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ABSTRACT

Introduction: We present the findings of a citizen science project conducted in the Autonomous Region of Aragén (northern
Spain), which engaged rural schoolchildren, wildlife rangers, hunters, and members of the general public.

Methods: Over the course of one year (April 2022-April 2023; three months for the schoolchildren), participants collected a
total of 913 ticks (98.8% adult specimens) representing 13 species from across the region. The contributions included 373 ticks
collected by schoolchildren, 319 by hunters, 108 by rangers, 91 by other volunteers, and 22 by the research team. Of these, 54
ticks were gathered from vegetation, 422 from wildlife (spanning nine animal species), 362 from pets, 44 from humans, and 30
from livestock.

Results: Species identified were Rhipicephalus sanguineus s.l., Rhipicephalus sanguineus s.s., Rhipicephalus pusillus,
Rhipicephalus bursa, Dermacentor marginatus, Ixodes hexagonus, Ixodes ricinus, Ixodes frontalis, Haemaphysalis punctata,
Haemaphysalis sulcata, Haemaphysalis inermis, Hyalomma marginatum, and Hyalomma lusitanicum. DNA of a subset of 349
individual ticks was extracted and the presence of Rickettsia spp., Anaplasmataceae, and Borrelia burgdorferi sensu lato (the
latter, only in Ixodes spp.) was analysed either individually (n = 62) or in pools containing 2-5 ticks (n=79), of which 101 resulted
positive: 88 were positive for Rickettsia spp., revealing the presence of Rickettsia massiliae, Rickettsia slovaca, Rickettsia conorii
subsp. raoultii, Rickettsia aeschlimannii, Rickettsia hoogstraalii, Rickettsia helvetica, and Candidatus Rickettsia barbariae; 34 for
Anaplasmataceae (both Ehrlichia spp. and Anaplasma spp., but in many cases was identified as endosymbionts); and three for
B. burgdorferi s.l., with only one readable sequence (Borrelia valaisiana). Pathogens detected in ticks from humans included R.
massiliae (n=23), R. conorii raoultii, R. aeschlimannii and Ca. R. barbariae.

Conclusions: This study identified previously unreported tick-host-pathogen associations and contributed to raising awareness
about the public health significance of ticks and strategies for their prevention.

Ruth Rodriguez-Pastor and Clara Mufioz-Herndndez contributed equally to this study.
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Impacts

« This project shows how citizens, including schoolchil-
dren, hunters, and rangers, can contribute to scientific
research, helping map where different tick species live
and which pathogens they carry in Aragén, northern
Spain.

« This study uncovers previously unknown links be-
tween ticks, their hosts and pathogens, providing in-
formation that improves public health awareness and
future tick-borne disease monitoring efforts.

« The discovery of several bacteria capable of causing
disease in humans highlights the need for continued
vigilance and preventive measures against tick bites in
rural and outdoor settings.

1 | Introduction

Ticks (Ixodoidea) are blood-feeding arthropods with a global
distribution, parasitizing virtually all terrestrial vertebrates,
including humans. In temperate regions, they are considered
the most significant vectors of pathogens affecting both hu-
mans and livestock, in terms of disease burden (Jongejan and
Uilenberg 2004). Due to their relevance to public and animal
health, understanding the geographic distribution of tick
species is essential for tracking the circulation of tick-borne
pathogens and evaluating strategies to mitigate their impact.
Tick distribution is strongly influenced by climatic factors,
particularly temperature and humidity, which regulate both
their developmental cycles and questing behaviour (Estrada-
Pefia and de la Fuente 2014). In this context, and under the
current scenario of global warming, several species have been
observed to expand their ranges and alter their seasonal activ-
ity patterns (Gray et al. 2009).

Citizen science (also known as community science) refers to the
active involvement of the public in scientific research activities
(Vohland et al. 2021). In the natural sciences, it offers a practical
means of achieving the broad geographic coverage necessary to
document ecological patterns and address research questions at
scales relevant to regional population dynamics and environmen-
tal processes (Frigerio et al. 2021). One area where citizen science
has proven particularly valuable is in generating spatial data on
tick occurrences (Eisen and Eisen 2021). Using citizen science in
tick research offers numerous benefits. It enables large-scale and
cost-effective data collection across broad geographic areas, in-
cluding remote or under-sampled regions that researchers may not
easily reach. Citizen participation helps track seasonal and long-
term trends in tick populations and can lead to early detection
of tick-borne disease outbreaks. By involving the public, citizen
science also raises awareness about tick ecology and prevention,
fostering better public health communication. Additionally, vol-
unteers provide access to diverse habitats—urban, rural, and sub-
urban—enriching the data and supporting more comprehensive
ecological analyses (Koffi et al. 2012; Nieto et al. 2018; Eisen and
Eisen 2021; Foldvari et al. 2022).

Arago6n is an autonomous region in northeastern Spain charac-
terised by strong contrasts in habitat types, land use, and climatic

conditions. Despite this environmental diversity, few systematic
studies have been conducted on ticks in the region (Estrada-Pefia
et al. 1992, 1995). The limited existing research includes studies
on ticks parasitizing birds in parts of the region (Oséacar-Jimenez
et al. 1998), contributions to a national survey on ticks affecting
pets (Estrada-Pefia, Roura, et al. 2017), and a region-wide sur-
vey of ticks on sheep based on a UTM grid system (Estrada-Pefia
et al. 2004). Information on tick-borne pathogens in Aragén is
even more limited. Despite the region's ecological variety, the
prevalence of livestock, and abundant wildlife—particularly in
this predominantly rural area—our current knowledge of tick
species and their distribution in Aragén is inadequate. Given the
lack of comprehensive baseline data, our objective was to update
the regional tick catalogue by incorporating data collected through
active public participation. Rather than conducting a systematic
survey—which would be logistically unfeasible—we aimed to im-
prove the understanding of tick identity and distribution, as well
as the occurrence of tick-borne pathogens in Aragén, through a
citizen science approach that enhanced spatial data coverage.

2 | Materials and Methods
2.1 | Study Area

Aragdn covers an area of 47,720km? and has a population of ap-
proximately 1.3 million inhabitants (Figure 1), with half residing
in the capital city, Zaragoza. The region is made up of three prov-
inces (Huesca in the North, Teruel in the South, and Zaragoza be-
tween them) and has a low population density of 27.6 inhabitants
per km?. Notably, one-fourth of its territory lies at altitudes above
1000m above sea level, yet this highland zone is home to only 3.3%
of the population. Land use is divided primarily between agri-
culture and natural landscapes: 46% of the territory is devoted to
dryland farming (mainly wheat, barley, olives, and grapes), while
52% consists of forests and natural open areas (Instituto Aragonés
de Estadistica 2025). The topography is dominated by mountain
ranges to the north and south of the Ebro River basin, which runs
east to west through the region. In the north, the Pyrenees rise
to elevations exceeding 3000m, with the pre-Pyrenees gradually
descending towards the central basin. The Iberian System, one
of the major systems of mountain ranges in Spain, dominates the
southern landscape. Annual precipitation is generally low, aver-
aging around 350 mm, with most rainfall occurring in spring and
autumn. The climate is predominantly Mediterranean, becoming
more continental in inland areas, with Atlantic influences in the
western Pyrenees (Instituto Aragonés de Estadistica 2025). Over
recent decades, Aragén has undergone significant rural depop-
ulation, which has had major impacts on land use and wildlife
abundance (Gortazar et al. 2000; Gonzalez et al. 2013). This rural
abandonment is considered a key factor contributing to localised
increases in wildlife densities and, consequently, to rising tick pop-
ulations supported by these hosts (e.g., Diuk-Wasser et al. 2021).

