annals.1374.067.

A. Renvoisé, A.Y. Joliot, D. Raoult, Rickettsia felis infection in man, France,
Emerg. Infect. Dis. 15 (7) (2009) 1126-1127, https://doi.org/10.3201/
eid1507.090029.

J. Richter, P.E. Fournier, J. Petridou, D. Haussinger, D. Raoult, Rickettsia felis
infection acquired in Europe and documented by polymerase chain reaction,
Emerg. Infect. Dis. 8 (2) (2002) 207-208, https://doi.org/10.3201/
€id0802.010293.

M. Bernabeu-Wittel, M.D. del Toro, M.M. Nogueras, et al., Seroepidemiological
study of Rickettsia felis, Rickettsia typhi, and Rickettsia conorii infection among the
population of southern Spain, Eur. J. Clin. Microbiol Infect. Dis. 25 (6) (2006)
375-381, https://doi.org/10.1007/s10096-006-0147-6.

J.A. Oteo, A. Portillo, S. Santibanez, J.R. Blanco, L. Pérez-Martinez, V. Ibarra,
Cluster of cases of human Rickettsia felis infection from Southern Europe (Spain)
diagnosed by PCR, J. Clin. Microbiol 44 (7) (2006) 2669-2671, https://doi.org/
10.1128/JCM.00366-06.

J. Gilles, C. Silaghi, F.T. Just, I. Pradel, K. Pfister, Polymerase chain reaction
detection of Rickettsia felis-like organism in Archaeopsylla erinacei (Siphonaptera:
Pulicidae) from Bavaria, Germany, J. Med Entomol. 46 (3) (2009) 703-707,
https://doi.org/10.1603/033.046.0338.

R. De Sousa, P. Edouard-Fournier, M. Santos-Silva, F. Amaro, F. Bacellar,

D. Raoult, Molecular detection of Rickettsia felis, Rickettsia typhi and two
genotypes closely related to Bartonella elizabethae, Am. J. Trop. Med Hyg. 75 (4)
(2006) 727-731.

AN. Maina, J. Jiang, A. Luce-Fedrow, H.K. St John, C.M. Farris, A.L. Richards,
Worldwide Presence and Features of Flea-Borne Rickettsia asembonensis, Front
Vet. Sci. 5 (2019) 334, https://doi.org/10.3389/fvets.2018.00334.

0. Mediannikov, M. Aubadie-Ladrix, D. Raoult, Candidatus ’Rickettsia
senegalensis’ in cat fleas in Senegal, N. Microbes N. Infect. 3 (2014) 24-28,
https://doi.org/10.1016/j.nmni.2014.10.005.

S.A. Khan, J. Saikia, T. Bora, V. Khamo, M. Rahi, Rickettsiae in fleas infesting
domestic pets of eastern Himalayan terrains of India, Trans. R. Soc. Trop. Med
Hyg. 116 (6) (2022) 595-598, https://doi.org/10.1093/trstmh/trab184.

D. Schott, U.A. Souza, B. Dall’Agnol, A. Webster, R. Doyle, F. Peters, M. Favarini,
F. Mazim, A.O. Rosa, M.M.A. Jardim, T.C. Trigo, J. Reck, Detection of Rickettsia
spp. and Bartonella spp. in Ctenocephalides felis fleas from free-ranging crab-eating
foxes (Cerdocyon thous), Med Vet. Entomol. 33 (4) (2019) 536-540, https://doi.
org/10.1111/mve.12371.

M. Urdapilleta, A. Pech-May, D. Lamattina, E.F. Burgos, D.E. Balcazar, W.A.

O. Ferrari, M. Lareschi, O.D. Salomoén, Ecology of fleas and their hosts in the
trifinio of north-east Argentina: first detection of Rickettsia asembonensis in
Ctenocephalides felis felis in Argentina, Med Vet. Entomol. 36 (1) (2022) 20-29,
https://doi.org/10.1111/mve.12546.

A.N. Maina, A. Luce-Fedrow, S. Omulo, et al., Isolation and characterization of a
novel Rickettsia species (Rickettsia asembonensis sp. nov.) obtained from cat fleas
(Ctenocephalides felis), Int J. Syst. Evol. Microbiol 66 (11) (2016) 4512-4517,
https://doi.org/10.1099/ijsem.0.001382.

