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Abstract

The growing abundance and geographic spread of wild boar (Sus scrofa) populations in Europe have heightened concerns
about their contribution to the transmission of parasites of zoonotic and veterinary importance. This study investigated the
occurrence and zoonotic potential of gastrointestinal parasites in 46 wild boars sampled during the 2023 hunting season
in Italy. Copromicroscopic analyses revealed that 47.8% of animals were positive for at least one parasite taxon, with
frequent coinfections. Thirteen taxa were identified by microscopy, including protozoans (Entamoeba coli, lodamoeba
butschlii, Giardia duodenalis) chromists (Cystoisospora suis, Eimeria spp., Balantioides coli, Blastocystis sp.) and hel-
minths (Dicrocoelium dendriticum, Ascaris spp., Trichuris sp., strongyliform larvae, gastrointestinal strongyle-type eggs,
Metastrongylus spp.), some of zoonotic relevance. Molecular analyses confirmed the presence of Balantioides coli and
identified Blastocystis subtype ST5. Additionally, Enterocytozoon bieneusi was molecularly detected in eight animals,
representing the first evidence of this microsporidian in wild boars from Italy. Genotypes D, J, and I were identified, with
genotype D clustering within the zoonotic Group 1. These findings emphasize the dual epidemiological role of wild boars
as reservoirs and sentinel of potential zoonotic parasites and highlight the importance of integrated surveillance strategies
within a One Health framework to better assess transmission risks at the wildlife-livestock—human interface.

Keywords Wild boars - Zoonoses - Gastrointestinal parasites - Balantioides + Blastocystis - Enterocytozoon

Introduction (Ruiz-Fons 2017). This demographic expansion poses eco-
pathological issues and may also represent a threat to both

The recent expansion of wild boar (Sus scrofa) populations  human and animal health. Interactions between humans

in different parts of the World has raised significant concerns
due to its potential negative consequences for biodiversity
conservation and economically relevant human activities
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and wild boars that may favour pathogen transmission to
domestic animals may be driven by several factors, such as
hunting and activities of game professionals, an increased
anthropogenic impact due to the presence of agricultural
areas and human settlements in semi-natural areas. Addi-
tionally, outdoor activities, socio-economic changes and
dietary habits may also be involved. These include the han-
dling of food contaminated with infected stool or the direct
manipulation of infected carcasses (Ruiz-Fons 2017).

In Europe, wild boars are implicated in agricultural dam-
ages (i.e., crop damages), act as African Swine Fever virus
reservoir (Sauter-Louis et al. 2021), and contribute to the
transmission of zoonotic pathogens transmission (Altissimi
et al. 2024). In 2010, the Italian wild boar population was
estimated at around 600,000 animals with a population
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density of 15 individuals per km* (Massei et al. 2015; Ace-
vedo et al 2022), while unofficial data from the Italian Insti-
tute for Environmental Protection and Research, ISPRA,
report a population of about 1.5 million. Therefore, consid-
ering the relevance of wild boars in the epidemiology of
several pathogens of economic relevance and of zoonotic
concern, including parasites, surveillance activities and epi-
demiological screening in these populations are strongly
advocated.

In Italy, data on gastrointestinal parasites are still scarce
and fragmented; only two recent investigations on parasites
circulating in wild boars studied during the regular hunt-
ing season or selective culling reported the presence of both
protozoans and metazoans (Moretta et al. 2011; Castagna
et al. 2019). Among the wide variety of parasites infecting
swine, diarrhoeagenic protists are known to cause significant
morbidity. In particular, genera such as Cryptosporidium,
Balantioides, Giardia, and Blastocystis, have a well-docu-
mented negative impact on swine welfare (Santos Silva et
al. 2023). Genetic variants may also imply a zoonotic risk,
as reported for Giardia duodenalis assemblages A-Al and
A-AIl (Guadano Procesi et al. 2022), as well as Blastocys-
tis subtypes ST15, ST5 and ST3 found in more than 60%
of animals analysed (Russini et al. 2020). Balantioides coli
(syn. Balantidium coli and Neobalantioides coli) is the only
ciliated protist of human and veterinary interest that colo-
nizes the large intestine of several hosts, including humans
and pigs, the latter being the dominant reservoir together
with wild boars (Santos Silva et al. 2023). As for metazoan
infections, high prevalence of Ascaris suum and gastroin-
testinal strongyles, reaching up to 80%, was observed in the
southern Italy along with Trichuris suis, Strongyloides ran-
somi and Dicrocoelium dendriticum (Castagna et al. 2019).
The non-zoonotic parasite Eucoleus garfiai (syn. Capillaria
garfiai) has also been recently reported in central and south-
ern Italy (Pacifico et al. 2022; Power et al. 2023).

