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b Institute of Metagenomics, Faculty of Health Sciences, University of Debrecen, Debrecen, 4032, Hungary
c Faculty of Science and Informatics, University of Szeged, Szeged, 6720, Hungary
d Institute for Wildlife Management and Nature Conservation, Department of Wildlife Biology and Management, Hungarian University of Agriculture and Life Sciences, 
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A B S T R A C T

Wild carnivores are important reservoirs of parasitic nematodes, several of which have veterinary and zoonotic 
significance. In Europe, the role of invasive carnivores in parasite circulation remains poorly understood. Here, 
we screened 371 individuals of six wild carnivore species from Hungary (red foxes, badgers, golden jackals, 
raccoons, raccoon dogs, and beech martens), using molecular markers (cox1 and S12), and detected five nem
atode parasites: Dirofilaria immitis, Crenosoma vulpis, Angiostrongylus vasorum, Thelazia callipaeda, and Spirocerca 
lupi. The highest prevalence was observed in badgers (32.0%) and red foxes (15.7%), while invasive raccoons 
also showed a relatively high infection rate (13.2%). Dirofilaria immitis was one of the most common nematode 
species detected: it was found in four host species, including the first confirmed cases in Hungarian badgers and 
invasive raccoons, extending the known host range of this parasite in central Europe. Importantly, T. callipaeda 
was recorded in red foxes and an invasive raccoon dog, representing the first invasive host records of this 
zoonotic eyeworm in Hungary. Crenosoma vulpis was identified in raccoons, suggesting invasive species may act 
as incidental carriers of endemic parasites. Both C. vulpis and D. immitis showed low host specificity. These 
findings indicate that invasive carnivores, particularly raccoons, may harbour unexpectedly high prevalence and 
play a greater role in local parasite networks than previously assumed. Our results highlight the epidemiological 
significance of both native and invasive carnivores in sustaining nematodes of zoonotic and veterinary impor
tance in central Europe, stressing the need for continued surveillance in wild carnivores.

1. Introduction

Wild carnivores often play an important role in the maintenance and 
transmission of various parasitic nematodes, some of which are of 
considerable veterinary and public health significance (Han et al., 

2021). The diversity and prevalence of nematodes in wild carnivore 
populations are influenced by several ecological and anthropogenic 
factors, including host density, host behaviour, environmental condi
tions, and human-wildlife interactions (Lesniak et al., 2017; Kołod
ziej-Sobocińska, 2019; Gecchele et al., 2020; Stronen et al., 2021; 
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Arcenillas-Hernández et al., 2024). Understanding the diversity of 
parasite communities in carnivores is crucial to identifying potential 
threats to native ecosystems, domestic animals, and human health. In 
Europe, numerous nematode species have been recorded in wild carni
vores, including Angiostrongylus vasorum (Baillet, 1866) Kamensky, 
1905, Crenosoma vulpis (Dujardin, 1845), and Dirofilaria spp. (Ionica 
et al., 2017; Lemming et al., 2020; Veronesi et al., 2023; Szentiványi and 
Garamszegi, 2024). These parasites differ in their life cycles, trans
mission modes, and pathogenic potential, but several are known for 
their zoonotic risk or impact on domestic animals (Veronesi et al., 2023).

Cardiopulmonary nematodes such as C. vulpis and A. vasorum are 
increasingly reported in European wild carnivores and domestic dogs 
(Latrofa et al., 2015; Schug et al., 2018; Fuehrer et al., 2021). Red foxes 
(Vulpes vulpes), which often inhabit peri-urban and urban environments, 
are considered the primary wildlife reservoirs of both species 
(Blanch-Lázaro et al., 2018; Deak et al., 2020). In Hungary, C. vulpis, 
which causes crenosomiasis, has been confirmed in foxes (Sréter et al., 
2003; Tolnai et al., 2015). Similarly, A. vasorum, causing canine 
angiostrongylosis, is expanding its range in Europe and has been docu
mented in foxes in several central European countries, including Austria, 
the Czech Republic, Germany, Hungary, Romania, and Slovakia (Sréter 
et al., 2003; Deak et al., 2017; Fuehrer et al., 2021; Morgan et al., 2021; 
Mitrea et al., 2025).

