European Journal of Wildlife Research (2025) 71:90
https://doi.org/10.1007/510344-025-01966-9

RESEARCH ——

®

Check for
updates

Toxoplasmosis in the European brown hare: pathology, strain
genotyping and population exposure within the Iberian distribution
range

Josep Estruch'® . Martha Y. Salas-Fajardo?® . Rafael Calero-Bernal®*® - Sabrina Castro-Scholten?
Ignacio Garcia-Bocanegra®*® . Vanesa Alzaga® - Santiago Lavin'® . Carlos Rouco®® - Roser Velarde'

Received: 20 January 2025 / Revised: 11 June 2025 / Accepted: 25 July 2025
© The Author(s) 2025

Abstract

The European brown hare (Lepus europaeus), widely distributed across Eurasia, is a key prey species for many ver-
tebrates. Toxoplasma gondii, a globally distributed zoonotic protist, can infect all homoeothermic animals, including
lagomorphs. Hares are highly susceptible, with sporadic toxoplasmosis cases reported in central and northern Europe, but
its impact on southern populations remains unclear. Lethal toxoplasmosis was confirmed in two European brown hares
from Catalonia, northeastern Spain (2018 and 2021). Samples were collected for histopathology and molecular analyses.
Necropsy showed good body condition but revealed splenomegaly, liver necrosis, and pulmonary oedema. Microscopi-
cally, necrotizing multiorgan lesions with protozoan-like structures were observed. Toxoplasma gondii DNA was detected
in spleen, with microsatellites-genotyping identifying a type II specific variant of the ToxoDB#3 genotype. In addition,
231 serum samples from passive and active surveillance (2013-2023) from Catalonia (n=205) and other northern Span-
ish regions (n=28) were tested for anti-7. gondii IgG antibodies using an indirect ELISA kit, showing a seroprevalence
of 1.73% (4/231; 95% CI: 0.05-3.41). These are the first clinical toxoplasmosis cases reported in European brown hares
from southern Europe, highlighting their unusual susceptibility. The low seroprevalence, consistent with Mediterranean
reports, raises questions about exposure frequency. Further studies are needed to assess the impact of 7. gondii on Euro-
pean brown hare populations.
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Introduction

Toxoplasma gondii (phylum Apicomplexa) is a zoonotic
protozoan distributed worldwide and capable of causing
clinical infection and mortality to a wide range of animal
species. Wild and domestic felids act as definitive hosts,
shedding environmentally resistant oocysts in their faeces,
whilst all homoeothermic animals are virtually susceptible to
infection. Ingestion of water or food contaminated with the
sporulated oocysts, consumption of cysts present in prey’s
tissues or vertical transmission from mother to the foetus
may represent the three major vias of acquiring the infection
(Dubey 2021). Humans can also get infected by consump-
tion of uncooked or undercooked meat and unpasteurised
milk, direct contact with the parasite, vertical transmission
or through blood products and organ transplants. Therefore,
toxoplasmosis constitutes a significant Public Health con-
cern (Tenter et al. 2000; Hill and Dubey 2016; Machado et
al. 2019; Stelzer et al. 2019). Toxoplasmosis is the second
high-ranked parasitic foodborne disease in Europe (van der
Giessen et al. 2021). Beyond its role as a major cause of
reproductive failure through congenital infection, the dis-
ease is associated with characteristic lesions, particularly in
immunocompromised individuals, including alterations in
the central nervous system or ocular disease (Strang et al.
2020; Arora et al. 2022).