2.2 | Sample Collection

According to Eisen and Eisen (2021), our type of approach can
be classified as opportunistic, semi-quantitative. Ticks were
collected between April 2022 and April 2023 as part of the
citizen science initiative ‘Bites of Knowledge’ (‘Picaduas de
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FIGURE1 | (A)Map of peninsular Spain, showing the location of Aragén. (B) Map of Aragén, showing its biogeographic regions and the collec-
tion locations (numbers indicate collection events). (C and D) Location of the retrieved tick species.
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Conocimiento’ in Spanish; https://alimentandolaciencia.escie
ncia.es/picaduras-de-conocimiento). The programme was de-
signed to raise awareness about the risks of tick bites, engage
and collect tick specimens and associated data from four pri-
mary citizen groups: rural schoolchildren, wildlife rangers,
hunters, and members of the general public who voluntarily
participated. Rural residents have been chosen as participants
because they are the ones who have the most frequent contact
with ticks. Due to their close relationship with nature, agri-
culture, and outdoor activities, people living in rural areas
are more likely to encounter ticks in their everyday life. This
makes their observations and experiences especially valuable
for monitoring tick populations and understanding the risks
of tick-borne diseases.

For the school-based component, we collaborated with the
Regional Department of Education, submitting a letter explain-
ing the project and inviting participation from rural schools
across Aragoén. Twenty schools responded positively and were
subsequently involved in the programme, engaging students
aged 12 to 16. In March 2022, one or more researchers visited
each participating school. These visits included an educational
session with a video presentation (available on the project web-
site), visual materials, and a hands-on introduction to ticks and
other arthropod vectors. Students examined ticks at various life
stages under stereomicroscopes and received training on how to
safely collect and preserve specimens. A teaching guide was also
provided to educators.

Each participating teacher received a collection kit containing an
instruction flyer, a sample rack, tubes filled with 95% laboratory-
grade ethanol, tweezers for each student, and a form to be com-
pleted whenever a tick sample was submitted. This form recorded
the source of the tick (e.g., human, species of animal, vegeta-
tion), as well as the location (municipality) and date of collection.
Students were asked to collect ticks opportunistically during their
daily life, either attaching to themselves, a member of their family,
animals in their household (e.g., when brushing their dogs), or on
game animals, if the parent was a hunter. It was explained to them
how to safely remove ticks. Teachers were responsible for manag-
ing and labelling the samples and submitting them—along with
the completed forms—to our laboratory by late June 2023. All but
one school submitted appropriately labelled and usable samples
meeting the minimum data requirements.

Hunters were recruited through the Aragonese Hunting
Association and rangers via the Regional Environmental
Office and the staff of Ordesa National Park in the Pyrenees.
Both groups received simplified kits, which included a brief
information sheet and the necessary materials for collecting
and preserving ticks from wildlife or found on themselves in
ethanol. The general public was engaged through the project
website (wWhich was presented in diverse regional newspapers
and TV and radio stations) and received the same simplified
kit. Hunters and the general public recorded the host, date,
and location of the collection. Ticks collected opportunisti-
cally by members of the research team during fieldwork or
personal activities were also included. All specimens were
preserved in ethanol to facilitate storage and handling by the
contributing participants. The samples were brought to our
lab by the participants.

Due to the logistical difficulties of obtaining precise geographic
coordinates in remote rural areas, we did not request GPS data.
Instead, the name of the municipality where the tick was col-
lected was used as the geographic reference. This approach was
deemed sufficient, given that Spanish municipalities are rela-
tively small and provide an adequate spatial resolution for our
purposes. This was especially important for samples collected
by rangers, who typically cover large, ecologically diverse areas
on a daily basis, making precise localisation of tick encounters
impractical.

2.3 | Tick Identification and Pathogen Detection

Upon arrival at the laboratory, all samples were initially in-
spected for physical integrity and completeness. Each specimen
was assigned a unique identification number and subjected to
morphological identification using the taxonomic keys provided
by Estrada-Pefia, Mihalca, and Petney (2017). In cases where
the degree of engorgement or preservation quality hindered
accurate identification—particularly within the Rhipicephalus
sanguineus species group—specimens were conservatively
classified as R. sanguineus sensu lato or to genus level. Re-
examination of the material was not possible following the re-
cent description of Rhipicephalus hibericus (Millan et al. 2024),
as the specimens had already been crushed and processed for
DNA extraction.

Due to a budget limitation, not all the ticks were analysed for
pathogens. The ticks to be analysed were chosen trying to have
a representation of all the areas studied, emphasising samples
collected questing and from humans and wildlife. Therefore,
DNA of a subset of 349 individual ticks was extracted following
Halos et al. (2004) with some modifications. Briefly, half a tick
was placed in a 2-ml sterile microtube containing ten 0.1 mm
sterile glass microbeads, and one 3.2mm sterile stainless steel
microbead (BioSpec). The tubes were cooled in liquid nitrogen
for 1min and immediately after crushed by shaking in a Mini
Bead Beater-16 (Model 607-EUR, BioSpec) for 2cycles of 1 min
30s at 3450rpm. The tubes were then briefly centrifuged at a
maximum speed (10,000 xg) and the pellets were suspended in
180 uL of lysis buffer (ATL buffer, Qiagen). DNA was then ex-
tracted using the Qiagen DNeasy Blood & Tissue kit (Qiagen,
Valencia, CA, USA) following manufacturer instructions.
The final elution volume was 100uL. The presence of DNA
of Anaplasmataceae, Rickettsia spp., and Borrelia burgdorferi
sensu lato (the latter, only in Ixodes spp.) was analysed either
individually (n =62) or in pools containing between 2 and 5 ticks
(n=79) from the same individual host (Table S1).

Primers and PCR conditions are detailed in Table 1. The PCR
assays were carried out using PCR Master Mix (Promega
Corporation, Madison, WI, USA). Anaplasmataceae screen-
ing was performed using two conventional PCR protocols
targeting partial fragments of the 16S rRNA gene. The de-
tection of B. burgdorferi s.l. was carried out by nested PCR
assays amplifying fragments of the flagellin gene (flaB) and
the spacer region between the 5S and 23S rRNA genes. Tick
samples were considered positive for Anaplasmataceae or B.
burgdorferi s.1. if amplification was observed in at least one
of the screening PCR assays. Rickettsia spp. was screened by

4
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TABLE1 | Primersand PCR conditions of assays used in this study.

Size  Annealing

Bacteria Gene target  Primer Primer sequence 5’-3' (bp) temperature References
Rickettsia spp. 16S rRNA F AGAGTTTGATCCTGGCTCAG 416 54°C Weisburg
t al. (1989
R AACGTCATTATCTTCCTTGC etal. (1989)
ompA F ATGGCGAATATTTCTCCAAAA 650 54°C Roux
et al. (1996)
R GTTCCGTTAATGGCAGCATCT
ompB F GGGTGCTGCTACACAGCAGAA 618 53°C Fernandez
R CCGTCACCGATATTAATTGCC de Mera
et al. (2009)
atpA F ACATATCGAGATGAAGGCTCC 731 48°C Ferndndez
de Mera
R CCGAAATACCGACATTAACG et al. (2009)
recA F TGCTTTTATTGATGCCGAGC 428 52°C Fernandez
R CTTTAATGGAGCCGATTCTTC de Mera
et al. (2009)
gltA F GGGGGCCTGCTCACGGCGG 360 45°C Roux
t al. (1996
R ATTGCAAAAAGTACAGTGAACA et al. (1996)
Anaplasmataceae 16S rRNA F TAGCACTCATCGTTTACAGC 345 54°C Inokuma
t al. (2000
R GGTACCYACAGAAGAAGTCC etal. (2000)
16S rRNA F TTTATCGCTATTAGATGAGCCTATG 452 52.4°C Battisti
et al. (2020)
R CTCTACACTAGGAATTCCGCTAT
Borrelia burgdorferi 5S-23S F1 ACCATAGACTCTTATTACTTTGAC 380 52°C Rijpkema
s.L. intergenic et al. (1995)
. R1 TAAGCTGACTAATACTAATTACCC
spacer region
(nested) F2 ACCATAGACTCTTATTACTTTGACCA 225 52°C
R2 GAGAGTAGGTTATTGCCAGGG
flab (nested) F1 AARGAATTGGCAGTTCAATC 497 52°C Clark
et al. (2005)
R1 GCATTTTCWATTTTAGCAAGTGATG
F2 ACATATTCAGAGCAGACAGAGGTTCTA 389 55°C
R2 GAAGGTGCTGTAGCAGGTGCTGGCTGT