Dirofilaria spp., particularly D. immitis (Leidy, 1856) and D. repens 
Railliet & Henry, 1911, are mosquito-borne nematodes that have been 
detected in both wild and domestic carnivores in Europe (Genchi and 
Kramer, 2020; Szentiványi and Garamszegi, 2024). Dirofilaria repens, 
which causes subcutaneous dirofilariosis in dogs and occasionally in 
humans, is established in many parts of central and southern Europe, 
with wildlife such as red foxes and golden jackals (Canis aureus) impli
cated in its sylvatic cycle (Ionica et al., 2016; Kravchenko et al., 2016). 
In Hungary, autochthonous cases of both D. repens and D. immitis have 
been reported in domestic and wild hosts, indicating an active trans
mission cycle in the region (Jacsó et al., 2009; Tolnai et al., 2014; 
Bacsadi et al., 2016; Farkas et al., 2020; Jerzsele et al., 2025).

Other parasitic nematodes are also showing emerging number of 
reports, including Thelazia callipaeda Railliet & Henry, 1910 and Spi
rocerca lupi (Rudolphi, 1809) (Bertos et al., 2023; Van Hien et al., 2021). 
Increasing numbers of detections have been reported throughout Europe 
in both native and invasive hosts, such as T. callipaeda in foxes and 
golden jackals (Nagy et al., 2026), and S. lupi in raccoons (Langner et al., 
2024).

Native carnivores, particularly generalist mesopredators such as red 
foxes and badgers (Meles meles), are well-established reservoirs of 
numerous helminths due to their wide distribution, omnivorous diet, 
and high adaptability (Karamon et al., 2018; Schneider et al., 2023; 
Veronesi et al., 2023). They often come into contact with urban areas 
and domestic animals, thereby creating opportunities for cross-species 
transmission (Plumer et al., 2014; Mackenstedt et al., 2015). Red foxes 
are considered a key reservoir of Echinococcus multilocularis Leuckart, 
1863 in central Europe, and have been implicated in the sylvatic cycle of 
Dirofilaria spp. and Crenosoma spp. (Sréter et al., 2003; Oksanen et al., 
2016; Schug et al., 2018; Fuehrer et al., 2021; Szentiványi and 
Garamszegi, 2024). In addition, the increasing range of the golden jackal 
in central Europe, including its recent expansion in Hungary (Bijl et al., 
2024), adds another native carnivore with reservoir potential of several 
pathogens of medical and veterinary importance (Széll et al., 2013; 
Farkas et al., 2014; Takács et al., 2014; Ionica et al., 2016; Gherman and 
Mihalca, 2017; Mitková et al., 2017; Sukara et al., 2018; Balog et al., 
2021; Nagy et al., 2026).

The emergence and spread of invasive carnivores in Europe further 
complicate the epidemiological landscape. Species such as the raccoon 
(Procyon lotor) and raccoon dog (Nyctereutes procyonoides), introduced 
during the 20th Century, have successfully established populations in 
various central and eastern European countries, including Hungary 
(Kauhala and Kowalczyk, 2011; Beltrán-Beck et al., 2012; Schally et al., 

2024). These species are highly adaptable, often occupying 
human-modified habitats that overlap with domestic animals and native 
wildlife (Kauhala and Kowalczyk, 2011). It has been shown that invasive 
carnivores may act as carriers of both endemic and novel parasites and 
pathogens (Beltrán-Beck et al., 2012; Sutor et al., 2014; Laurimaa et al., 
2016). For instance, studies have highlighted the potential for pathogen 
spillover and spillback between invasive hosts and native fauna (Clark 
et al., 2018; Kellner et al., 2018; Roy et al., 2023). In Europe, raccoon 
dogs have been found to harbour several zoonotic and potentially zoo
notic parasites, among others Trichinella spp., Alaria alata (Goeze, 1792), 
and Uncinaria spp. (Duscher et al., 2017; Kärssin et al., 2017; Pilarczyk 
et al., 2022; Marin et al., 2023), while raccoons have been found 
infected with Baylisascaris procyonis (Stefanski & Zarnowski, 1951) 
(Beltrán-Beck et al., 2012; Stope, 2019), raising zoonotic concerns.