The European brown hare (Lepus europaeus) is a lago-
morph historically abundant across Europe. It serves as
a crucial prey species for many vertebrates and is widely
hunted and consumed by humans in various countries (Vivi-
ano et al. 2021). The species can be considered the most
widespread among hares in the European continent, occu-
pying numerous habitats, including northeastern Spain, its
southernmost natural border (Gortazar et al. 2009). In recent
decades, the European brown hare has experienced declines
throughout its range (Edwards et al. 2000; Hacklander and
Schai-Braun 2019). Contributing factors include habitat
loss and fragmentation, predation, poor hunting manage-
ment, climatic factors, and transmissible diseases (Lavazza
and Cooke 2018; Smith et al. 2005; Treml et al. 2007; Wib-
belt and Frolich 2005). In the Iberian Peninsula, the Euro-
pean brown hare coexists with two other hare species that
occupy distinct geographical niches, although occasionally
overlapping. These are the Iberian hare (Lepus granatensis),
the most abundant and widespread species, and the Broom
hare (Lepus castroviejoi), which has a very restricted range
in northern Spain (Estonba et al. 2006).

Hares are known to be highly susceptible to primary
infection by 7. gondii (Gustafsson et al. 1997; Sedlak et
al. 2000; Lindsay and Dubey 2020). In fact, even if related
literature is scarce, some natural fatal systemic toxoplas-
mosis cases have been described in European brown hares
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from northern and central Europe (Jokelainen et al. 2011;
Racka et al. 2021). Regarding the Mediterranean countries,
although the circulation of the parasite has been demon-
strated in European brown hares from France, Italy, and
Greece (Aubert et al. 2010; Ebani et al. 2016; Tsokana et
al. 2019), no evidence of clinical infection associated with
mortality has been recorded to date. Just one survey focus-
ing on the prevalence of 7. gondii in the Iberian hare has
been conducted so far, showing differences among years
and age groups (Ferndndez-Aguilar et al. 2013).

In our study, we describe clinical 7. gondii infections in
two wild European brown hares from northeastern Spain,
providing insights into the associated pathology and the
genotype of the infecting strain. Additionally, we present a
comprehensive serosurvey to assess the exposure of local
hare populations to the parasite.

Materials and methods
Necropsy and sample collection

Between 2013 and 2023, a total of 123 dead-found Euro-
pean brown hares, collected by hunters and Rural Agents,
were studied as part of the Wildlife Passive Surveillance
Program in Catalonia. A systematic necropsy and histo-
pathological investigation were performed, conducting also
bacteriological, virological and other laboratory analyses
when necessary for the final diagnosis. Toxoplasmosis was
then confirmed in two individuals recovered from Montfer-
rer i Castellbo (LE18003; Lleida, August 2018) and Santa
Coloma de Farners (LE21038; Girona, November 2021).
As part of the diagnosis routine, tissue samples from the
spleen, liver, lung, brain, heart, skeletal muscle, and kidney
were collected and deposited in 4% neutral buffered form-
aldehyde for 24 h. After fixation, the tissues were trimmed,
embedded in paraffin, and stained with haematoxylin and
eosin for histological examination. Samples from the spleen,
brain, heart or skeletal muscle, and blood were frozen at
-20 °C for subsequent analyses.

Simultaneously, 231 blood samples were collected from
European brown hare carcasses for serological survey,
either directly from the heart or thoracic fluid, by using
sterile equipment. These included samples from individuals
found dead due to causes unrelated to toxoplasmosis as part
of the Wildlife Passive Surveillance Program in Catalonia
(n=121), those obtained in hunting campaigns during the
study period (n=84), and samples from neighbouring north-
ern regions, comprising Navarre (n=27) and Castile and
Leon (n=1), collected through passive surveillance in 2020
and 2022 (Fig. 1, Appendix S1: Table S1). Hare carcasses
were previously weighed, sexed and categorised into two
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Fig. 1 Geographic location of the studied European brown hares
(Lepus europaeus) for the detection of 7. gondii exposure within
the northern regions of Catalonia, Navarre and Castile and Leon of

age groups (adults and juveniles), following radium-ulna
ossification patterns (Broekhuizen and Maaskamp 1981)
(Appendix S1: Table S1). Blood samples were centrifuged
at 3500 rpm to obtain serum, which was subsequently fro-
zen at -20 °C for further analysis.