Microsporidians constitute an additional group of emerg-
ing pathogens that colonize porcine intestinal epithelium.
According to the recent systematic review by Taghipour et
al. (2022), the global prevalence of microsporidian infec-
tions in wild boars is estimated to be around 8%. When
focusing specifically on Enterocytozoon bieneusi, the preva-
lence appears slightly higher, reaching approximately 10%.
About the geographical distribution, the available data show
a significant gap concerning Italy.

The study aimed to provide updated data on the occur-
rence, distribution, and zoonotic potential of pathogens
circulating in wild boars in Italy by surveying their gas-
trointestinal parasites. The study focused on populations
inhabiting fragmented habitats in rural areas where the
human-wildlife interface is prominent. A copromicro-
scopic analysis was performed to assess the presence of
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circulating gastrointestinal parasites and a further molecu-
lar approach was carried out on selected taxa of zoonotic
interest with the aim of: i) confirming Balantioides coli
positive samples at the species level; ii) characterizing
Blastocystis sp. isolates at the subtype and allele levels;
iii) detecting and characterizing E. bieneusi genotypes in
the entire sample set.

Material and methods
Copromicroscopy

During 2023, 46 wild boars were sampled in the framework
of regular selection hunting and after the official veterinary
inspection. In details, animals derived from different hunt-
ing grounds located in the central and southern areas of
Marche Region (Province of Ancona, Macerata, Fermo and
the Monti Sibillini National Park, Supplementary Fig. 1).
Immediately after culling, the wild boar carcasses were
transported to the game processing center (URCA), and kept
in cold storage facilities pending the veterinary inspection.
Stool samples were collected from the rectum after evis-
ceration and stored in duplicates for copro-parasitological
microscopy (in formalin 10%) and for molecular analysis
(in ethanol 70%). Regarding the microscopic analyses, all
samples stored in 10% formalin solution were processed
with direct smears and flotation. The direct smears with
1% iodine solution and 0.85% saline solution, were per-
formed according to Rondon et al (2023). Two slides were
systematically examined by two operators with an optical
microscope using 100X, 400X, and 1000X magnifications.
Flotation was performed as follows: around 2 g sample was
suspended in saline solution and centrifuged at 800 x g for
3 min; after removal of supernatant, the salt-sugar solution
(650 ml of warm distilled water, 150 g of salt and 500 g of
sugar, SG: 1.28) was added, and another centrifugation at
800xg for 5 min was performed, before adding few drops of
the salt-sugar solution until the meniscus formation. After
10 min, a first analysis on the obtained meniscus was carried
out for the detection of eggs. Then, around 3 ml, were col-
lected and placed into a new 15 ml Falcon tube for a further
flotation step with a second meniscus, to increase the chance
to observe cysts and oocysts from protozoans and chrom-
ists. After 10 min, the coverslip was placed on a microscope
slide with a drop of iodine solution. For each fecal sample
processed by flotation, one microscope slide was examined
using magnifications at 100X, 400X, and 1000X. Images
and measures of cysts, oocysts eggs and larvae were col-
lected with microscope camera lucida for identification,
according to the available taxonomic keys (Genchi et al.
2010; World Health Organization 2019). The prevalence
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of gastrointestinal parasites estimated for all samples was
obtained using Quantitative Parasitology software (Rozsa et
al. 2000), using 95% of confidence limit according to Clop-
per Pearson method.

Molecular analyses

Aliquots stored in 70% ethanol solution were subjected to
ethanol removal and a washing step with saline solution
before genomic DNA isolation, obtained using the QIAamp
Fast DNA Stool Mini Kit (Qiagen), according to the manu-
facturer’s instructions. Regarding the molecular character-
ization, samples putatively positive Balantioides coli were
amplified for the nuclear ribosomal 18S using the primer
pairs SSUf- SSUrBB, according to previous studies, describ-
ing an expected amplicon of around 1000 bp (Pomajbikova
et al. 2013). The assay allows to achieve species identifica-
tion and discriminate them from Buxtonella, a morphologi-
cally identical ciliate also potentially present. Blastocystis
positive samples were amplified with two PCRs for two dif-
ferent regions of the small subunit ribosomal RNA (SSU
rRNA or 18S) gene, using the protocols and pair of prim-
ers BhRDr-RDS5, Blast505-532-Blast998-1017 according to
Scicluna et al (2006) and Santin et al (2011), with the aim to
define the subtype and the allele.