Given the ecological overlap between invasive and native carnivores 
and the growing presence of nematodes of public and veterinary health 
importance in these populations, it is essential to monitor and compare 
parasite communities across host species. Understanding the parasite 
diversity in these animals provides insights into the risks posed to do
mestic animals and public health, informs disease prevention strategies, 
and helps reveal the role of wildlife in parasite ecology. Most existing 
research on zoonotic and wildlife parasites in European carnivores has 
been focused on western and northern Europe, where long-term wildlife 
health and pathogen surveillance programmes have generated extensive 
knowledge (Duscher et al., 2015; Laurimaa et al., 2016; Veronesi et al., 
2023). In contrast, central and southeastern Europe, including Hungary, 
remain comparatively underrepresented, despite their ecological 
importance as a biogeographical transition zones that host both native 
and expanding invasive species (Tolnai et al., 2015; Hornok et al., 2022; 
Szentiványi and Garamszegi, 2024; Nagy et al., 2026).

In this study, we investigated the occurrence of parasitic nematodes 
in invasive and native carnivores in Hungary. The country’s central 
biogeographical position between both western and eastern and south
ern and northern Europe, combined with its heterogeneous habitats, 
makes it a key region for understanding wildlife-domestic-human in
terfaces and the ecological processes shaping disease dynamics. The 
region supports high carnivore diversity and overlap among native, 
invasive, and domestic hosts, creating unique opportunities for path
ogen exchange. We aimed to explore the diversity and infection patterns 
of nematodes, reveal differences between host species, and assess their 
potential role in maintaining and transmitting parasites of zoonotic or 
veterinary relevance. Our goal was to improve understanding of parasite 
dynamics in central European wildlife and their implications for disease 
transmission at the wildlife-domestic-human interface.

2. Materials and methods

2.1. Sample collection

Native mammals were collected voluntarily by professional hunters 
between 2022 and 2025 (legalisation details: https://zenodo.org/reco 
rds/15645626). Invasive species were also collected by hunters via 
shooting, along with the processing of roadkill specimens. While most 
invasive species samples were collected between 2022 and 2024, our 
study also included a limited number of older samples dating from 2002 
to 2018. Blood and spleen samples from native mammals were obtained 
by hunters immediately after culling, using pre-distributed sampling 
swabs and/or collection tubes and stored at − 20 ◦C until DNA extrac
tion. In the case of invasive mammals, only spleen samples were used for 
DNA extraction and were stored at − 80 ◦C beforehand.

2.2. DNA extraction and processing

Sample extractions were performed individually using a pre- 
manufactured protocol and DNA extraction kit (DNeasy Blood & Tis
sue Kit, Qiagen, Germany). To detect parasite DNA, we targeted the 
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mitochondrial cytochrome c oxidase subunit 1 (cox1) gene and the ri
bosomal S12 protein (S12) gene, using conventional PCR. For molecular 
identification, specific primers were employed to amplify mitochondrial 
and ribosomal gene regions. The cox1 region was amplified using the 
primers COIintF (5′-TGA TTG GTG GTT TTG GTA A-3′) and COIintR (5′- 
ATA AGT ACG AGT ATC AAT AT-3′), while the ribosomal S12 gene was 
targeted using the primers 12SF (5′-GTT CCA GAA TAA TCG GCT A-3′) 
and 12SR (5′-ATT GAC GGA TGA GTT TGT ACC-3′) as described previ
ously (Casiraghi et al., 2001, 2004).