P.F. Barradas, J.R. Mesquita, T.L. Mateus, P. Ferreira, I. Amorim, F. Gértner, R. de
Sousa, Molecular detection of Rickettsia spp. in ticks and fleas collected from
rescued hedgehogs (Erinaceus europaeus) in Portugal, Exp. Appl. Acarol. 83 (3)
(2021) 449-460, https://doi.org/10.1007/510493-021-00600-y.


https://doi.org/10.1186/s13071-021-05014-8
https://doi.org/10.3389/fmicb.2023.1137059
https://doi.org/10.3389/fmicb.2023.1137059
https://doi.org/10.1016/j.vetpar.2013.02.003
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref28
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref28
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref28
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref28
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref29
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref29
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref29
https://doi.org/10.1371/journal.pntd.0005762
https://doi.org/10.1128/AAC.46.9.2747-2751.2002
https://doi.org/10.3201/eid0903.020278
https://doi.org/10.3201/eid0903.020278
https://doi.org/10.1016/j.ttbdis.2019.06.001
https://doi.org/10.1128/JCM.01227-06
https://doi.org/10.1128/jb.173.5.1576-1589.1991
https://doi.org/10.1128/jb.173.5.1576-1589.1991
https://doi.org/10.1093/molbev/msr121
https://doi.org/10.1007/s00284-016-1119-4
https://doi.org/10.1128/JCM.00366-06
https://doi.org/10.1128/JCM.00366-06
https://doi.org/10.1111/j.1948-7134.2013.12030.x
https://doi.org/10.1007/s12223-019-00692-5
https://doi.org/10.1007/s12223-019-00692-5
https://doi.org/10.1645/GE-186R
https://doi.org/10.1645/GE-186R
https://doi.org/10.1016/j.meegid.2021.105161
https://doi.org/10.1016/j.meegid.2021.105161
https://doi.org/10.1016/j.actatropica.2004.08.005
https://doi.org/10.3347/kjp.2019.57.5.553
https://doi.org/10.3347/kjp.2019.57.5.553
https://doi.org/10.1645/0022-3395(2003)089[0283:WEIFS]2.0.CO;2
https://doi.org/10.1645/0022-3395(2003)089[0283:WEIFS]2.0.CO;2
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref46
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref46
https://doi.org/10.1038/nrmicro1969
https://doi.org/10.1038/nrmicro1969
https://doi.org/10.1111/jeb.12389
https://doi.org/10.1111/jeb.12389
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref49
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref49
https://doi.org/10.1093/femsec/fiy157
https://doi.org/10.1093/femsec/fiy157
https://doi.org/10.3389/fmicb.2021.649248
https://doi.org/10.3389/fmicb.2021.649248
https://doi.org/10.1099/00207713-52-6-2035
https://doi.org/10.1016/j.jmii.2022.12.006
https://doi.org/10.1007/s40475-016-0070-6
https://doi.org/10.1007/s40475-016-0070-6
https://doi.org/10.4269/ajtmh.1990.43.400
https://doi.org/10.1038/s41598-020-61122-y
https://doi.org/10.1038/s41598-020-61122-y
https://doi.org/10.1196/annals.1374.067
https://doi.org/10.3201/eid1507.090029
https://doi.org/10.3201/eid1507.090029
https://doi.org/10.3201/eid0802.010293
https://doi.org/10.3201/eid0802.010293
https://doi.org/10.1007/s10096-006-0147-6
https://doi.org/10.1128/JCM.00366-06
https://doi.org/10.1128/JCM.00366-06
https://doi.org/10.1603/033.046.0338
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref63
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref63
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref63
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref63
https://doi.org/10.3389/fvets.2018.00334
https://doi.org/10.1016/j.nmni.2014.10.005
https://doi.org/10.1093/trstmh/trab184
https://doi.org/10.1111/mve.12371
https://doi.org/10.1111/mve.12371
https://doi.org/10.1111/mve.12546
https://doi.org/10.1099/ijsem.0.001382
https://doi.org/10.1007/s10493-021-00600-y

A. Zurita et al.

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

V. Jacomo, P.J. Kelly, D. Raoult, Natural history of Bartonella infections (an
exception to Koch’s postulate), Clin. Diagn. Lab Immunol. 9 (1) (2002) 8-18,
https://doi.org/10.1128/cdli.9.1.8-18.2002.

