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A B S T R A C T

This study reports the first co-infection of Angiostrongylus vasorum and Dirofilaria immitis, two nematodes
affecting canid cardiopulmonary systems, in golden jackals (Canis aureus) in Italy. Data on golden jackal car-
casses, recovered in Friuli Venezia Giulia (Italy) from 2020 to 2023, were recorded using InfoFaunaFVG wildlife
monitoring network. Out of 60 necropsied golden jackals, 24 tested positive for either pathogen, with 3 animals
displaying co-infection. Pathological findings included verminous pneumonia, abdominal and thoracic bleeding,
and adult individuals in the heart and pulmonary arteries. The recent expansion of the golden jackal in northern
Italy may favour the establishment and spread of these nematodes, posing challenges for disease containment
and surveillance. Given the increasing prevalence of angiostrongylosis and cardiopulmonary dirofilariosis in
Europe, health monitoring of wild canids is essential to reduce their potential impact.

1. Introduction

The golden jackal (Canis aureus), a mesocarnivore, has recently
experienced a rapid large-scale geographic expansion, originating in
southeastern Europe and the Caucasus and expanding westward into the
Balkans and parts of Central Europe (Ranc et al., 2022). This species
established in Friuli Venezia Giulia (FVG), a region in north-eastern
Italy, in the mid-1980s (Lapini et al., 2009). Several factors may be
behind the recent expansion in distribution, primarily, changes in land
use and absence of apex predators (Fabbri et al., 2014; Ranc et al.,
2022). Alongside the expansion of golden jackal’s range and density
within FVG (Lapini et al., 2018) and the whole Italian peninsula, its
epidemiological role as reservoir in the transmission of parasitic path-
ogens increases, justifying an intensification of health surveillance of
this species. Parasitic infections, particularly helminths, are frequent in
golden jackals and are reported across multiple locations (Gavrilović
et al., 2019; Gherman and Mihalca, 2017; Veronesi et al., 2023).
Angiostrongylus vasorum (Rhabditida, Metastrongylidae) and Dirofilaria
immitis (Spirurida, Onchocercidae) are two of the prevalent nematodes
affecting these canids. Both pathogens share target organs, clinical signs,
and endemic region distribution in host species. Co-infection with

A. vasorum and D. immitis in golden jackals has been previously
described in northern Serbia (Gavrilović et al., 2017), yet occurrence
beyond this instance remains largely unreported. Hosts infected by
A. vasorum may develop granulomatous pneumonia and inflammation
during L1migration in lung tissue, leading to symptoms such as gagging,
coughing, dyspnea, and bleeding disorders (Koch and Willesen, 2009).
The prevalence of A. vasorum has increased in domestic and wild canids
across Europe in recent decades, with some regions experiencing a
fourfold increase in reported infections (Gillis-Germitsch et al., 2020).
This nematode is present in Italy and angiostrongylosis has been
recently confirmed in golden jackals in FVG (Beraldo et al., 2022).
D. immitis is the etiological agent of canine heartworm disease, pri-

marily affecting dogs but also has a broad host range (wild canids, felids,
mustelids, primates, marine mammals, rodents, and ungulates). The
disease is characterized by vascular and pulmonary pathology, initiated
by pulmonary endarteritis and progressing to pulmonary hypertension
and right-sided congestive heart failure, which is a severe and poten-
tially fatal condition (Morchón et al., 2022). Despite prevention and
control efforts, particularly in dogs, canine heartworm disease has
exhibited a northward expansion over the past decade, with the emer-
gence of new endemic foci in Eastern and Northeastern Europe (Genchi
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and Kramer, 2020; Morchón et al., 2022). The expansion of potentially
microfilaremic wild canids across Europe poses a significant risk for the
dissemination of D. immitis, in association to the presence of competent
vector mosquito species and favourable climatic conditions simulta-
neously. In that regard, the golden jackal might play a role in the
transmission of this parasite due to the expected increase in its distri-
bution in Europe and being a potential reservoir (Cunze and Klimpel,
2022). The highest prevalence of D. immitis infection in golden jackals
has been recorded in Bulgaria, Serbia, Hungary, and Romania, with
infection rates reaching up to 35% of the population (Veronesi et al.,
2023). Jackals from these regions disperse significantly to new breeding
areas, contributing to the spread of the infection. While A. vasorum in-
fections have been previously reported in golden jackal in Italy, there
are no reports of D. immitis infections. The aim of this study is to report
the first cases of golden jackal co-infection of A. vasorum and D. immitis
in Italy and to describe the parasitological and anatomopathological
findings.