Polymerase chain reactions (PCR) were performed in a total volume 
of 20 μl. For reactions with the cox1 primers, 4 μl of extracted DNA was 
added; for those with the S12 primers, 3 μl was used. The PCR mix in 
both cases contained 0.25 μl DreamTaq DNA Polymerase (5 U/μl), 1 μl of 
each primer (10 mM), 1 μl dNTP mix (10 mM), 2.5 μl MgCl2, 2.5 μl 
DreamTaq Green Buffer, and nuclease-free water was added to reach a 
final volume of 20 μl. Thermal cycling conditions for cox1 amplification 
began with an initial denaturation step at 95 ◦C for 2 min, followed by 
40 cycles consisting of denaturation at 94 ◦C for 30 s, annealing at 47 ◦C 
for 30 s, and extension at 72 ◦C for 50 s. A final extension was carried out 
at 72 ◦C for 5 min. For the S12 gene, the cycling protocol started with a 
1-min denaturation at 94 ◦C, followed by 40 cycles of 98 ◦C for 10 s, 
50 ◦C for 15 s, and 68 ◦C for 1 min. The reaction concluded with a final 
extension step at 68 ◦C for 5 min.

Amplified products were run on a 1.5% agarose gel and visualised 
under UV light. Each PCR reaction was replicated at least twice to 
confirm the consistency of the results. Positive samples were purified 
using a Zymo Research extraction kit (USA) and then submitted for 
sequencing (Eurofins, Germany). Nematode species were subsequently 
identified using GenBank (NCBI, BLAST). The newly generated se
quences were submitted to the GenBank database under the accession 
numbers PZ252551-PZ252561 (cox1), PZ254718-PZ254734 (S12), and 
PZ267076-PZ267088 (S12).

2.3. Data analysis

Data visualisation was performed using RStudio software version R 
4.4.3, with the packages ggplot2 and ggalluvial (Wickham and Chang, 
2016; Brunson and Read, 2018; R Core Team, 2023). Maps were 
generated using QGIS software version 3.40.4 (QGIS Development 
Team, 2023).

3. Results

Samples were collected from across Hungary from multiple carnivore 
species (n = 371, 6 species) (Fig. 1). The highest prevalence of nema
todes was found in European badgers and red foxes, with infection rates 
of 32.0% and 15.7%, respectively (Table 1, Fig. 2). In golden jackals, a 
single infected individual was identified, showing 1.3% infection prev
alence (Table 1). Nematodes were also detected in invasive carnivore 
species: raccoons showed a prevalence of 13.2%, and raccoon dogs 3.7% 
(Table 1, Fig. 2). No infection was detected in beech martens.

Several parasitic nematodes were detected in the examined hosts, 
including Angiostrongylus vasorum (family Angiostrongylidae), Cren
osoma vulpis (family Crenosomatidae), and Dirofilaria immitis (family 
Onchocercidae). In addition, Thelazia callipaeda and Spirocerca lupi 
belong to the families Thelaziidae and Spirocercidae, respectively, 
reflecting the broad taxonomic diversity of parasitic fauna identified in 
the studied hosts (Table 1).

The most frequently detected parasite, Angiostrongylus vasorum 
(n = 15), was found in red foxes, with a prevalence of 7.6% (Table 1). 
Dirofilaria immitis (n = 13) was present in red foxes, badgers, raccoons, 
and one golden jackal. Its prevalence was 8.0% in badgers, 4.0% in red 
foxes, 1.3% in golden jackals, and 5.3% in raccoons (Table 1). Another 
nematode was Crenosoma vulpis (n = 11), detected in five foxes, three 
badgers, and three raccoons, with prevalences of 2.5%, 12.0%, and 

Fig. 1. Geographical distribution of collected samples. Circles of different colours indicate sampled carnivore species. Infected individuals are indicated with a 
positive sign. Scale: 1:4,000,000.
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7.9%, respectively (Table 1, Fig. 3).
Thelazia callipaeda (n = 3) infection was also detected, two infections 

were found in red foxes and one in a raccoon dog, corresponding to 
prevalences of 1.0% and 3.7%, respectively (Table 1). Additionally, 
Spirocerca lupi (n = 1) was found in a single red fox, representing 0.5% 
infection rate. Three more positive samples were detected, all origi
nating from badgers, which did not match any sequences in GenBank. 
No co-infections were observed in any of the samples.