Moreover, molecular detection for E. bieneusi was exe-
cuted on all samples, and characterization was performed

Table 1 List of protozoans, chromists and metazoans (Class Trema-
toda and Phylum Nematoda) observed in wild boars through copro-
microscopic analysis, with prevalence indicated as percentage along
with the number of positive animals and the confidence limit, and the
average size in micron of the parasitic forms observed (cysts, oocysts,
eggs, larvae)

Protozoans P % (n pos/n tot), CL Aver-
age size
(um)
Entamoeba coli 4,3 (2/46), 0,5-14,8 around
25/30
lodamoeba butschlii 2,2 (1/46), 0,1-11,5 10x12
Giardia duodenalis 2,2 (1/46), 0,1-11,5 11x8
Chromists
Cystoisospora suis 17,4 (8/46), 7,8-31,4 20%25
Eimeria spp. 10,9 (5/46), 3,6-23,6 15x12

Balantioides coli 15,2 (7/46), 6,3-28,9 55

Blastocystis sp. 6,5 (3/46), 1,4-17,9 12x14
Trematoda

Dicrocoelium dendriticum 2,2 (1/46), 0,1-11,5 45%x25
Nematoda

Ascaris spp. 6,5 (3/46), 1,4-17,9 58 %67
Trichuris sp. 6,5 (3/46), 1,4-17,9 57x27
Gastrointestinal strongyles 10,9 (5/46), 3,6-23,6 35%70
Strongyloides ransomi 6,5 (3/46), 1,4-17,9 56x33
Metastrongylus spp. 2,2 (1/46), 0,1-11,5 56x35
Strongyliform larvae 4,3 (2/46), 0,5-14,8 500%25

by amplifying the ITS region and parts of the SSU rRNA
gene using a nested protocol as previously described (Buck-
holt et al. 2002), which use one outer primer pair (EBIER1-
EBIEF1) and an inner primer pair (EBIER6-EBIEFS)
yielding a 390 bp product. For all the PCR reactions, 5 pl
of genomic DNA was used in a total reaction volume of
25 ul with MyTaq™ Mix (Meridian, Bioline), and posi-
tive and negative controls were included in each reaction.
Positive amplicons from Blastocystis, Balantioides and E.
bieneusi were purified using the mi-PCR Purification Kit
(Metabion International AG) and sent to an external facility
for sequencing (Bio-Fab Research, Rome, Italy). The for-
ward and reverse sequence chromatograms were manually
examined and edited using FinchTV software (Geospiza,
Inc.; Seattle, WA, USA; http://www.geospiza.com). The ¢
onsensus sequences were compared with those available
in the GenBank database through a Standard Nucleotide
BLAST search, to confirm isolate identification. For Blasto-
cystis, specimens were identified at subtype and allele level
according to the list of STs and alleles maintained at https:
//pubmlst.org/blastocystis (Jolley et al. 2018). Moreover, a
phylogenetic tree was inferred for E. bieneusi, to explore
the relationships between newly identified and previously
reported E. bieneusi genotypes. Sequence alignment was
performed with AliView (Larsson 2014), using representa-
tive reference sequences of the described genotypes (Sup-
plementary Table 1), then a Maximum Likelihood (ML) tree
was constructed in MEGA X software (Kumar et al. 2018).
The Hasegawa-Kishino-Yano (HKY) (1985) substitution
model was selected, according to the lowest AIC and BIC.
The reliability of nodes was evaluated through bootstrap
analysis with 1000 pseudo-replicates.