2. Material and methods

From January 2020 to December 2023, data regarding golden jackal
carcasses retrieved in FVG were recorded in the InfoFaunaFVG regional
wildlife health surveillance network (Tomè et al., 2023). Among 109
golden jackals (primarily killed by vehicle collision) undergoing nec-
ropsy, 60 animals were deemed suitable for anatomopathological and
parasitological examinations of the cardiopulmonary system at the
University of Udine, jointly with the Istituto Zooprofilattico Sper-
imentale delle Venezie and Museo Friulano di Storia Naturale (Udine).
Heart, pulmonary arteries, and lungs were macroscopically examined
for evidence of gross lesions and the presence of adult nematodes.
Furthermore, the pulmonary vascular system was opened under a ste-
reomicroscope and visible worms were extracted; additional adult

nematodes were also recovered after thoroughly washing lung tissue.
The adults collected were identified based on their morphological and
morphometric features, using keys published in the international liter-
ature (Costa et al., 2003; Furtado et al., 2010; Yamaguti, 1961). Lung
and heart samples were collected, fixed in 4% buffered formaldehyde,
and automatically processed for histopathological evaluation.
Parasites were morphologically identified and DNA was extracted

using QIAmp DNA Mini Kit (Qiagen, Hilden, Germany) following the
tissue protocol with 3 h of lysis in ATL buffer. The concentration and
purity of the extracted DNA were assessed using a NanoDrop One
spectrophotometer (Thermo Scientific, Waltham, MA, USA). Extracted
DNA was then amplified in both directions using the same primers as for
PCR using HotStartTaq Plus DNA Polymerase (Qiagen), and the reaction
included: 2.5 μl of PCR buffer, 0.5 μl of dNTP mix, 0.75 μl of each for-
ward and reverse primer, 0.125 μl of DNA polymerase, 15.4 μl of water
and 5 μl of sample DNA. Thermal cycling conditions followed the
manufacturer’s instructions. The target gene was 18S rRNA (Forward
primer: GGCGATCAGATACCGCCCTAGTT, Reverse primer:
TACAAAGGGCAGGGACGTAAT; annealing temperature: 53 ◦C; ampli-
con length: 620 bp (Guardone et al., 2013). DNA amplification and
amplicons dimensions were verified by 1.5% agarose gel and molecular
weight standards. Amplified DNA was purified using QIAquick PCR
Purification Kit (Qiagen) and the purified DNA was sent to be sequenced
to Genewiz company (Leipzig, Germany). Parasite identification was
made using by Mega-X software, 10.2.5 version, doing a Blast (NLM,
Bethesda, USA) search on the alignments.

3. Results

Nematodes collected from the right ventricle and pulmonary arteries
of golden jackals were identified on their morphological criteria as
A. vasorum and D. immitis, and for the molecular identification, the

Fig. 1. Georeferencing of recovery sites of golden jackal infected by A. vasorum (red dots), D. immitis (yellow dots) and co-infections (black dots) in the period
between 2020 and 2023 in FVG region.
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alignment percentage in Blast was greater than 99% for both A. vasorum
and D. immitis.
Twenty-one out of 60 golden jackal specimens examined harboured

either A. vasorum or D. immitis infections in their cardiopulmonary sys-
tems. Prevalence of A. vasorum and D. immitis was 31.7% (95% CI:
20.3–45.0) and 8.3% (95% CI: 2.0–18.4%) and mean intensity was 8
(95% CI: 3.42–18.2; range 1–56) and 4 (95% CI: 3–4.2; range 3–6)
respectively. Notably, in the last two years, 3 out of 60 animals (all male
adults) were co-infected with both A. vasorum and D. immitis. Fig. 1
depicts the recovery locations of all parasitized animals, including those
co-infected in FVG region.
Macroscopic and microscopic lesions in the lung parenchyma were