the partial amplification of the 16S rRNA gene, and the 16S-
positive samples were further confirmed and characterised
using Rickettsia-specific PCR assays: outer membrane pro-
tein A (ompA), outer membrane protein B (ompB), adenosine
triphosphate synthase alpha subunit (atpA), recombinase
A (recA) and citrate synthase (gltA) genes. Positive samples
for Rickettsia spp. were confirmed by amplifying at least one
specific marker. Amplicons were visualised on 1.5% agarose
gels, and bands at the expected size were purified using the
QIAquick PCR Purification Kit (Qiagen, Hilden, Germany)
and sequenced by the Sanger method (Macrogen, Madrid,
Spain). All nucleotide sequences were analysed and com-
pared with sequences previously deposited in the National
Centre for Biotechnology Information (NCBI) GenBank da-
tabase through the nucleotide BLAST tool (https://blast.ncbi.
nlm.nih.gov/Blast.cgi) to assess the identity level. Maximum
Likelihood phylogenetic trees were conducted using MEGA
X to confirm the species identification of Rickettsia spp.
and B. burgdorferi s.l. isolates. Unique partial sequences ob-
tained in this study were deposited in the GenBank database

under the following accession numbers: PV102480, and
PV126191-PV126203.

3 | Results
3.1 | Ticks Collected

A total of 913 ticks were collected. Of these, 373 were gathered
by schoolchildren (40.8%), primarily from pets (61.1%), but also
from wildlife (24.4%), humans (6.2%), livestock (3.7%), and vege-
tation (4.3%); 319 by hunters (34.9%, mostly from wildlife), 108 by
rangers (11.8%, with a relatively even distribution across all cate-
gories), 91 by general citizens (9.9%, mainly from pets), and 22 by
the authors (predominantly from vegetation; Figure 2, Table S2).
By province, 649 ticks were collected in Zaragoza, 203 in Teruel,
and 60 in Huesca (data for one tick was unavailable; Table 2). Of
the total, 54 ticks were collected while questing on vegetation,
with the remainder collected from hosts. Specifically, 422 ticks
were obtained from wildlife (all but two from mammals), 362
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from companion animals, 44 from humans, and 30 from live-
stock (Table 3). The host information for one tick was unknown.

The sample included 13 different tick species of five genera, in-
cluding Rhipicephalus sp. (n=13), R. sanguineus s.l. (n=303),
R. sanguineus s.s. (n=90), R. pusillus (n=337), R. bursa
(n=286), Dermacentor marginatus (n=26), Ixodes sp. (n=3),
Ixodes hexagonus (n=6), L. ricinus (n=6), L frontalis (n=1),
Haemaphysalis sp. (n=1), Ha. punctata (n=16), Ha. sulcata
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200

100

Hunters

Schoolchildren

Rangers

(n=3), Ha. inermis, (n=1), Hyalomma marginatum (n=17), and
H. lusitanicum (n=4). The highest variety of species was found
in humans (nine species). Tick diversity varied widely amongst
animal hosts, ranging from 7 species on dogs to only one on rab-
bits. Some tick/host associations were found (e.g., rabbit-R. pu-
sillus, sheep-R. bursa). The vast majority of collected ticks were
adult specimens (n=901, 98.8%), of which 435 were males and
466 were females. Only 12 immature ticks (11 nymphs and one
larva) were collected.

General public  Researchers Total

Pet ® Human ®Livestock mWildlife mVegetation

FIGURE2 | Number of ticks collected depending on the type of volunteer and the host.

TABLE 2 | Province in which the ticks were collected. Data on the province was missing for one tick.

Province Pets Wildlife Livestock Human Vegetation Total Species?®
Huesca 31 1 1 6 21 60 Rssl, Rsss, Rsp, Dm, Ir, Th,

Isp, Hap, Hai, Hym, Hyl.
Zaragoza 242 386 2 11 7 649> Rssl, Rsss, Rp, Rb, Rsp, Dm, If, Has, Hasp
Teruel 89 34 27 27 26 203 Rssl, Rsss, Rp, Rb, Rsp, Dm, Hap, Hym

2Dm, Dermacentor marginatus; Hai, H. inermis; Hap, Haemaphysalis punctata; Has, H. sulcata; Hasp, Haemaphysalis sp.; Hyl, H. lusitanicum; Hym, Hyalomma
marginatum; Hysp, Hyalomma sp.; If, I. frontalis; Ih, Ixodes hexagonus; Ir, I. ricinus; Isp, Ixodes sp.; Rb, R. bursa; Rp, R. pusillus; Rsp, Rhipicephalus sp.; Rssl,

Rhipicephalus sanguineus s.1.; Rsss, R. sanguineus s.s.

YThere was one tick collected in Zaragoza province with no host data (not included in the table).
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TABLE 3 | Number of individuals inspected, and ticks collected according to the origin (vegetation/host) and the type of host. One tick (R. bursa
collected in Zaragoza province) is not included in the table due to the lack of data on host species.

Number of Number
Origin Type of host Host species individuals of ticks Species found
Vegetation — 54 R. sanguineus s.l. (9), R. bursa (15), D.
marginatus (7), Haemaphysalis sp. (1),
Ha. punctata (9), Ha. inermis (1), Hy.
marginatum (10), Hy. lusitanicum (2).
On host 273 823
Human 37 44 R. sanguineus s.1. (10), R. sanguineus s.s. (2),
R. bursa (13), D. marginatus (3), Ixodes sp.
(2), I hexagonus (2), I. ricinus (2), Ha. sulcata
(3), Hy. marginatum (6), Hy. lusitanicum (1).
Pet 158 364
Dog 116 272 Rhipicephalus sp. (4), R. sanguineus s.l.
(177), R. sanguineus s.s. (63), R. pusillus
(20), R. bursa (2), Ixodes sp. (1), I. hexagonus
(2), I ricinus (2), Hy. marginatum (1).
Cat 42 90 Rhipicephalus sp. (6), R. sanguineus s.1.
(41), R. sanguineus s.s. (5), R. pusillus
(34), I. hexagonus (2), I. ricinus (2)
Livestock 10 30
Sheep 4 19 R. sanguineus s.s. (2), R.
pusillus (2), R. bursa (15)
Cattle 5 9 Rhipicephalus sp. (1), R. sanguineus
s.l. (2), R. bursa (2), Ha. punctata (4)
Horse 1 2 R. bursa (2)
Wildlife 74 422
Red deer 6 17 Rhipicephalus sp. (1), D. marginatus
(13), Ha. punctata (3)
Roe deer 16 77 Rhipicephalus sp. (1), R. sanguineus s.l.
(35), R. sanguineus s.s. (4), R. bursa (37),
Wild boar 3 4 D. marginatus (3), Hy. lusitanicum (1)
Hedgehog 1 13 R. sanguineuss.s. (13)
Wild rabbit 36 248 R. pusillus (248)
Red fox 9 57 R. sanguineus s.1. (25), R. pusillus (32)
Stone marten 1 4 R. sanguineus s.l. (4)
Birds? 2 2 R. sanguineus s.s. (1), I frontalis (1)

2Luscinia svecica, Milvus migrans.