Results
Copromicroscopy

According to copromicroscopic results, approximately half
of the wild boars tested positive for gastrointestinal para-
sites via direct smears and flotation (Table 1). In fact, 22
out of 46 fecal samples analysed were positive at least for 1
parasite taxon (47,8%—CL: 32,9%-63,1%). Samples tested
positive for only 1 parasitic taxon were 9 out of 46, and
coinfections were also relatively frequent, as 13 animals
harboured more than one parasitic taxon (Table 2). Overall,
13 taxonomic entities were found, some of which have zoo-
notic potential. Taxa included protozoans (Entamoeba coli,
lodamoeba butschlii, Giardia duodenalis),chromists (Cys-
toisospora suis, Eimeria spp., Balantioides coli, Blastocystis
sp.) and helminths like trematodes (Dicrocoelium dendriti-
cum), nematodes (Ascaris sp., Trichuris sp., Strongyloides
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Table 2 List of parasites observed in coinfections in wild boar through
copromicroscopic analysis, with number of positive animals, number
of parasite taxa observed and the parasites

Number of  Number Coinfections
samples of parasite
taxa

6 2 C. suis and 1. butschlii
C. suis and Trichuris sp.
C. suis and D. dendriticum
Blastocystis sp. and Ascaris spp.
B. coli and Trichuris sp.
B. coli and Strongyle egg

5 3 C. suis, Eimeria spp. and S. ransomi
C. suis, Eimeria spp. and Ascaris spp.
E. coli, Eimeria spp. and Strongyle egg
B. coli, Eimeria spp. and Strongyle egg
C. suis, G. duodenalis and Strongyli-
form larvae

1 4 Blastocystis sp., Trichuris sp., S. ran-
somiand Metastrongylus sp.

1 5 E. coli, C. suis, Eimeria spp., B. coli,

and Strongyle egg

ransomi, strongyliform larvae, gastrointestinal strongyle-
type eggs, eggs of the lung parasite Metastrongylus spp.),
(Fig. 1 and Table 1).

Molecular data

Molecular analyses confirmed the identity of cysts and tro-
phozoites of the ciliate as belonging to the Balantioides coli
species, in three out of the seven positive animals. Two good
consensus sequences were obtained and, by BLAST tool,

Fig. 1 Representative images from the parasite taxa observed by
copromicroscopy. A Unsporulated Eimeria sp. oocyst; B Unsporulated
Cystoisospora suis oocyst, CGiardia duodenalis cyst; DEntamoeba
sp. cyst; EBlastocystis sp., FBalantioides coli; Glodamoeba butschlii-

@ Springer

100% query coverage and 100% identity was observed with
Balantioides coli from pigs from Philippines (GQ903678)
and from Spain (AM982722), and with Neobalantidium coli
from primates from several localities. The two sequences
were deposited in GenBank under the following accession
numbers PX508209-10.

Regarding Blastocystis sp. from the three microscopi-
cally positive animals, all samples provided good ampli-
fications, and two consensus sequences were obtained,
confirming the circulation of ST5. One sequence belonged
to allele 17 and the other to allele 119. The two sequences
were deposited in GenBank under the following accession
numbers PX736761-62.

The molecular analyses revealed the presence of E.
bieneusi DNA in the sampled hosts. Specifically, eight
specimens tested positive, six were identified as belonging
to genotype D, one was classified as genotype J and one
as genotype I. Phylogenetic analysis further clarified the
evolutionary relationships of these isolates (Fig. 2). The
sequences corresponding to genotype D clustered within
phylogenetic Group 1, exhibiting high sequence similar-
ity with a sequence previously identified in a water deer
(Hydropotes inermis) from South Korea. In contrast, the
sequences belonging to genotypes J and I were positioned
within phylogenetic Group 2, grouping together with sev-
eral isolates previously reported from a range of host spe-
cies, including cattle, horses, and a pangolin. The sequences
were deposited in GenBank under the following accession
numbers PX612230-36 and PX900845.

HStrongyloides ransomi egg; 1Trichuris sp. J Gastrointestinal Stron-
gyle egg; KAscaris sp. non-larvated egg; LMetastrongylus spp. egg;
MDicrocoelium dendriticum egg; N Strongyliform larva
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Fig.2 E. bieneusi ITS rRNA best consensus phylogenetic tree inferred
by the Maximum Likelihood method. Sequences generated in the
present study are represented in bold dark red. Genetic distances were
computed using the Hasegawa-Kishino-Yano substitution model. Only

Discussion

Passive surveillance of wildlife is the strategy of choice to
investigate the health status of wild animals, according to
the World Organization for Animal Health (Olivastri et al.
2021; Rossi et al. 2023). In recent years, interest in wild

AF059610 PtEbIX animalhost

bootstrap values>80% are indicated at nodes. Accession numbers of
sequences retrieved from GenBank are indicated together with their
genotype, host and clustered in groups (see Supplementary Table 1)

boars has increased considerably as their population growth
and adaptation to the urban and peri-urban environments
represent a significant risk for both domestic animals and
for humans, from a One Health perspective. Despite the
limited number of individual hosts and the limited geo-
graphical areas here tested, parasites of several taxonomic
groups have been identified combining copromicroscopic