similar in all co-infected cases (Fig. 2). D. immitis adults were mainly
located in the right heart atrium and ventricle and, in one case, in both
heart and pulmonary arteries. A. vasorum adults were all recovered in
lung arterial system. The infected lungs of golden jackals appeared
generally haemorrhagic, with multifocal poorly defined red to yellow-
brown nodular firmer areas in the ventral edges of lung lobes. The
caudal lung lobes were most affected. Multifocal dark brown-black areas
representing thrombotic infarcts were also often visible. Tracheobron-
chial lymph nodes were often haemorrhagic and oedematous.
Commonly visible lesions included right-sided cardiomegaly with
flaccid chambers. In one animal, with no evidence of head traumatic
injury, the presence of diffuse haemorrhage within subdural meningeal
was observed.
Most consistent microscopic findings were compatible with multi-

focal granulomatous interstitial pneumonia. The granulomatous areas
contained small central necrotic tissue and occasionally small, calcified
areas. Giant macrophagic cells were often visible within granulomatous

areas. Embryonated eggs and first-stage larvae of A. vasorum were often
embedded within these inflammatory foci. The alveolar septa were
thickened by lymphohistiocytic infiltration. In addition, adult nema-
todes were found in blood vessels concurrently with thrombotic lesions
(Fig. 2). Proliferative villous endarteritis associated with the presence of
D. immitis was also observed.

4. Discussion

Unsurprisingly, this report confirms that golden jackal is prone to
potentially life-threatening cardiovascular and pulmonary complica-
tions due to co-infestations of A. vasorum and D. immitis parasites. The
pathological findings observed align with previous studies, demon-
strating typical lesions induced by these nematode species in other wild
canids (Bourque et al., 2008; Gavrilović et al., 2014, 2017; Gredal et al.,
2011; Mircean et al., 2017). Non-traumatic bleeding within the
abdominal and thoracic cavities might stem from a multifactorial indi-
rect response of the host to A. vasorum infection (Gillis-Germitsch et al.,
2021), but other differentials are definitively possible.
Notably, the cases presented mark the first documented report of

D. immitis infection of this species in Italy. Parasitological and anato-
mopathological findings described here corroborate the presence of
sylvatic cycle for both angiostrongylosis and cardiopulmonary dir-
ofilariosis in FVG, also confirming the epidemiological role of golden
jackal for both etiological agents.
The golden jackal is an opportunistic omnivore, its diet is seasonally

flexible and diverse, predominantly composed by animal-derived foods
supplemented with fruits (Lange et al., 2021). Additionally, golden
jackal often displays scavenging behavior, readily utilizing

Fig. 2. Pathological findings in case of co-infection with D. immitis and A. vasorum in a golden jackal. (A) Presence of adult D. immitis within the right cardiac
chambers (bar = 1 cm). (B) Lung parenchyma show multifocal poorly defined red to yellow-brown nodular firmer areas in the ventral edges of lung lobes (white
circle and inset). Multifocal dark brown-black areas representing thrombotic infarcts are also often visible (white square and inset). (bar = 2 cm). (C) Female adult of
A. vasorum nematode within a small pulmonary artery (bar = 1 cm). (D) Cross section of adult A. vasorum (black stars) and a thrombus (Th) in the lumen of a small
pulmonary artery. Hematoxylin and eosin. (E) Lung parenchyma show multifocal granulomatous interstitial pneumonia. The granulomatous areas contained small
central necrotic tissue and occasionally small, calcified areas. Giant macrophagic cells are visible within granulomatous areas (white circle). Embryonated eggs and
first-stage larvae of A. vasorum are embedded within these inflammatory foci (black arrows). Masson’s trichrome.
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anthropogenic food sources. This broad dietary niche, coupled with its
extensive territorial mobility (ranging from 1 to 20 km2) and adapt-
ability to novel habitats (including peri urban and urban environments),
facilitates contact between golden jackals and synanthropic, domestic,
and wild animals (Fenton et al., 2021).
The golden jackal may play a role as reservoir and bridge hosts for

emerging parasites in Europe. The distribution expansion of this species
may introduce parasites into new areas, facilitating transmission to
sympatric domestic animals. Notably, some of these parasites have
zoonotic potential, such as D. immitis, highlighting the importance of a
One Health approach to their management. This approach is particularly
relevant considering the ongoing environmental transitions driven by
climate change, land-use alterations, habitat degradation, and the
rewilding of urban spaces. To effectively address this challenge, broad
surveys and continuous monitoring are crucial to elucidate the preva-
lence and epidemiology of both A. vasorum and D. immitis in golden
jackals and other wild canids (e.g. foxes).
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