The gradient of climate and vegetation in the target region revealed
a clear pattern of tick distribution (Figure 1). Both Rhipicephalus
spp. and Hyalomma spp. were most abundant in the dry, warm
areas of the mid Ebro valley, while D. marginatus and R. bursa
were more commonly found in Mediterranean-type forests and
low-altitude hills in the southern part of the region. Ixodes spp. was
restricted to the medium-altitude areas of the Pyrenees, the region
with the highest humidity within the study region. Hyalomma
spp. was also found in these areas due to local livestock farming in
the low-altitude valleys. Rhipicephalus pusillus is found wherever
wild rabbit (Oryctolagus cuniculus) populations are present.

3.2 | Pathogens Detected

Molecular screening for pathogens revealed DNA of any of the
studied pathogens in 101 samples. Rickettsia spp. DNA was
found in 31 individual ticks and 57 pools; Anaplasmataceae
DNA, in 14 individual ticks and in 20 pools; and B. burgdorferi
s.l. DNA, in 3 of the individually analysed Ixodes spp. (Table 4,
Table S1).

The most frequently detected Rickettsia species was R. mas-
siliae, identified in 43 ticks or pools, and found mostly in
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R. sanguineus s.l. (including two removed from humans) but
alsoin R. sanguineus s.s. and R. bursa from wildlife, and quest-
ing Ha. punctata and D. marginatus. Other species identified
were R. slovaca found in four D. marginatus pools but also in
an I ricinus from a cat; R. conorii subsp. raoultii in R. bursa
removed from a human and one D. marginatus from a red deer,
and also in questing D. marginatus and Hy. marginatum; R.
aeschlimannii was detected in two feeding Ha. marginatum
from a dog and a human; R. hoogstraalii in a pool containing
two questing Ha. punctata; Candidatus Rickettsia barbariae in
a R. bursa removed from a human; and R. helvetica in an I
ricinus also from a human (Figure 3).

The readable sequences obtained from either of the protocols
for Anaplasmataceae revealed the presence of Ehrlichia sp. and
Anaplasma sp. in three cases each. These included, amongst
others, a sequence with 100% identity with E. minasensis and
E. canis in a questing Ha. punctata, a sequence with 99.7% iden-
tity with A. marginale in a questing D. marginatus, sequences
with 100% identity with A. ovis and other Anaplasma spp. in
two R. bursa pools from two roe deer, and a sequence with 100%
identity with A. bovis in a R. sanguineus s.l. pool from another
roe deer. Many other sequences corresponded with tick endo-
symbionts. Out of the three positive cases of B. burgdorferi s.1.,
only one readable sequence was obtained from an I. hexagonus
removed from a dog, which corresponded with B. valaisiana
(Figure 4).
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4 | Discussion
4.1 | Outcomes of the Citizen Science Project

In addition to the awareness-raising activities conducted during
school visits regarding the risks of tick bites, our citizen science
project was highly successful in collecting nearly 1000 ticks in
under a year. The economic and human resources required to ac-
tively collect such a large number of samples from diverse loca-
tions and species would have been considerably higher if carried
out solely by the research team. Previous citizen science studies
on tick collection have primarily focused on specimens found
on humans (e.g., Lernout et al. 2019; Porter et al. 2019), pets
(Sgroi et al. 2022) or livestock (Fdldvari et al. 2022; Uiterwijk
et al. 2021), with few examples also in vegetation (Robert
et al. 2025). Our study successfully gathered specimens from all
of these sources, as well as from wildlife. However, we acknowl-
edge that this study is subject to a common bias inherent to cit-
izen science research (Bird et al. 2014). The data presented here
on tick presence and tick-borne pathogens should be interpreted
as evidence of presence only, rather than as definitive proof of
absence or relative abundance. Similarly, the detection of patho-
gens in ticks collected from hosts should not be construed as ev-
idence of vectorial capacity (Estrada-Pefa et al. 2021).

Schoolchildren were responsible for collecting the majority of
the samples, probably because they were the main target group
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FIGURE 3 | Phylogenetic analysis of the Spotted Fever Group Rickettsia sequences identified in our study (highlighted in bold) along with refer-
ence sequences from GenBank. A reference tree (shown on the left) was built using nucleotide fragments of Rickettsia-specific genes (atpA, ompA,

recA and gltA; 1858 positions). Since not all genes were amplified from every sample, additional alignments and phylogenetic trees were constructed

using subsets of genes as follows: (A) atpA, ompA and recA (1517 positions); (B) ompA and recA (894 positions); (C) atpA and gltA (964 positions); (D)

atpA and recA (968 positions); and (E) ompB and recA (889 positions). The phylogenetic position of each Rickettsia isolate inferred from the additional

trees (A-E) is mapped on the reference tree, with Rickettsia prowazekii as an external outgroup. Numbers refer to bootstrap values.
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FIGURE 4 | Phylogenetic analysis of Borrelia burgdorferi s.1. using a partial nucleotide fragment of flagellin (flaB, 344 positions) gene. Reference

sequences of complete genomes and isolates from samples obtained in Spain were used, with Borrelia miyamotoi as an external outgroup. The se-
quence obtained in this study is highlighted in bold. Numbers refer to bootstrap values.

of the project. This included personal visits to each participating
school and additional efforts by the researchers to emphasise the
importance of ticks. It is noteworthy that schoolchildren from
19 rural schools in various locations across Aragén managed to
collect nearly 400 ticks within just three months. Furthermore,
aside from rangers, schoolchildren were the only group to col-
lect ticks from all types of hosts. Many children in rural areas
likely had prior knowledge of ticks, as evidenced during our vis-
its, which may have contributed to both the large number and
diversity of ticks they collected. Additionally, we believe that
the children's natural curiosity and eagerness to learn, as ob-
served during the school visits, played a key role, as previously
highlighted by Makuch and Aczel (2018). While data collected
by children are often considered lower quality (Makuch and
Aczel 2018), our study demonstrated that children can serve as a
reliable source of tick samples.

As expected, hunters provided the largest number of wildlife
samples, although these results were heavily influenced by the
considerable number of Rhipicephalus pusillus ticks collected
from rabbits. Schoolchildren also contributed wildlife tick sam-
ples, although these were typically collected by a parent during
hunting activities and preserved at the child's request.

Nearly all of the ticks were collected from mammals, which is
not unexpected, as most companion animals, livestock, and
game species belong to this taxonomic group. Furthermore, the
handling of birds is typically limited to researchers, bird ringers
and other specialists, with the exception of game birds, which
were not represented in our samples. Amongst mammals, dogs
were the most common host, which was anticipated due to their
close association with humans and the fact that dogs in rural
areas often do not receive regular prophylactic care (Millan
et al. 2009). The European wild rabbit was the most represented
wild species, as it is the primary small game species in Spain
(MITECO 2024). Interestingly, however, the second most com-
mon mammal host was the roe deer (Capreolus capreolus). This
species, which was absent from Aragén 30years ago, is now ex-
periencing rapid expansion in the region (Acevedo et al. 2005;
Gonzadlez et al. 2013). Our study confirms that the roe deer is
now an important host for ticks in the region.