Parasite direct detection and genotyping

Each tissue sample (n=6, from 0.6 to 4.5 g) from the sus-
pected toxoplasmosis cases was artificially digested using
acid-pepsin method (Dubey 1998) and a portion (50 mg) of
subsequent pellets were transferred to Maxwell® 16 Mouse
Tail DNA Purification Kit (Promega, WI, USA) to obtain
T gondii DNA. Then, Toxoplasma-DNA detection was per-
formed by single-tube nested-PCR, targeting the ribosomal
internal transcriber spacer 1 (ITS-1) region (Castafio et al.
2014). PCR products of 227 bp size were visualized under
UV light by 1.8% (w/v) agarose gel electrophoresis stained
with GelRed® Nucleic Acid Stain (Biotium, CA, USA).
Amplicon identity was confirmed after Sanger sequencing

Spain, during 2013 and 2023. The green-shadowed area informs on the
habitat distribution of the studied species in the Iberian Peninsula and
Europe (Inset). Each dot represents a sampled individual hare

at the Center for Genomic Technologies, Complutense Uni-
versity of Madrid (Spain). Then, sequences were edited and
aligned using Clustal Omega from BioEdit v.7.0.5.3 (Hall
1999). Consensus sequences were compared to NCBI data-
base entries via the BLAST tool (http://blast.ncbi.nlm.nih.g
ov/Blast.cgi). To detect the parasite load in the samples that
tested positive to ITS-1 and to select those with the high-
est values for genotyping, a duplex qPCR reaction targeting
the 529 repetitive element (529RE) and an internal ampli-
fication control (IAC) (Homan et al. 2000) was performed
using a 7500 FAST real-time PCR system (Applied Biosys-
tems, CA, USA). RH strain DNA (10 ng/ml) and nuclease-
free water were used as positive and negative controls,
respectively.

Aiming genetic characterization of the involved strains,
two T. gondii-positive DNA samples yielding optimal low
Ct values by qPCR (Ct=21.4, spleen of LE21038; Ct=19.4,
muscle of LE18003) were selected and subjected to a mul-
tinested PCR-RFLP based on 11 genetic markers (SAGI,
SAG2, altSAG2, BTUB, L358, PK1, Apico, GRA6, C22-8,
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C29-2, and SAG3)(Su et al. 2010) and to microsatellite
length fragment analysis, based on 15 genetic markers
(N61, B18, M33, M48, TUB2, N83, XI.1, N82, TgM-A,
W35, IV.1, B17, N60, M102, AA) (Ajzenberg et al. 2010;
Joeres et al. 2023). Fragment analysis was carried out using
capillary electrophoresis on an ABI 3730 DNA Analyzer
(Applied Biosystems, MA, USA) at the Center for Genomic
Technologies, Complutense University of Madrid (Spain).
Fragment sizes were determined with PeakScanner v.1.0
software (ABI PRISM, Applied Biosystems, USA).

In addition, multilocus sequencing typing (MLST) of
CS3 and GRA7 markers, which are informative about the
potential virulence of the strain (Bottds et al. 2009; Pena
et al. 2008), were amplified and subjected to bidirectional
Sanger sequencing using internal primers at the Center for
Genomic Technologies, Complutense University of Madrid
(Spain); sequence curation and allele identification was car-
ried out as previously reported (Fernandez-Escobar et al.
2022).

Serological analysis

All sera samples were thawed, refrigerated overnight at 4 °C
and tested the following day using a commercial ID Screen®
Toxoplasmosis Indirect Multi-species ELISA kit (IDVet,
Grabels, France), following the manufacturer’s instructions.
Optical densities (OD) were measured at 450 nm using a
spectrophotometer. Samples with an OD value greater than
0.45 were considered positive, according to the manufac-
turer’s guidelines.

Fig.2 European brown hare
(Lepus europaeus), LE21038,
with systemic toxoplasmosis.