@ Springer



112 Page 6 of 10

Parasitology Research (2026) 125:112

approach and molecular tools, which allowed to frequently
report multiple infections and potentially zoonotic parasites,
and to characterize three taxonomic entities, providing an
updated and precise information on circulating parasites.
However, some sporadic observation may depend on the
intrinsic sensitivity issues of conventional microscopy (i.e.
intermittent shedding of Giardia cysts and morphological
polymorphism/fragility of Blastocystis).

While intestinal strongyles and eimerian coccidia are so
far reported to represent the predominant parasites in wild
boars from central Italy (Moretta et al. 2011), in the pres-
ent study Balantioides coli and Cystoisospora suis are also
reported at high frequency. As for intestinal helminths, the
results were consistent with previous data for wild boars
from central and southern Italian regions (Moretta et al.
2011; Castagna et al. 2019), although not at a high level
of prevalence. Similar trends in the prevalence values
for most parasites are also reported from European arcas
(Bédies et al. 2022; Panayotova-Pencheva and Dakova
2018). In a recent investigation carried out in Poland (Pila-
rczyk et al. 2024) aimed to compare the prevalence of gas-
trointestinal parasites circulating in wild boars foraging in
urban and suburban areas, a high prevalence of Ascaris sp.
emerged, particularly in rural areas compared to the city,
suggesting serious health threats and economic losses for
breeders. Here, although the number of animals infected
with Ascaris sp. was relatively low, its finding is note-
worthy as Ascaris infecting swine is traditionally identi-
fied as Ascaris suum. However, Ascaris lumbricoides, the
species infecting human, as well as the putative hybrid,
have been reported to circulate in pigs in Italy (Cavallero
et al. 2013; 2021). In Italy, autochthonous human cases
of ascariasis are mostly due to A. suum, suggesting that
zoonotic transmission is predominant over anthroponotic
transmission. Therefore, monitoring the occurrence of
these parasites should be strongly advised, given the wild
boar demographic expansion and their increasing proxim-
ity to human settlements.

Overall, the results obtained highlightthe importance
of copromicroscopic investigations in obtaining valuable
insights into gastrointestinal parasites circulating in wild
boars in Italy, reporting taxa belonging to several groups,
including protozoans, chromists, and metazoans.

Moreover, the present survey provides novel molecular
data on specific parasitic taxa. Balantioides coli is wide-
spread and flourishes especially in tropical and subtropical
areas where high temperatures and poor sanitary condi-
tions favour its survival and spread. However, it is also fre-
quently reported from temperate areas, thus representing
a potential threat to wild and domestic animals, as well as
humans worldwide. In fact, contamination and subsequent
consumption of untreated water and unsafe handling of
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pigs’ or other animals’ manure can lead to the acquisition of
infections by common parasites in clinically healthy pigs,
mainly involving personnel of the food chain (Allievi et al.
2025). Usually, a high prevalence is reported in domestic
pigs from free-ranging, small-scale and traditional farms as
well as in intensive farms (Santos-Silva et al. 2023). In this
study, wild boars are confirmed as an important sylvatic
reservoir in which the ciliate was observed in around 15%
of tested animals. Given the absence of existing data from
Italy, this investigation contributed to fill the gap in knowl-
edge about B. coli circulating in wild boars in this country.
Such prevalence is consistent with previous reports from
Europe (Santos-Silva et al. 2023), in which values reach
45-50% in peculiar conditions (i.e., agricultural land and
outdoor pig farms).