4.2 | Ticks Collected and Pathogens Detected

Thetickscollectedinthisstudycorroboratepreviousreports,par-
ticularlyregardingthetriad Rhipicephalus-Hyalomma-Ixodes,
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which are well-established as key markers of different biogeo-
graphical regions (Estrada-Pefa et al. 2025). These findings
also reinforce the Mediterranean association of both D. mar-
ginatus and R. bursa (Estrada-Peiia et al. 1992, 1995). While
the connection between R. bursa and Mediterranean-type
environments is widely supported by several studies (Bursali
et al. 2012; Coipan et al. 2011; Yeruham et al. 1985), D. margi-
natus has been reported in central Europe (Rubel et al. 2016;
Walter et al. 2016), suggesting that its ecological niche may be
broader than that of other species considered strictly adapted
to semi-arid environments, such as R. bursa or H. margina-
tum. Further, H. punctata is a widely distributed tick, with a
patchy distribution in Europe. Specimens of this tick in Spain
have been collected in areas of degraded forest, surrounded
by large grass areas, commonly restricted to northern parts of
the territory in wet sites (Estrada-Pefia et al. 2025), which are
similar to the findings reported in this study.

Although our survey was limited to only three bacterial
groups amongst the many tick-borne pathogens of potential
interest, we found a relatively high number of positive ticks
and tick pools. Most of the detected pathogens had not been
previously reported in the region, likely due to a lack of sur-
veillance. Rickettsia massiliae, a member of the spotted fever
group, was the most commonly detected bacterium. It was
first isolated from R. turanicus ticks in southern France (Beati
and Raoult 1993). We previously suggested that the origi-
nal identification of this bacterium may not have been in a
tick belonging to R. turanicus, as this species is absent from
Europe west of Greece, and that the newly described R. hi-
bericus might play a role in the transmission of R. massiliae
(Millan et al. 2024), although this has yet to be demonstrated
in the laboratory. The pathogenic potential of R. massiliae for
humans was confirmed (Vitale et al. 2006). Other rickettsiae
detected during our survey are also pathogenic to humans,
such as R. slovaca, which causes the DEBONEL/TIBOLA
syndrome and has been previously reported in Spain (e.g.,
Ibarra et al. 2006). Four of the five positive ticks were D. mar-
ginatus, a known vector (Spitalska et al. 2012), including one
from a human. Interestingly, the fifth case was in an adult I.
ricinus collected from a cat in the Pyrenees. While this does
not prove vector competence, it indicates that the agent was
present either in the tick or in the host's blood. Other detected
species are also zoonotic pathogens, such as R. aeschliman-
nii (Raoult et al. 2002) and R. helvetica (Fournier et al. 2000),
or have been previously detected in ticks removed from hu-
mans in other parts of Spain, such as R. conorii subsp. raoultii
and Ca. R. barbariae (Vieira Lista et al. 2024). Special men-
tion should be made of the detection of R. hoogstraalii in a
questing H. punctata. This agent was first described in H. sul-
cata ticks collected from sheep and goats in Croatia in 2006
(Duh et al. 2010). Although this bacterium had already been
detected in the Canary Islands, near the west African coast
(Abreu-Yanes et al. 2023), our survey marks its first detec-
tion in the Iberian Peninsula (Mediterranean Europe), fur-
ther supporting the utility of this citizen science approach for
surveillance.

Regarding the only Borrelia identified to species level, we de-
tected B. valaisiana in an adult I. hexagonus from a dog in the
Pyrenees (northern part of the region). This bird-associated

agent had previously been detected in northern Spain (Gil
et al. 2005; Palomar et al. 2017). In this case, as with R. slovaca
DNA found in I ricinus feeding on a cat, it is possible that these
ticks acquired the bacteria in an earlier life stage.

5 | Conclusion

In an era of climate change and emerging diseases, up-to-date
information on tick distribution, host interactions, and associ-
ated pathogens is essential. However, the economic and human
resources required for comprehensive data collection are often
prohibitive. Despite limitations in time and scope, citizen science
has proven to be highly effective in identifying new tick species
and pathogens in the region. Furthermore, this project played a
key role in raising awareness about the health risks posed by ticks
and the importance of preventive measures.

Author Contributions

Javier Millan: writing — original draft, writing - review and editing,
conceptualisation, funding acquisition, methodology, visualisation.
Ruth Rodriguez-Pastor: writing - review and editing, data curation,
methodology. Clara Muiioz-Hernandez: writing — review and edit-
ing, data curation, methodology. Marta Sanchez-Sanchez: writing
- review and editing, data curation, methodology. Alberto Moraga-
Fernandez: writing - review and editing, data curation, methodology.
Natalia Fernandez-Ruiz: writing - review and editing, methodology.
Isabel G. Fernandez de Mera: resources, writing — review and edit-
ing. Agustin Estrada-Pefia: writing — review and editing, conceptual-
isation, methodology, visualisation.

Acknowledgements

We wish to thank Nicolds Urbani (Federaciéon Aragonesa de Caza),
Manuel Alcantara (Servicio de Biodiversidad, Gobierno de Aragoén),
Francisco Villaespesa (Ordesa National Park), Manuela Moreira, Javier
Lucientes, and all the teachers, schoolchildren, hunters, and Rangers
who collaborated in collecting ticks.

Funding

This study was funded by FECYT (FCT-20-15766). RRP was supported
by a Maria Zambrano postdoctoral contract (aid for the requalifica-
tion of the Spanish University System, for 2021-2023) funded by the
Ministry of Universities and the European Union-NextGenerationEU.
CMH was supported by a postdoctoral contract Margarita Salas
(University of Murcia) from the Programme of Requalification of
the Spanish University System (Spanish Ministry of Universities) fi-
nanced by the European Union-NextGenerationEU. AMF was sup-
ported by the Research Plan of the University of Castilla-La Mancha,
UCLM. MSS was supported by PTA2022-022349-I financed by MCIN/
AEI/10.13039/501100011033 and FSE+ and by the JAE-PRE grant
(JAEPR23054-CSIC). IGFM is part of the CSIC's Global Health Platform
(PTI Salud Global). This received partial support from the 2022-GRIN-
34227 grant funded by the UCLM and FEDER. The funders had no role
in study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Ethics Statement

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Zoonoses and Public Health, 2025

13

858017 SUOWWIOD A1) 8|qeot [dde auy Aq peuseAob ke sajole YO ‘88N JO S9INJ 0} Akeuq18Ul|UO /8|1 UO (SUONIPUOD-PUR-SLLIBY/LID"AB 1M ARIq U1 |UO//SdNL) SUONIPUOD PUe SWie | 8U18eS *[9202/20/20] Uo ARiqiauljuo A8 |im ezobferez 8 pepseAlun A 08002 Ydz/TTTT OT/I0P/L00" A8 (1M AReIq Ul UO//SANY WOI) papeojuMod ‘0 ‘8LE2E98T


https://doi.org/10.13039/501100011033

Data Availability Statement

The data that supports the findings of this study is available in the
Supporting Information of this article.

References

Abreu-Yanes, E., N. Abreu-Acosta, and P. Foronda. 2023. “Study of Tick-
Borne Zoonotic Pathogens in Questing and Feeding Ticks in Tenerife,
Canary Islands, Spain.” Journal of Vector Ecology 48: 59-62. https://doi.
org/10.52707/1081-1710-48.1.59.

Acevedo, P., M. Delibes-Mateos, M. A. Escudero, J. Vicente, J. Marco,
and C. Gortazar. 2005. “Environmental Constraints in the Colonization
Sequence of Roe Deer (Capreolus Capreolus Linnaeus, 1758) Across
the Iberian Mountains, Spain.” Journal of Biogeography 32: 1671-1680.
https://doi.org/10.1111/j.1365-2699.2005.01310.x.