In the thoracic cavity note the
voluminous lungs with multifo-
cal haemorrhages, along with
serohemorrhagic fluid (*). In the
abdominal cavity, the most strik-
ing changes include a congested,
enlarged spleen (splenomegaly)
and yellow areas of necrosis in
the central mesenteric lymphnode
(arrowhead). Good body condi-
tion is evident from the presence
of perirenal fat stores, as well as
icterus/jaundice of the subcutane-
ous tissue
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Results

Post-mortem exam of the two cases, including macroscopic
and histopathological analyses, revealed lesions compatible
with a protozoan systemic infection, likely consistent with
T. gondii. The first hare, LE18003, was a lactating adult
female weighing 4.00 kg, with depleted fat stores but no
signs of muscular atrophy. The second animal, LE21038,
was an adult male in good body condition, weighing 3.10 kg
(Fig. 2). Externally, LE21038 exhibited bilateral epistaxis
and mild icterus/jaundice of the subcutaneous tissue (Fig. 2).
No external alterations were observed in LE18003.

The most significant internal macroscopic findings in
both cases included irregular areas of lung congestion and
haemorrhage, a substantial amount of serohaemorrhagic
foam in the trachea, extreme congestion and enlargement
of the spleen, slight diffuse liver pallor with randomly
distributed miliary necrotic foci, mesenteric lymphadeno-
megaly with multifocal pinpoint necrotic foci, and marked
renal congestion (Fig. 2). LE21038, which was better pre-
served, showed additional findings, including up to 15 ml
of serohaemorrhagic pleural effusion, haemorrhagic urine
(Fig. 2), distended intestines filled with clear mucoid fluid,
and petechial haemorrhages on the gastric mucosa. In con-
trast, LE18003 was frozen before the necropsy, and even if
it had reddish contents in the intestines, its significance was
unclear.

Histopathological lesions were similar in both animals,
although freezing artefacts and autolysis hindered tissue
evaluation in LE18003. Multifocal randomly distributed
areas of coagulative and often lytic necrosis with haem-
orrhage, accompanied by lymphoplasmacytic and histio-
cytic inflammatory infiltrates, were observed in multiple
tissues. These lesions were associated with intralesional
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apicomplexan immature tissue cyst or parasite zoites
enclosed within parasitophorous vacuoles in multiple
organs, including the liver, spleen, mesenteric lymph nodes,
lungs, heart, brain, and bone marrow (Fig. 3). The tissue
cysts measured approximately 15x20 pum.

In the liver, parasites were observed within Kupffer cells
and hepatocytes. In addition to necrotic foci, an increased
number of leucocytes, particularly heterophils, was noted
in the hepatic sinusoids (Fig. 3). The spleen showed
marked hyperplasia of the lymphoid follicles and periarte-
riolar sheaths, along with congestion, and fibrin deposits in
necrotic areas. The mesenteric lymph nodes exhibited exten-
sive areas of necrosis and haemorrhage, as well as increased
lymphocyte and macrophage activity in the subcapsular and
medullary sinuses.

The lungs were characterised by severe interstitial pneu-
monia with alveolar oedema, thickened alveolar septa due
to increased inflammatory cells, predominantly mononu-
clear, and numerous foamy macrophages and lymphoplas-
macytic cells within the alveoli. Parasites were frequently
seen within the cytoplasm of those intralveolar macro-
phages (Fig. 3). Myocardial lesions included scattered foci
of myofibrillar degeneration and mononuclear interstitial

inflammatory infiltrates with intrasarcoplasmic protozoan
parasites (Fig. 3). In the brain, multifocal areas of malacia
with gitter cells and gemistocytic astrocytes were associ-
ated with intralesional immature cysts and free zoites, most
likely multiplying tachyzoites (Fig. 3). Additionally, proto-
zoan-like structures were identified within macrophages in
the bone marrow.