The Stramenopiles Blastocystis is a ubiquitous chrom-
ist found in the intestine of a broad range of human and
non-human animal hosts, with unclear clinical significance.
Being a highly pleomorphic microorganism with a wide
genetic diversity, several subtypes have been described so
far with different host affiliations and geographical distri-
butions. Here, ST5 was observed circulating in wild boars
from central Italy. ST5 was reported as the most wide-
spread strain in wild boar populations in the Iberian Penin-
sula, in which all Blastocystis-positive animals harboured
ST5, also in coinfections with additional STs (Kdoster et
al. 2024). STS was reported in wild boars in Italy as well,
but with lower frequency compared to ST15, the dominant
strain in the studied population, collected from central Italy
(Russini et al. 2020). On the other hand, the same study
identified STS as the most frequent strain in domestic pigs,
based on data from a close area compared to the area here
investigated. Although STS5 is considered rare in humans,
it has been reported to be responsible for a potential zoo-
nosis from pigs in rural China (Yan et al. 2007). Moreover,
allele 119 was identified in this study, consistent with previ-
ous findings by Russini et al (2020). This observation may
provide evidence of a close relationship or of a common
source of infection in the area, or suggest a high frequency
of a specific variant within a certain strain, which in turn
could be related to pathogenicity or host adaptation (Adao
and Rivera 2024). The identification of zoonotic STs rein-
forces the role of wild boars as spreaders of zoonotic infec-
tions of public health significance.

Notably, this study represents the first molecular evi-
dence of E. bieneusi in wild boars from Italy, thereby
updating the geographic distribution of this microsporid-
ian species in Europe. Until now, E. bieneusi infections
in wild boars were reported exclusively from Central
Europe and Spain: in Central Europe, genotype EbpA and
other unidentified genotypes were reported (Némejc et
al. 2014) and in Spain, Dashti et al. (2020) documented
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the presence of genotypes EbpA and PigSpEb. In a recent
review, among the genotypes identified globally in both
domestic pigs and wild boars, the most frequently reported
were EbpA, EbpC, and EbpD, with the latter indicated as
the most common in domestic pigs worldwide (Taghipour
et al. 2022). Another study conducted in 2026 on fatten-
ing pigs in Northern Italy highlighted the presence of the
genotypes EbpA, KWB4, H, and CC-1/CHPR2 (Allievi et
al. 2026).

No prior reports have described the occurrence of geno-
types J, I and D in wild boars from any European country.
Genotype J has never been identified in either domestic
pigs or wild boars worldwide, underscoring the novelty of
the findings presented herein. Genotype I was reported in
domestic pigs and in cattle in Slovakia (Valen¢akova et al.
2019), with several reports also from other European coun-
tries, such as Germany, Austria, Czech Republic (recently
reviewed in Imre et al. 2025). The consistent detection of
genotype D in multiple samples from wild boars in the
present study together with the occurrence of genotype
I in one specimen could therefore suggest the existence
of a potential epidemiological connection between wild
and domestic swine populations, mainly present in semi-
wild breeding form in the area under study, and often in
close contact with cattle farms. These findings may imply
the occurrence of cross-species transmission or a shared
environmental source of infection, likely facilitated by
overlapping habitats, indirect contact, or exposure to
contaminated water or feed. While based on a consistent
detection pattern, future research incorporating systematic
surveillance of livestock and the environment, combined
with advanced epidemiological linkage analyses, is crucial
to verify this potential connection and fully define infec-
tion dynamics.

Phylogeny further corroborated the complex host distri-
bution of E. bieneusi. Both genotype D and J have been pre-
viously detected in a variety of domestic and wild animals,
confirming their broad host range. Importantly, genotype D
belongs to Group 1, which encompasses both human and
animal isolates, is widely recognized as potentially zoo-
notic. In contrast, genotypes J and I clustered within Group
2, which predominantly includes sequences derived from
animals—especially ruminants—and generally considered
non-zoonotic lineages (Guadano Procesi et al. 2025).

Conclusions

In conclusion, comprehensive copromicroscopical surveil-
lance of parasites in wildlife is essential, particularly in rap-
idly expanding species such as the wild boar, which can act
as a bridge between wild and urban environments, due to

its frequent presence at the rural-agricultural-urban inter-
face and its susceptibility to numerous zoonotic and veteri-
nary-relevant diseases. In fact, several potentially zoonotic
parasites were reported here, some confirming previous evi-
dence as the circulation of Ascaris and Balantioides, others
expanding the geographic and host range knowledge, as in
the case of E. bieneusi genotypes in Europe and highlight-
ing the potential epidemiological significance of genotype
D as a zoonotic genotype possibly shared between wild
boars and domestic pigs. The observation of the genotype I
is also of great significance, compelling evidence of a high-
risk livestock-wildlife interface, in which the wild boar can
be considered as a primary sentinel and E. bieneusi report
can be interpreted as a proxy species for monitoring the
environmental circulation of shared pathogens. This finding
emphasizes the need for further surveillance and molecular
characterization of E. bieneusi in both wildlife and livestock
populations.
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