Battisti, E., S. Zanet, S. Khalili, A. Trisciuoglio, B. Hertel, and E.
Ferroglio. 2020. “Molecular Survey on Vector-Borne Pathogens in
Alpine Wild Carnivorans.” Frontiers in Veterinary Science 7: 1. https://
doi.org/10.3389/fvets.2020.00001.

Beati, L., and D. Raoult. 1993. “Rickettsia Massiliae sp. Nov., a New
Spotted Fever Group Rickettsia.” International Journal of Systematic
Bacteriology 43: 839-840. https://doi.org/10.1099/00207713-43-4-839.

Bird, T. J., A. E. Bates, J. S. Lefcheck, et al. 2014. “Statistical Solutions for
Error and Bias in Global Citizen Science Datasets.” Biological Conservation
173: 144-154. https://doi.org/10.1016/j.biocon.2013.07.037.

Bursali, A., A. Keskin, and S. Tekin. 2012. “A Review of the Ticks
(Acari: Ixodida) of Turkey: Species Diversity, Hosts and Geographical
Distribution.” Experimental & Applied Acarology 57: 91-104. https://doi.
0rg/10.1007/s10493-012-9530-4.

Clark, K., A. Hendricks, and D. Burge. 2005. “Molecular Identification
and Analysis of Borrelia burgdorferi Sensu Lato in Lizards in the
Southeastern United States.” Applied and Environmental Microbiology
71: 2616-2625. https://doi.org/10.1128/AEM.71.5.2616-2625.2005.

Coipan, E. C., A. F. Vladimirescu, O. Ciolpan, and I. Teodorescu. 2011.
“Tick Species (Acari: Ixodoidea) Distribution, Seasonality and Host
Associations in Romania.” Travaux du Muséum National D'histoire
Naturelle Grigore Antipa 2: 301-317. https://doi.org/10.2478/v1019
1-011-0018-y.

Diuk-Wasser, M. A., M. C. VanAcker, and M. P. Fernandez. 2021.
“Impact of Land Use Changes and Habitat Fragmentation on the Eco-
Epidemiology of Tick-Borne Diseases.” Journal of Medical Entomology
58:1546-1564. https://doi.org/10.1093/jme/tjaa209.

Duh, D., V. Punda-Polic, T. Avsic-Zupanc, et al. 2010. “Rickettsia
hoogstraalii Sp. Nov., Isolated From Hard- and Soft-Bodied Ticks.”
International Journal of Systematic and Evolutionary Microbiology 60:
977-984. https://doi.org/10.1099/ijs.0.011049-0.

Eisen, L., and R. J. Eisen. 2021. “Benefits and Drawbacks of Citizen
Science to Complement Traditional Data Gathering Approaches for
Medically Important Hard Ticks (Acari: Ixodidae) in the United States.”
Journal of Medical Entomology 58: 1-9. https://doi.org/10.1093/jme/
tjaal6s.

Estrada-Pefa, A., A. Cevidanes, H. Sprong, and J. Millan. 2021. “Pitfalls
in Tick and Tick-Borne Pathogens Research, Some Recommendations
and a Call for Data Sharing.” Pathogens 10: 712. https://doi.org/10.3390/
pathogens10060712.

Estrada-Pena, A., and J. de la Fuente. 2014. “The Ecology of Ticks and
Epidemiology of Tick-Borne Viral Diseases.” Antiviral Research 108:
104-128. https://doi.org/10.1016/j.antiviral.2014.05.016.

Estrada-Pena, A., M. A. H. Martinez-Estéllez, C. Pradera, and J. Castella.
2025. “The Historical Baseline of Hard Tick Records in Spain (1985-2024).”
Pathogens 14: 173. https://doi.org/10.3390/pathogens14020173.

Estrada-Pefia, A., A. D. Mihalca, and T. N. Petney. 2017. Ticks of Europe
and North Africa. A Guide to Species Identification. Springer Cham.
https://doi.org/10.1007/978-3-319-63760-0.

Estrada-Pefia, A., J. J. Osacar, C. Gortazar, C. Calvete, and J. Lucientes.
1992. “An Account of the Ticks of the Northeastern of Spain (Acarina:
Ixodidae).” Annales de Parasitologie Humaine et Comparée 67: 42-49.
https://doi.org/10.1051/parasite/199267242.

Estrada-Pefia, A., J. A. Oteo, C. Gortazar, J. J. Osacar, J. A. Moreno, and J.
Castella. 1995. “Borrelia Burgdorferi Sensu Lato in Ticks (Acari: Ixodidae)
From Two Different Foci in Spain.” Experimental and Applied Acarology
19: 173-180. https://doi.org/10.1007/BF00046289.

Estrada-Pefa, A., J. Quilez, and C. Sanchez Acedo. 2004. “Species
Composition, Distribution, and Ecological Preferences of the Ticks
of Grazing Sheep in North-Central Spain.” Medical and Veterinary
Entomology 18: 123-133. https://doi.org/10.1111/j.0269-283X.2004.
00486.x.

Estrada-Pefia, A., X. Roura, A. Sainz, G. Mir6, and L. Solano-Gallego.
2017. “Species of Ticks and Carried Pathogens in Owned Dogs in Spain:
Results of a One-Year National Survey.” Ticks and Tick-Borne Diseases
8:443-452. https://doi.org/10.1016/j.ttbdis.2017.02.001.

Ferndndez de Mera, I. G., Z. Zivkovic, M. Bolafios, et al. 2009. “Rickettsia
massiliae In the Canary Islands.” Emerging Infectious Diseases 15: 1869—
1870. https://doi.org/10.3201/eid1511.090681.

Foldvari, G., E. Szabo, G. E. Toth, et al. 2022. “Emergence of
Hyalomma Marginatum and Hyalomma rufipes Adults Revealed by
Citizen Science Tick Monitoring in Hungary.” Transboundary and
Emerging Diseases 69: e2240-e2248. https://doi.org/10.1111/tbed.
14563.

Fournier, P.-E., F. Grunnenberger, B. Jaulhac, G. Gastinger, and D.
Raoult. 2000. “Evidence of Infection in Humans With Rickettsia
Helvetica in Eastern France.” Emerging Infectious Diseases 6: 389-392.
https://doi.org/10.3201/eid0604.000412.

Frigerio, D., A. Richter, E. Per, B. Pruse, and K. Vohland. 2021.
“Citizen Science in the Natural Sciences.” In The Science of Citizen
Science, edited by K. Vohland, A. Land-Zandstra, L. Ceccaroni, et al.,
79-96. Springer International Publishing. https://doi.org/10.1007/
978-3-030-58278-4_5.

Gil, H., M. Barral, R. Escudero, A. L. Garcia-Perez, and P. Anda. 2005.
“Identification of a New Borrelia Species Among Small Mammals in
Areas of Northern Spain Where Lyme Disease Is Endemic.” Applied and
Environmental Microbiology 71: 1336-1345. https://doi.org/10.1128/
AEM.71.3.1336-1345.2005.

Gonzalez, J., J. Herrero, C. Prada, and J. Marco. 2013. “Changes in
Wild Ungulate Populations in Aragon, Spain Between 2001 and 2010.”
Galemys 25: 51-57. https://doi.org/10.7325/Galemys.2013.A5.

Gortazar, C., J. Herrero, R. Villafuerte, and J. Marco. 2000.
“Historical Examination of the Status of Large Mammals in Aragon,
Spain.” Mammalia 64: 411-422. https://doi.org/10.1515/mamm.2000.
64.4.411.

Gray, J. S., H. Dautel, A. Estrada-Peiia, O. Kahl, and E. Lindgren.
2009. “Effects of Climate Change on Ticks and Tick-Borne Diseases
in Europe.” Interdisciplinary Perspectives on Infectious Diseases 2009:
593232. https://doi.org/10.1155/2009/593232.