T.A. Florin, T.E. Zaoutis, L.B. Zaoutis, Beyond cat scratch disease: widening
spectrum of Bartonella henselae infection, Pediatrics 121 (5) (2008)
el1413-e1425, https://doi.org/10.1542/peds.2007-1897.

E. Abreu-Yanes, N. Abreu-Acosta, E. Izquierdo-Rodriguez, N. Martin-Carrillo,

P. Foronda, Bartonella species and haplotypes in rodents and their fleas in
Lanzarote and El Hierro in the Canary Islands, Spain, J. Vector Ecol. 45 (2) (2020)
254-261, https://doi.org/10.1111/jvec.12396.

N. Azrizal-Wahid, M. Sofian-Azirun, V.L. Low, Flea-borne pathogens in the cat
flea Ctenocephalides felis and their association with mtDNA diversity of the flea
host, Comp. Immunol. Microbiol Infect. Dis. 75 (2021) 101621, https://doi.org/
10.1016/j.cimid.2021.101621.

Y. Bai, M.F. Rizzo, D. Alvarez, D. Moran, L.F. Peruski, M. Kosoy, Coexistence of
Bartonella henselae and B. clarridgeiae in populations of cats and their fleas in
Guatemala, J. Vector Ecol. 40 (2) (2015) 327-332, https://doi.org/10.1111/
jvec.12171.

F.J. Marquez, J. Millan, J.J. Rodriguez-Liébana, 1. Garcia-Egea, M.A. Muniain,
Detection and identification of Bartonella sp. in fleas from carnivorous mammals
in Andalusia, Spain, Med Vet. Entomol. 23 (4) (2009) 393-398, https://doi.org/
10.1111/j.1365-2915.2009.00830.x.

H. Gil, C. Garcia-Esteban, J.F. Barandika, et al., Variability of Bartonella
genotypes among small mammals in Spain, Appl. Environ. Microbiol 76 (24)
(2010) 8062-8070, https://doi.org/10.1128/AEM.01963-10.

M.J. Gracia, J.M. Marcén, R. Pinal, C. Calvete, D. Rodes, Prevalence of Rickettsia
and Bartonella species in Spanish cats and their fleas, J. Vector Ecol. 40 (2) (2015)
233-239, https://doi.org/10.1111/jvec.12159.

R. Rodriguez-Pastor, R. Escudero, X. Lambin, M.D. Vidal, H. Gil, I. Jado,

M. Rodriguez-Vargas, J.J. Luque-Larena, F. Mougeot, Zoonotic pathogens in
fluctuating common vole (Microtus arvalis) populations: occurrence and
dynamics, Parasitology 146 (3) (2019) 389-398, https://doi.org/10.1017/
S0031182018001543.

F.J. Marquez, Detection of Bartonella alsatica in European wild rabbit and their
fleas (Spilopsyllus cuniculi and Xenopsylla cunicularis) in Spain, Parasit. Vectors 8
(2015) 56, https://doi.org/10.1186/s13071-015-0664-1.

L. Kidd, R. Maggi, P.P. Diniz, B. Hegarty, M. Tucker, E. Breitschwerdt, Evaluation
of conventional and real-time PCR assays for detection and differentiation of
Spotted Fever Group Rickettsia in dog blood, Vet. Microbiol 129 (3-4) (2008)
294-303, https://doi.org/10.1016/j.vetmic.2007.11.035.

M.F. Persichetti, L. Solano-Gallego, L. Serrano, L. Altet, S. Reale, M. Masucci, M.
G. Pennisi, Detection of vector-borne pathogens in cats and their ectoparasites in
southern Italy, Parasit. Vectors 9 (1) (2016) 247, https://doi.org/10.1186/
s13071-016-1534-1.

A. de la Loma, J. Alvar, E. Martinez Galiano, J. Blazquez, A. Alcala Munoz,

R. Ngjera, Leishmaniasis or AIDS? Trans. R. Soc. Trop. Med Hyg. 79 (3) (1985)
421-422, https://doi.org/10.1016,/0035-9203(85)90400-6.

1. Cruz, J. Nieto, J. Moreno, C. Canavate, P. Desjeux, J. Alvar, Leishmania/HIV co-
infections in the second decade, Indian J. Med Res 123 (3) (2006) 357-388.