4. Discussion

The infection patterns of invasive carnivores like raccoons and 
raccoon dogs have so far been insufficiently documented in Hungary; 
our study offers the first evidence contributing to their characterisation. 
We found no evidence that raccoon dogs are involved in the trans
mission of Dirofilaria spp., although the presence of these nematodes has 
been confirmed in their native range (Kido et al., 2011). In contrast, two 
raccoon individuals were found infected with D. immitis, even though 
this infection has not previously been documented in European raccoon 
populations. One of the positive samples dates back to 2002, whereas 
the first autochthonous case of D. immitis infection in Hungary was not 
observed until 2007 in a domestic dog (Bacsadi et al., 2016). This sug
gests that the infected raccoon may have been an imported individual of 
unknown origin, particularly since raccoons were being imported and 
kept as pets in Europe during that period without regulation. In the 

southern USA and Mexico, Dirofilaria tenuis infection is frequently found 
in raccoons (Hernández-Núñez et al., 2024). It is therefore plausible that 
genetic similarities between D. tenuis and D. immitis facilitate molecular 
compatibility in these hosts (Hernández-Núñez et al., 2024). Based on 
our results, the role of raccoons as reservoirs or definitive hosts remains 
uncertain; they are likely to function as dead-end hosts, suggesting that 
transmission through them is probably limited, but further studies are 
needed.

Among native carnivore species, D. immitis showed the highest 
prevalence in red foxes and badgers, suggesting these species may play 
roles in the sylvatic cycle of this parasite, and in both intra- and inter
species transmission. A previous study reported a 3.7% prevalence of 
D. immitis in red foxes (Tolnai et al., 2014), a result consistent with our 
data. The first record of D. immitis in badgers in Europe (excluding im
ported cases) was in Romania in 2022, followed by two additional cases 
in Greece in 2024 (Ionică et al., 2022; Markakis et al., 2024). Our study 
identified two more infected badgers, documenting the first such cases 
in Hungary. Although the raccoon dog is a known reservoir of D. immitis 
in its native range in East Asia (Nakagaki et al., 2000), we found no 
evidence of infection in this species in Hungary. Compared with previ
ous prevalence data, it is evident that Dirofilaria infections are increasing 
in both individual numbers and geographical spread among wild 
mammal populations in Hungary and Europe. Based on our findings, 
D. immitis was present in four of the six mammal species examined, 
suggesting some of these species may contribute to its maintenance and 

Table 1 
Molecularly tested carnivore species and prevalence (%) per parasite species. Nematoda fam. gen. sp. represents nematode species of unknown identity, as no matching 
sequences were found in GenBank.

Host species n Parasite species, n (%)

D. immitis C. vulpis T. callipaeda A. vasorum S. lupi Nematoda fam. gen. sp.

Red fox (N = 198) 31 8 (4.0) 5 (2.5) 2 (1.0%) 15 (7.6) 1 (0.5) –
European badger (N = 25) 8 2 (8.0) 3 (12.0) – – – 3 (12.0)
Golden jackal (N = 77) 1 1 (1.3) – – – – –
Beech marten (N = 6) – – – – – – –
Raccoon (N = 38) 5 2 (5.3) 3 (7.9) – – – –
Raccoon dog (N = 27) 1 – – 1 (3.7%) – – –

Abbreviation: N, total number of specimens studied; n, number of infected individuals.

Fig. 2. Infection prevalence among screened carnivore species. Circle size is proportional to sample size, and circle colour refers to the number of parasite species 
identified per host species. Error bars represent 95% confidence intervals. Icons are licensed under CC0 via PhyloPic (www.phylopic.org).
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circulation in nature (Szentiványi and Garamszegi, 2024). However, 
until these hosts are confirmed as definitive or reservoir hosts, further 
studies are needed to substantiate this hypothesis. Dirofilaria immitis is 
transmitted by mosquitoes, with microfilariae circulating in the host’s 
bloodstream and infective larvae transmitted during blood-feeding. In 
Hungary, several mosquito species are implicated as potential vectors, 
particularly Culex pipiens, Aedes vexans, and the invasive Aedes albopictus 
and Aedes koreicus (Szentiványi et al., 2025; Varga et al., 2025). Recent 
studies indicate that both the abundance and distribution of these vec
tors have expanded in Europe, including Hungary, likely driven by cli
matic warming, increased precipitation variability, and anthropogenic 
environmental changes (Morchón et al., 2012; Garamszegi et al., 2025). 
It is important to note that positive samples in vertebrate hosts indicate 
the presence of microfilariae, which confirms active infection (Ionica 
et al., 2017). However, the absence of microfilariae does not necessarily 
indicate the pathogen is absent, as negative results can be influenced by 
factors such as the host’s immune response, single-sex worm infections, 
the prepatent period, or the parasite not being present in the sampled 
tissue (Simón et al., 2007; Pietrzak et al., 2024). Dirofilaria repens was 

not found in any tested carnivore samples.
The detection of Thelazia callipaeda in the invasive raccoon dog in 