Halos, L., T. Jamal, L. Vial, et al. 2004. “Determination of an Efficient
and Reliable Method for DNA Extraction From Ticks.” Veterinary
Research 35: 709-713. https://doi.org/10.1051/vetres:2004038.

Ibarra, V., J. A. Oteo, A. Portillo, et al. 2006. “Rickettsia slovaca
Infection: DEBONEL/TIBOLA.” Annals of the New York Academy of
Sciences 1078: 206-214. https://doi.org/10.1196/annals.1374.040.

Inokuma, H., D. Raoult, and P. Brouqui. 2000. “Detection of Ehrlichia
Platys DNA in Brown Dog Ticks (Rhipicephalus sanguineus) in Okinawa

14

Zoonoses and Public Health, 2025

858017 SUOWWIOD A1) 8|qeot [dde auy Aq peuseAob ke sajole YO ‘88N JO S9INJ 0} Akeuq18Ul|UO /8|1 UO (SUONIPUOD-PUR-SLLIBY/LID"AB 1M ARIq U1 |UO//SdNL) SUONIPUOD PUe SWie | 8U18eS *[9202/20/20] Uo ARiqiauljuo A8 |im ezobferez 8 pepseAlun A 08002 Ydz/TTTT OT/I0P/L00" A8 (1M AReIq Ul UO//SANY WOI) papeojuMod ‘0 ‘8LE2E98T


https://doi.org/10.52707/1081-1710-48.1.59
https://doi.org/10.52707/1081-1710-48.1.59
https://doi.org/10.1111/j.1365-2699.2005.01310.x
https://doi.org/10.3389/fvets.2020.00001
https://doi.org/10.3389/fvets.2020.00001
https://doi.org/10.1099/00207713-43-4-839
https://doi.org/10.1016/j.biocon.2013.07.037
https://doi.org/10.1007/s10493-012-9530-4
https://doi.org/10.1007/s10493-012-9530-4
https://doi.org/10.1128/AEM.71.5.2616-2625.2005
https://doi.org/10.2478/v10191-011-0018-y
https://doi.org/10.2478/v10191-011-0018-y
https://doi.org/10.1093/jme/tjaa209
https://doi.org/10.1099/ijs.0.011049-0
https://doi.org/10.1093/jme/tjaa165
https://doi.org/10.1093/jme/tjaa165
https://doi.org/10.3390/pathogens10060712
https://doi.org/10.3390/pathogens10060712
https://doi.org/10.1016/j.antiviral.2014.05.016
https://doi.org/10.3390/pathogens14020173
https://doi.org/10.1007/978-3-319-63760-0
https://doi.org/10.1051/parasite/199267242
https://doi.org/10.1007/BF00046289
https://doi.org/10.1111/j.0269-283X.2004.00486.x
https://doi.org/10.1111/j.0269-283X.2004.00486.x
https://doi.org/10.1016/j.ttbdis.2017.02.001
https://doi.org/10.3201/eid1511.090681
https://doi.org/10.1111/tbed.14563
https://doi.org/10.1111/tbed.14563
https://doi.org/10.3201/eid0604.000412
https://doi.org/10.1007/978-3-030-58278-4_5
https://doi.org/10.1007/978-3-030-58278-4_5
https://doi.org/10.1128/AEM.71.3.1336-1345.2005
https://doi.org/10.1128/AEM.71.3.1336-1345.2005
https://doi.org/10.7325/Galemys.2013.A5
https://doi.org/10.1515/mamm.2000.64.4.411
https://doi.org/10.1515/mamm.2000.64.4.411
https://doi.org/10.1155/2009/593232
https://doi.org/10.1051/vetres:2004038
https://doi.org/10.1196/annals.1374.040

Island, Japan.” Journal of Clinical Microbiology 38: 4219-4221. https://
doi.org/10.1128/jcm.38.11.4219-4221.2000.

Instituto Aragonés de Estadistica. 2025. “Datos Basicos de Aragoén,
2025.” Accessed 9 March 2025. https://www.aragon.es/documents/d/
guest/datos-basicos-aragon-2025-2.

Jongejan, F., and G. Uilenberg. 2004. “The Global Importance of Ticks.”
Parasitology 129: S3-S14. https://doi.org/10.1017/S0031182004005967.

Koffi, J. K., P. A. Leighton, Y. Pelcat, et al. 2012. “Passive Surveillance for
L scapularis Ticks: Enhanced Analysis for Early Detection of Emerging
Lyme Disease Risk.” Journal of Medical Entomology 49, no. 2: 400-409.
https://doi.org/10.1603/me11210.

Lernout, T., N. De Regge, K. Tersago, M. Fonville, V. Suin, and H.
Sprong. 2019. “Prevalence of Pathogens in Ticks Collected From
Humans Through Citizen Science in Belgium.” Parasites & Vectors 12:
1-11. https://doi.org/10.1186/s13071-019-3806-z.

Makuch, K. E., and M. R. Aczel. 2018. “Children and Citizen Science.”
In Citizen Science: Innovation in Open Science, Society and Policy, edited
by S. Hecker, M. Haklay, A. Bowser, Z. Makuch, J. Vogel, and A. Bonn,
391-409. UCL Press. https://doi.org/10.14324/111.9781787352339.

Millan, J., M. G. Candela, F. Palomares, et al. 2009. “Disease Threats to
the Endangered Iberian Lynx (Lynx pardinus).” Veterinary Journal 182:
114-124. https://doi.org/10.1016/j.tvjl.2008.04.005.

Millan, J., R. Rodriguez-Pastor, and A. Estrada-Pefia. 2024. “Description
of Rhipicephalus hibericus sp. Nov. (Ixodoidea: Ixodidae), a Species of
the Rhipicephalus sanguineus Group in Southwestern Europe.” Ticks
and Tick-Borne Diseases 15: 102340. https://doi.org/10.1016/j.ttbdis.
2024.102340.

MITECO. 2024. “Anuario de Estadistica Forestal 2022. Ministerio Para
la Transicion Ecolégica y el Reto Demografico.” Madrid 2022. www.
miteco.es.

Nieto, N. C., W. T. Porter, J. C. Wachara, et al. 2018. “Using Citizen
Science to Describe the Prevalence and Distribution of Tick Bite and
Exposure to Tick-Borne Diseases in the United States.” PLoS One 13, no.
7:€0199644. https://doi.org/10.1371/journal.pone.0199644.

Osécar-Jimenez, J. J., A. Estrada-Pefia, and J. Lucientes-Curdi. 1998.
“Ticks (Acarina: Ixodidae) of Wild Birds in the Ebro Middle Basin
(North-East Spain).” Acarologia 39: 23-31.

Palomar, A. M., A. Portillo, P. Santibafiez, et al. 2017. “Presence of
Borrelia Turdi and Borrelia valaisiana (Spirochaetales: Spirochaetaceae)
in Ticks Removed From Birds in the North of Spain, 2009-2011.” Journal
of Medical Entomology 54: 243-246. https://doi.org/10.1093/jme/tjw158.

Porter, W. T., P. J. Motyka, J. Wachara, et al. 2019. “Citizen Science
Informs Human-Tick Exposure in the Northeastern United States.”
International Journal of Health Geographics 18: 9. https://doi.org/10.
1186/812942-019-0173-0.

Raoult, D., P.-E. Fournier, P. Abboud, and F. Caron. 2002. “First
Documented Human Rickettsia aeschlimannii Infection.” Emerging
Infectious Diseases 8: 748-749. https://doi.org/10.3201/eid0807.010480.