T. de Freitas Milagres, M. Lopez-de-Felipe, W.J. da Silva, I. Martin-Martin,

R. Gélvez, O.S. da Silva, Same parasite, different outcomes: unraveling the
epidemiology of Leishmania infantum infection in Brazil and Spain, Trends
Parasitol. 39 (9) (2023) 774-785, https://doi.org/10.1016/j.pt.2023.06.008.
J.B. Fregola, M.P. Vinyeta, La leishmaniosis en la Espana peninsular. Revision
historico-bibliografica (1912- 1985), Rev. Espanola De. Salud Publica 67 (1993)
255-266.

11

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

Comparative Immunology, Microbiology and Infectious Diseases 107 (2024) 102153

E. Gonzalez, M. Jiménez, S. Hernandez, I. Martin-Martin, R. Molina,
Phlebotomine sand fly survey in the focus of leishmaniasis in Madrid, Spain
(2012-2014): seasonal dynamics, Leishmania infantum infection rates and blood
meal preferences, Parasit. Vectors 10 (1) (2017) 368, https://doi.org/10.1186/
$13071-017-2309-z.

R. Gélvez, M.A. Descalzo, G. Mir6, M.I. Jiménez, O. Martin, F. Dos Santos-
Brandao, I. Guerrero, E. Cubero, R. Molina, Seasonal trends and spatial relations
between environmental/meteorological factors and leishmaniosis sand fly vector
abundances in Central Spain, Acta Trop. 115 (1-2) (2010) 95-102, https://doi.
org/10.1016/j.actatropica.2010.02.009.

R. Gélvez, A. Montoya, 1. Cruz, C. Fernandez, O. Martin, R. Checa, C. Chicharro,
S. Miguelanez, V. Marino, G. Mir6, Latest trends in Leishmania infantum infection
in dogs in Spain, Part I: mapped seroprevalence and sand fly distributions,
Parasit. Vectors 13 (1) (2020) 204, https://doi.org/10.1186/s13071-020-04081-
7.

M.T. Coutinho, L.L. Bueno, A. Sterzik, R.T. Fujiwara, J.R. Botelho, M. De Maria,
O. Genaro, P.M. Linardi, Participation of Rhipicephalus sanguineus (Acari:
Ixodidae) in the epidemiology of canine visceral leishmaniasis, Vet. Parasitol. 128
(1-2) (2005) 149-155, https://doi.org/10.1016/j.vetpar.2004.11.011.

M.T. Coutinho, P.M. Linardi, Can fleas from dogs infected with canine visceral
leishmaniasis transfer the infection to other mammals? Vet. Parasitol. 147 (3-4)
(2007) 320-325, https://doi.org/10.1016/j.vetpar.2007.04.008.

A. Azarm, A. Dalimi, M. Mohebali, A. Mohammadiha, M. Pirestani, Z. Zarei,

A. Zahraei- Ramazani, Molecular Identification of Leishmania infantum kDNA in
Naturally Infected Dogs and Their Fleas in an Endemic Focus of Canine Visceral
Leishmaniasis in Iran, Published 2022 Sep 30, J. Arthropod Borne Dis. 16 (3)
(2022) 243-250, https://doi.org/10.18502/jad.v16i3.12041.

M.G. Ferreira, K.R. Fattori, F. Souza, V.M. Lima, Potential role for dog fleas in the
cycle of Leishmania spp, Vet. Parasitol. 165 (1-2) (2009) 150-154, https://doi.
org/10.1016/j.vetpar.2009.06.026.

D. Otranto, F. Dantas-Torres, Fleas and ticks as vectors of Leishmania spp. to dogs:
caution is needed, Vet. Parasitol. 168 (1-2) (2010) 173-174, https://doi.org/
10.1016/j.vetpar.2009.11.016.

X. Valles, N.C. Stenseth, C. Demeure, et al., Human plague: An old scourge that
needs new answers, PLoS Negl. Trop. Dis. 14 (8) (2020) e0008251, https://doi.
org/10.1371/journal.pntd.0008251.

S. Rahelinirina, M. Harimalala, J. Rakotoniaina, M.G. Randriamanantsoa,

C. Dentinger, S. Zohdy, R. Girod, M. Rajerison, Tracking of Mammals and Their
Fleas for Plague Surveillance in Madagascar, 2018-2019, Am. J. Trop. Med Hyg.
106 (6) (2022) 1601-1609, https://doi.org/10.4269/ajtmh.21-0974.