Hungary is a significant finding with both epidemiological and ecolog
ical implications. This parasite has been present in western Europe for 
nearly 30 years (Farkas et al., 2018; Do Vale et al., 2020). In neigh
bouring countries, infections in red foxes have been reported in Serbia, 
Romania, and Slovakia, whereas in Hungary the pathogen has recently 
been detected in red foxes and jackals; however, the majority of cases 
have occurred in domestic dogs, with a single reported case in a cat 
(Čabanová et al., 2018; Farkas et al., 2018; Ionica et al., 2019; Nagy 
et al., 2026). To date, only one documented case exists in raccoon dogs 
(in Korea), although another species in the same genus, the Japanese 
raccoon dog or tanuki (Nyctereutes viverrinus), has shown higher preva
lence in Japan (Doi et al., 2023; Jang et al., 2025). The observation that 
a raccoon dog in Hungary hosts this nematode species suggests that this 
newly introduced carnivore may serve as a novel reservoir host for the 
zoonotic eyeworm, hence supporting its persistence and facilitating its 
spread in new areas. Given the species’ ongoing expansion across central 
and eastern Europe, their potential involvement in the life cycle of 

Fig. 3. Host-parasite associations. Relationship between mammal host species (a: European badger; b: golden jackal; c: raccoon, d: raccoon dog; e: red fox) and 
parasite species. The height of the white bars indicates the relative frequency among infected individuals and identified parasites. Different colours are assigned to 
parasite species. The unidentified data represent nematode species of unknown identity, as no matching sequences were found in GenBank. Icons are licensed under 
CC0 via PhyloPic (www.phylopic.org).
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T. callipaeda could contribute to the further geographical spread of this 
parasite. This is of particular concern as T. callipaeda infects domestic 
animals and humans, raising potential public health risks (Otašević 
et al., 2014). However, it is important to note that only a single infected 
raccoon dog was identified in our study, which suggests that, at present, 
this species may play only a minor or incidental role in the parasite’s 
transmission dynamics. Nonetheless, the identification of T. callipaeda in 
an invasive mammal highlights the importance of monitoring such 
species, as they may influence the emergence and maintenance of 
vector-borne zoonoses in changing ecosystems (Farkas et al., 2018; Doi 
et al., 2023; Jang et al., 2025).

In Hungary, Crenosoma vulpis is one of the most widespread lung
worms in foxes, with particularly high prevalence in the Northern 
Hungarian Mountains and Transdanubia (Tolnai et al., 2015). It was 
present in three species, including foxes, badgers, and invasive raccoons. 
The latter two are rarely reported as hosts, suggesting they may serve as 
incidental hosts of Crenosoma spp. (Deak et al., 2023). Prior to our 
findings, C. vulpis has not been reported in raccoons, but in the USA, a 
related species, C. goblei, frequently infects wild raccoons (Groves et al., 
2020). The detection of C. vulpis in invasive mammals in Hungary 
highlights the expanding host range of this lungworm, suggesting that 
invasive species may act as new reservoirs or carriers. This finding could 
indicate potential changes in parasite transmission dynamics, which 
may impact both wildlife and domestic animals. Monitoring C. vulpis in 
invasive hosts is therefore crucial for understanding its spread and 
managing parasitic infections in the region.