Toxoplasma gondii DNA was successfully detected in
both hares via conventional nested PCR (/75-7) and qPCR
(529RE). Positive tissues in LE18003 included the brain,
heart and spleen, while in LE21038 included the brain,
heart and skeletal muscle (Appendix S1: Table S2). Regard-
ing strain genotyping, although complete profiles were
not obtained through Mn-PCR-RFLP (Appendix S1: Fig.
S1), the two samples analyzed predominantly exhibited
type I alleles, but also a type I allele in the Apico marker
(LE18003), suggesting that the strain profile detected cor-
responded to a PRU type II variant (ToxoDB#3) (Table 1).
More discriminatory results were detected by MS-typing,
resulting in full allele profiles and indicating the same type
II variant of 7. gondii (Table 1). Both hares harboured the
same strain, and their microsatellite profile did not match
to previous type II variant detected in the 7. gondii isolates

Fig. 3 European brown hare (Lepus europaeus), LE21038. Inflam-
mation and necrosis associated with Toxoplasma gondii in multiple
tissues. A) Brain. Cluster of apicomplexan-like cysts in an area
of necrosis (long arrow), with numerous, most likely multiplying
tachyzoites (arrowheads). Intact tissue cysts or parasitophorous vacu-
oles are indicated by short arrows. B) Myocardium. Foci of interstitial
mononuclear inflammation adjacent to several myofibers containing
intrasarcoplasmic apicomplexan-like zoites in a cyst or parasitopho-

rus vacuole (short arrows). C) Liver. Area of hepatocellular necrosis
and haemorrhage associated with single intracytoplasmic tachyzoites
(arrowheads) or clusters (short arrow). D) Lung. Interstitial pneumonia
with severe alveolar oedema with numerous macrophages, some con-
taining apicomplexan-like cysts (short arrow), along with thickened
alveolar septa and fibrinous fibrillar exudate. Hematoxilin & Eosin
stain
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Marker
SAGI1

Table 1 Genotyping of Toxoplasma gondii strains from European brown hare (Lepus europaeus) positive DNA samples. For LE18003, the processed sample was the skeletal muscle, whereas for

LE21038 was the spleen

PCR-RFLP
Sample ID

@ Springer

c22-8 ¢29-2  PKl1 Apico

L358

BTUB GRA6

SAG3

5’SAG2  altSAG2

3’SAG2

Genotype

ToxoDB#

#3

NA
NA

11 11
11

11

I
I

I I I I
I I I

I

I

I
I

LE 18,003
LE 21,038

NA

NA
I

I

I

ND

/11

v
11
11

#10
#1

Reference RH

1T 11 11 11
11

11

11
1I

11
1I

11 11 I
I

1I

v

/1
11
11

Reference Me49
Reference PRU

11

11

v
111

#3

1 I 111 11

11

111 111

111

111

i

#2

Reference NED
Microsatellites
Sample ID

LE 18,003

LE 21,038

Markers
N6l

103

103

87

91

AA

M102
174

N60
140

B17
336
336
342
336
336
336

Iva1
274
274
274
274
274
278

W35

TgM-A
207
207
209
207
207
205

N82

119

N83 XI.1

TUB2
289
289
291
289
289
289

M48
225
225
209
215
209
209

M33

B18

Type
1I
11

277
277
265
265
265
267

242
242
248
242
242
242

356
356
358
356
356
356

310
310
306
310
310
312

169

158

174

140

119
119
111

169

158

166

145

169

160
158

Reference RH

174

142

169

I

Reference Me49
Reference PRU

176

142

117
111

158 169
165

123
91

I

188

147

160

111

Reference NED

NA: Not amplified; ND: Not determined

derived from chicken, pigs and seagull available to date in
the Iberian Peninsula (Appendix S1: Fig. S2).

The GRA7 marker of LE18003 (skeletal muscle) showed
type II alleles and presented 100% homology with other
type II sequences from Spain (sheep, acc. no.: MT361127.1)
and Italy (dolphin, acc. no.: ON982166.1). The CS3 marker
of LE18003 (skeletal muscle) and LE21038 (spleen) also
showed type II alleles not related to virulent profiles and
presenting a 100% homology with other type II sequences
from Spain (sheep, acc. no.: MW727456.1; pig, acc. no.:
MW132601.1).