Rijpkema, S. G., M. J. Molkenboer, L. M. Schouls, F. Jongejan, and J.
F. Schellekens. 1995. “Simultaneous Detection and Genotyping of
Three Genomic Groups of Borrelia Burgdorferi Sensu Lato in Dutch
Ixodes Ricinus Ticks by Characterization of the Amplified Intergenic
Spacer Region Between 5S and 23S rRNA Genes.” Journal of Clinical
Microbiology 33: 3091-3095. https://doi.org/10.1128/jcm.33.12.3091-
3095.1995.

Robert, K., M. Van Gestel, M. Lathouwers, et al. 2025. “Abundance
of Ticks and Tick-Borne Pathogens in Domestic Gardens in Belgium,
2020-2022: A Citizen Science Approach.” BMC Public Health 25, no. 1:
2031. https://doi.org/10.1186/s12889-025-23221-1.

Roux, V., P. E. Fournier, and D. Raoult. 1996. “Differentiation of Spotted
Fever Group Rickettsiae by Sequencing and Analysis of Restriction
Fragment Length Polymorphism of PCR-Amplified DNA of the Gene

Encoding the Protein rOmpA.” Journal of Clinical Microbiology 34:
2058-2065. https://doi.org/10.1128/jcm.34.9.2058-2065.1996.

Rubel, F., K. Brugger, M. Pfeffer, et al. 2016. “Geographical Distribution
of Dermacentor Marginatus and Dermacentor reticulatus in Europe.”
Ticks and Tick-Borne Diseases 7: 224-233. https://doi.org/10.1016/j.ttb-
dis.2015.10.015.

Sgroi, G., R. Iatta, R. P. Lia, et al. 2022. “Tick Exposure and Risk of
Tick-Borne Pathogens Infection in Hunters and Hunting Dogs: A
Citizen Science Approach.” Transboundary and Emerging Diseases 69:
e386-€393. https://doi.org/10.1111/tbed.14314.

Spitalskd, E., K. Stefanidesova, E. Kocianov4, and V. Boldi§. 2012.
“Rickettsia Slovaca and Rickettsia raoultii in Dermacentor Marginatus
and Dermacentor reticulatus Ticks From Slovak Republic.”
Experimental & Applied Acarology 57: 189-197. https://doi.org/10.1007/
$10493-012-9539-8.

Uiterwijk, M., A. Ibafez-Justicia, B. van de Vossenberg, et al. 2021.
“Imported Hyalomma Ticks in The Netherlands 2018-2020.” Parasites
and Vectors 14: 244. https://doi.org/10.1186/s13071-021-04738-x.

Vieira Lista, M. C., M. B. Vicente Santiago, J. A.-O. Soto-Lépez, et al.
2024. “Identification of Rickettsia spp. in Ticks Removed From Tick-
Bitten Humans in Northwestern Spain.” Insects 15: 571. https://doi.org/
10.3390/insects15080571.

Vitale, G., S. Mansueto, J.-M. Rolain, and D. Raoult. 2006. “Rickettsia
massiliae Human Isolation.” Emerging Infectious Diseases 12: 174-175.
https://doi.org/10.3201/eid1201.050850.

Vohland, K., A. Land-Zandstra, L. Ceccaroni, et al. 2021. “Editorial:
The Science of Citizen Science Evolves.” In The Science of Citizen
Science, edited by K. Vohland, A. Land-Zandstra, L. Ceccaroni, et al.,
1-12. Springer International Publishing. https://doi.org/10.1007/978-3-
030-58278-4_1.

Walter, M., K. Brugger, and F. Rubel. 2016. “The Ecological Niche of
Dermacentor marginatus in Germany.” Parasitology Research 115:
2165-2174. https://doi.org/10.1007/s00436-016-4958-9.

Weisburg, W. G., M. E. Dobson, J. E. Samuel, et al. 1989. “Phylogenetic
Diversity of the Rickettsiae.” Journal of Bacteriology 171: 4202-4206.
https://doi.org/10.1128/jb.171.8.4202-4206.1989.

Yeruham, 1., A. Hadani, F. Galker, E. Mauer, M. Rubina, and S.
Rosen. 1985. “The Geographical Distribution and Animal Hosts of
Rhipicephalus bursa (Canestrini and Fanzago, 1877) in Israel.” Revue
d'Elevage et de Médecine Vétérinaire des Pays Tropicaux 38: 173-179.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Table S1: Database of pathogens iden-
tified in ticks collected during a citizen science project in Aragén, N
Spain. Table S2: Database of ticks collected during a citizen science
project in Aragén, N Spain.

Zoonoses and Public Health, 2025

15

858017 SUOWWIOD A1) 8|qeot [dde auy Aq peuseAob ke sajole YO ‘88N JO S9INJ 0} Akeuq18Ul|UO /8|1 UO (SUONIPUOD-PUR-SLLIBY/LID"AB 1M ARIq U1 |UO//SdNL) SUONIPUOD PUe SWie | 8U18eS *[9202/20/20] Uo ARiqiauljuo A8 |im ezobferez 8 pepseAlun A 08002 Ydz/TTTT OT/I0P/L00" A8 (1M AReIq Ul UO//SANY WOI) papeojuMod ‘0 ‘8LE2E98T


https://doi.org/10.1128/jcm.38.11.4219-4221.2000
https://doi.org/10.1128/jcm.38.11.4219-4221.2000
https://www.aragon.es/documents/d/guest/datos-basicos-aragon-2025-2
https://www.aragon.es/documents/d/guest/datos-basicos-aragon-2025-2
https://doi.org/10.1017/S0031182004005967
https://doi.org/10.1603/me11210
https://doi.org/10.1186/s13071-019-3806-z
https://doi.org/10.14324/111.9781787352339
https://doi.org/10.1016/j.tvjl.2008.04.005
https://doi.org/10.1016/j.ttbdis.2024.102340
https://doi.org/10.1016/j.ttbdis.2024.102340
http://www.miteco.es
http://www.miteco.es
https://doi.org/10.1371/journal.pone.0199644
https://doi.org/10.1093/jme/tjw158
https://doi.org/10.1186/s12942-019-0173-0
https://doi.org/10.1186/s12942-019-0173-0
https://doi.org/10.3201/eid0807.010480
https://doi.org/10.1128/jcm.33.12.3091-3095.1995
https://doi.org/10.1128/jcm.33.12.3091-3095.1995
https://doi.org/10.1186/s12889-025-23221-1
https://doi.org/10.1128/jcm.34.9.2058-2065.1996
https://doi.org/10.1016/j.ttbdis.2015.10.015
https://doi.org/10.1016/j.ttbdis.2015.10.015
https://doi.org/10.1111/tbed.14314
https://doi.org/10.1007/s10493-012-9539-8
https://doi.org/10.1007/s10493-012-9539-8
https://doi.org/10.1186/s13071-021-04738-x
https://doi.org/10.3390/insects15080571
https://doi.org/10.3390/insects15080571
https://doi.org/10.3201/eid1201.050850
https://doi.org/10.1007/978-3-030-58278-4_1
https://doi.org/10.1007/978-3-030-58278-4_1
https://doi.org/10.1007/s00436-016-4958-9
https://doi.org/10.1128/jb.171.8.4202-4206.1989

	‘Bites of Knowledge’: Ticks and Tick-Borne Pathogens Unveiled Through a Citizen Science Programme in Northern Spain
	ABSTRACT
	Impacts
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Study Area
	2.2   |   Sample Collection
	2.3   |   Tick Identification and Pathogen Detection

	3   |   Results
	3.1   |   Ticks Collected
	3.2   |   Pathogens Detected

	4   |   Discussion
	4.1   |   Outcomes of the Citizen Science Project
	4.2   |   Ticks Collected and Pathogens Detected

	5   |   Conclusion
	Author Contributions
	Acknowledgements
	Funding
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