R. Barbieri, Origin, transmission, and evolution of plague over 400 y in Europe,
Proc. Natl. Acad. Sci. USA 118 (39) (2021) 2114241118, https://doi.org/
10.1073/pnas.2114241118.

A.L. Burroughs, Sylvatic plague studies: The vector efficiency of nine species of
fleas compared with Xenopsylla cheopis. J. Hyg. (Lond. ) 45 (3) (1947) 371-396,
https://doi.org/10.1017/50022172400014042.

K.R. Dean, F. Krauer, L. Wallge, O.C. Lingjerde, B. Bramanti, N.C. Stenseth, B.
V. Schmid, Human ectoparasites and the spread of plague in Europe during the
Second Pandemic, Proc. Natl. Acad. Sci. USA 115 (6) (2018) 1304-1309, https://
doi.org/10.1073/pnas.1715640115.

R.P.H. Yue, H.F. Lee, Drought-induced spatio-temporal synchrony of plague
outbreak in Europe, Sci. Total Environ. 698 (2020) 134138, https://doi.org/
10.1016/j.scitotenv.2019.134138.


https://doi.org/10.1128/cdli.9.1.8-18.2002
https://doi.org/10.1542/peds.2007-1897
https://doi.org/10.1111/jvec.12396
https://doi.org/10.1016/j.cimid.2021.101621
https://doi.org/10.1016/j.cimid.2021.101621
https://doi.org/10.1111/jvec.12171
https://doi.org/10.1111/jvec.12171
https://doi.org/10.1111/j.1365-2915.2009.00830.x
https://doi.org/10.1111/j.1365-2915.2009.00830.x
https://doi.org/10.1128/AEM.01963-10
https://doi.org/10.1111/jvec.12159
https://doi.org/10.1017/S0031182018001543
https://doi.org/10.1017/S0031182018001543
https://doi.org/10.1186/s13071-015-0664-1
https://doi.org/10.1016/j.vetmic.2007.11.035
https://doi.org/10.1186/s13071-016-1534-1
https://doi.org/10.1186/s13071-016-1534-1
https://doi.org/10.1016/0035-9203(85)90400-6
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref84
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref84
https://doi.org/10.1016/j.pt.2023.06.008
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref86
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref86
http://refhub.elsevier.com/S0147-9571(24)00030-4/sbref86
https://doi.org/10.1186/s13071-017-2309-z
https://doi.org/10.1186/s13071-017-2309-z
https://doi.org/10.1016/j.actatropica.2010.02.009
https://doi.org/10.1016/j.actatropica.2010.02.009
https://doi.org/10.1186/s13071-020-04081-7
https://doi.org/10.1186/s13071-020-04081-7
https://doi.org/10.1016/j.vetpar.2004.11.011
https://doi.org/10.1016/j.vetpar.2007.04.008
https://doi.org/10.18502/jad.v16i3.12041
https://doi.org/10.1016/j.vetpar.2009.06.026
https://doi.org/10.1016/j.vetpar.2009.06.026
https://doi.org/10.1016/j.vetpar.2009.11.016
https://doi.org/10.1016/j.vetpar.2009.11.016
https://doi.org/10.1371/journal.pntd.0008251
https://doi.org/10.1371/journal.pntd.0008251
https://doi.org/10.4269/ajtmh.21-0974
https://doi.org/10.1073/pnas.2114241118
https://doi.org/10.1073/pnas.2114241118
https://doi.org/10.1017/s0022172400014042
https://doi.org/10.1073/pnas.1715640115
https://doi.org/10.1073/pnas.1715640115
https://doi.org/10.1016/j.scitotenv.2019.134138
https://doi.org/10.1016/j.scitotenv.2019.134138

	New records of pathogenic bacteria in different species of fleas collected from domestic and peridomestic animals in Spain. ...
	1 Introduction
	2 Material and methods
	2.1 Ethical statement, sample collection and morphological identification
	2.2 Molecular detection of pathogens

	3 Results
	3.1 Morphological identification
	3.2 Molecular detection of microorganisms

	4 Discussion
	5 Conclusions
	Funding
	Ethical Statement
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	References