Antibodies against 7 gondii were found in 4 out of 231
European brown hares tested (excluding both clinical cases,
that also resulted seropositive), obtaining a seroprevalence
of 1.73% (95% CI: 0.05-3.41). All seropositive animals
were adults from the Catalonia region, collected in 2013,
2015, 2016, and 2021 (Appendix S1: Table S1), with no
lesions consistent with systemic or acute toxoplasmosis.

Discussion

The present study reports, to our knowledge, the first two
cases of fatal clinical toxoplasmosis in European brown
hares in southern Europe. The macroscopic and microscopic
lesions described, such as severe splenomegaly, mesenteric
lymphadenomegaly, liver necrosis, and pulmonary conges-
tion and oedema, are consistent with previously published
records in this species (Sedlak et al. 2000; Jokelainen et al.
2011; Racka et al. 2021). This pattern of alterations, micro-
scopically characterised by acute disseminated multiorgan
necrosis in well-nourished individuals, supports the notion
that hares may be highly susceptible hosts for 7. gondii
infection, as shown in experimental infections (Gustafsson
et al. 1997; Sedléak et al. 2000).

Several hypotheses have been proposed to explain this
high susceptibility, mainly related to harsh climatic condi-
tions and stress (Sedlak et al. 2000; Jokelainen et al. 2011;
Racka et al. 2021). Even though no clear consensus exists
among investigators. The genotype of 7. gondii involved in
the infection could also be considered of interest to under-
stand susceptibility and disease severity in hares, although
data for comparison in the European brown hare are limited.
In Europe, the Type I clonal lineage predominates (Fernan-
dez-Escobar et al. 2022) and was identified in clinical cases
of toxoplasmosis in hares from Finland (Jokelainen et al.
2011) and the Czech Republic (Racka et al. 2021). The Type
IT PRU variant (or ToxoDB#3), identified herein, has been
detected in domestic species such as sheep and pigs in Spain
(Fernandez-Escobar et al. 2020), but might also affect other
species. While 7. gondii type 1I, including PRU variant,
is generally considered of low virulence in experimental
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infections in mice (Sedlak et al. 2000; Fernandez-Escobar
et al. 2021), it has demonstrated remarkable virulence in
other hosts, such as sheep and New World primates (San-
chez-Sanchez et al. 2019; Salas-Fajardo et al. 2023). This
suggests that susceptibility and virulence induced by 7. gon-
dii may strongly depend on the host (Mukhopadhyay et al.
2020), as illustrated in the case of the European brown hare.

The observed seroprevalence of anti-Toxoplasma anti-
bodies in the European brown hare populations analysed is
low (1.73%), similar to other Mediterranean countries, such
as Italy (1.3%, 3/222) (Ebani et al. 2016), and Greece (5.7%,
6/105) (Tsokana et al. 2019). In contrast, significantly higher
seropositivity values were found in European brown hares in
Central Europe, such as Germany (46%, 147/318) (Frolich
et al. 2003) and the Czech Republic (21%, 71/333) (Bartova
et al. 2010). Recent studies have also documented variable
antibody prevalence in hare species globally, ranging from 0
to 21% (reviewed by Almeria et al. 2021). These variations
can be partially attributed to differences in methodology,
as numerous serological techniques have been employed,
including the Modified Agglutination Test (MAT), Indirect
Fluorescent Antibody Test (IFAT), Indirect Hemagglutina-
tion Assay (IHA) or, in our case, Enzyme-Linked Immu-
nosorbent Assay (ELISA). The specificity, sensitivity and
cutoff values of serological tests have not been evaluated in
many animal species (Almeria and Dubey 2021), highlight-
ing the need for standardization and consensus to facilitate
accurate comparisons. Nevertheless, differences in the epi-
demiology of the parasite across regions or other additional
influencing factors cannot be ruled out.