The presence of A. vasorum has been documented in domestic dogs, 
red foxes and golden jackals, with early reports dating back to 1960 in 
Hungary (Majoros et al., 2010). Our work has also revealed the presence 
of this parasite in red foxes, showing similar patterns to previous studies. 
Previous work has examined 567 red foxes in Romania and found a 4.2% 
prevalence of A. vasorum infection, with no significant differences 
regarding host sex, age, or county of origin (Deak et al., 2017). In 
Hungary, a large-scale serological survey involving 1247 dogs revealed 
that 1.36% were positive for A. vasorum, indicating an endemic presence 
of the parasite in domestic canid populations (Schnyder et al., 2015). 
The distribution of A. vasorum appears to be influenced by environ
mental factors, particularly annual precipitation and temperature, 
which affect the survival of intermediate hosts such as slugs and snails 
(Tolnai et al., 2015). Monitoring the prevalence and distribution of 
A. vasorum in wild canid populations is essential for understanding the 
spread of the disease and implementing effective control measures to 
protect both wildlife and domestic animals.

Lastly, Spirocerca lupi was also found in a single red fox individual. 
This parasitic nematode primarily infects canids, especially domestic 
dogs and wild carnivores such as red foxes and golden jackals. In Europe, 
S. lupi has been reported sporadically, with higher prevalence in 
southern and southeastern countries (Mylonakis et al., 2001; Ferrantelli 
et al., 2010). In Hungary, sporadic cases in domestic dogs have been 
reported; however, these remain rare in comparison to endemic regions 
(Psáder et al., 2017).

A limitation of this study is that only blood and/or spleen samples 
were screened as only these were available, which are not the primary 
tissues for several of the parasites detected. For instance, T. callipaeda is 
generally not present in blood or spleen, as it can be found in the 
conjunctival sac. Hence, the detection of its DNA likely reflects either a 
microtrauma causing these parasites to enter blood or circulating cell- 
free DNA from worms. Consequently, some infections may have been 
missed, potentially leading to an underestimation of prevalence for 
certain species.

5. Conclusions

We found that several parasitic species, including potentially zoo
notic ones, infect multiple hosts, including invasive species, suggesting 
that interspecies host switching may be more common than previously 

assumed. The presence of D. immitis and C. vulpis in invasive raccoons 
further stresses their importance in disease networks and highlights the 
need for additional research on these rapidly spreading host species. 
Host spectrum and infection patterns of filarial nematodes in wild 
mammals often remain understudied, and the role of wild carnivores in 
interspecific transmission is also unclear. Monitoring both invasive and 
native carnivore species for nematodes is essential for understanding 
and mitigating the risks they pose to animal and human health. The 
spread of these parasites among wild carnivores can sustain their life 
cycles in nature, increasing the likelihood of transmission to domestic 
animals and humans, particularly in areas where human and wildlife 
habitats overlap. Equally important are nematodes like C. vulpis, which, 
while not zoonotic, can cause serious respiratory disease in domestic 
dogs. The presence of such parasites in wildlife indicates environmental 
circulation and highlights the risk of infection to companion animals, 
especially in rural or peri-urban settings where contact with wild hosts 
or their habitats is possible. Additionally, reverse spillover from do
mestic carnivores to wildlife is a growing concern. In areas with high 
densities of domestic dogs and cats, especially those not treated regu
larly with antiparasitic drugs, parasites can be introduced into wild 
populations. This can alter parasite-host dynamics, establish new res
ervoirs, and potentially threaten native wildlife health and conservation 
efforts. Thus, regular surveillance of both wild and domestic carnivores 
is essential for understanding parasite transmission dynamics, predict
ing outbreaks, and implementing effective control strategies.
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Varga, Z., Csiba, R., Ábrahám, Á., Pásztor, D., Németh, C., Kemenesi, G., et al., 2025. 
Investigating the impact of endemic mosquitoes and invasive Aedes species on the 
circulation of Dirofilaria nematodes. Parasites Vectors 18, 266. https://doi.org/ 
10.1186/s13071-025-06901-0.

Veronesi, F., Deak, G., Diakou, A., 2023. Wild mesocarnivores as reservoirs of 
endoparasites causing important zoonoses and emerging bridging infections across 
Europe. Pathogens 12, 178. https://doi.org/10.3390/pathogens12020178.

Wickham, H., Chang, W., 2016. ggplot2: Create elegant data visualisations using the 
grammar of graphics. Springer, Cham, Switzerland. https://ggplot2.tidyverse.org/. 
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