Considering high susceptibility and low seroprevalence,
we hypothesise that 7. gondii infection in European brown
hare populations in southern Europe may be sporadic. One
possible explanation could be a low exposure rate of hares
to the parasite. Interestingly, serological results from a study
conducted on European rabbits (Oryctolagus cuniculus) in
the same area demonstrated a much higher seroprevalence
(53.8%) (Almeria et al. 2004), even if the technique used
(MAT) was different. Toxoplasmosis in rabbits generally
presents a subclinical course (Dubey 2021), so higher sero-
positivity compared to hares is not surprising. However,
given the ecological similarities and overlapping habitats of
rabbits and hares (Lush et al. 2017), T. gondii exposure rates
between both species should be theoretically comparable.
Previous studies on 7. gondii in Iberian hares from south
of Navarra, close to our study area, found a seroprevalence
of 11.4% by using MAT, with a significantly higher sero-
positivity rate in juveniles compared to adults (Ferndndez-
Aguilar et al. 2013). They suggested that the parasite might
be affecting hare survival and consequently restricting the
detection of antibodies in adult individuals. Although it is
challenging to find young dead animals in the field, or even

to obtain hunted carcasses from young animals (Ferndndez-
Moran et al. 1997; Speth 2013), future sampling efforts that
include a higher proportion of juveniles could offer clearer
insights into parasite dynamics and potential impact on hare
populations.

While this study provides novel insights into fatal toxo-
plasmosis in European brown hares in southern Europe, cer-
tain considerations should be acknowledged. The number
of confirmed clinical cases was based on passive disease
surveillance, which can be subject to bias such as underre-
porting, delayed detection, or limited geographic coverage,
thereby restricting broader generalisations regarding disease
frequency and impact (Ryser-Degiorgis 2013; Tomaselli
2022). Additionally, the sampling, as previously mentioned,
included a relatively low proportion of juvenile individual,
which may have influenced seroprevalence estimates. The
lack of standardization across serological methods also
remains an important challenge in toxoplasmosis research
for these species, potentially affecting cross-study compa-
rability. Finally, although beyond the scope of this work,
future studies integrating environmental and ecological data
would contribute to a more comprehensive understanding
of exposure patterns, potential species-specific differences
and risk factors. Nevertheless, despite these limitations, our
findings offer a valuable contribution to the limited knowl-
edge on T. gondii infection in wild hares and underscore the
importance of continued surveillance and research in this
field.

The European brown hare, while classified as a game
species and not widely considered threatened, has experi-
enced declines in many areas across Europe during the last
decades. Information on the species dynamics in northeast-
ern Spain, its southernmost limit, is still scarce. Mortality
outbreaks by infectious diseases such as rabbit haemor-
rhagic disease and European brown hare syndrome have
been reported in this area (Estruch et al. 2025), along with
occasional cases of brucellosis (Brucella suis), pseudotu-
berculosis (Yersinia pseudotuberculosis), pasteurellosis
(Pasteurella multocida), and intestinal coccidiosis (Eimeria
sp.) (data from the Wildlife Passive Surveillance Program in
Catalonia). The combined impact of these transmissible dis-
eases, including toxoplasmosis, together with the other fac-
tors known to decimate European brown hare populations
may affect the viability of the species south to the Pyrenees.

In conclusion, our study underscores the importance of
considering the potential impact of toxoplasmosis on Euro-
pean brown hare populations and highlights its suscep-
tibility to the parasite. Although 7. gondii infection in the
species may be rare in our study area, it appears to lead to
acute fatal disease when it occurs, so surveillance programs
should be maintained. Additionally, our findings provide
insights into the genotype responsible for the infection in
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hares in this European region, providing a foundation for
future investigations into the epidemiology of toxoplasmo-
sis in wild lagomorphs.

Supplementary Information The online  version  contains
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