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In Hungary, twenty Canis aureus individuals were submitted to parasi-
tological examinations in 2010-2012. Two Coccidia: Cystoisospora canis (15%)
and Toxoplasma-type oocysts (5%), one Trematoda: Alaria alata (10%), six Cestoda:
Mesocestoides lineatus (20%), Echinococcus granulosus (10%), Dipylidium caninum
(5%), Taenia hydatigena (15%), Taenia pisiformis (20%), Taenia crassiceps
(40%), and nine Nematoda: Angiostrongylus vasorum (10%), Crenosoma vulpis
(30%), Capillaria aerophila (5%), Toxocara canis (20%), Toxascaris leonina
(15%), Trichuris vulpis (10%), Ancylostoma caninum (45%), Uncinaria stenocephala
(40%), Capillaria plica (45%) have been identified. Angiostronglyus vasorum has
been reported from carnivores in Europe, Africa, South America and North Amer-
ica. The helminth A. vasorum or French heartworm is a metastrongylid nematode,
widely distributed in Western Europe, that infects the pulmonary arterial tree of
dogs, various species of foxes, wolves, Eurasian badgers, coyotes and stoats. To
our knowledge, this is the first report of natural A. vasorum infection in golden
jackal.

Key words: Parasites, Angiostrongylus vasorum, golden jackal, Hungary

The golden jackal (Canis aureus), a species that had become extinct in the
territory of Hungary earlier, started to recolonise the areas near the southern bor-
ders of the country more than two decades ago (Szabo et al., 2009). The species
has a high population density (2.5-4 family groups/km®, 2—4 individuals/group)
in the southern part of Hungary, especially in Baranya county (Lanszki et al.,
2007). The golden jackal is a species characterised by extremely high adaptabil-
ity. Its food acquisition habits are based on solitary hunting in addition to hunting
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in pairs as well as together with family members in the period of teaching the
young to hunt. The golden jackal is a potential competitor of the red fox (Vulpes
vulpes). It uses the food sources available in the area inhabited by it, and its main
food source is constituted by small mammals present in some areas in a large
biomass, as well as animal cadavers. Besides the above food sources, the golden
jackal eats birds, plants (fruits, maize kernels, other plant seeds) as well as in-
sects. In addition, occasionally the young or injured (e.g. wounded) individuals
of large game species and domestic animals also serve as its food sources (Lan-
szki et al., 2006). Its reproduction takes place in a manner typical of gregarious
species of the Canidae family (Macdonald, 1979), and it bears the greatest re-
semblance to the reproduction of wolves (Lapini et al., 2009). Very little infor-
mation is available on the parasite fauna of the golden jackal, with only two stud-
ies being known from Europe. During a study involving 13 individuals in Bul-
garia (Trifonov et al., 1970), 1 Trematoda, 2 Nematoda and 5 Cestoda species
were detected, while a study conducted in Greece on a total of five golden jack-
als (Papadopoulos et al., 1997) revealed the presence of as few as five parasite
species (1 Trematoda, 1 Cestoda and 3 Nematoda species). The parasite fauna of
jackals in Iran was found to be much more diverse (Sadigham, 1969; Dalimi and
Mobedi, 1992; Dalimi et al., 2006; Meshgi et al., 2009), as the studies conducted
there demonstrated the presence of 24 parasite species including 3 Trematoda,
8 Nematoda, 11 Cestoda and 2 Acanthocephala species.

The objective of this study was to obtain data on endoparasite infections of
the golden jackal, for the first time in Hungary.

Materials and methods

In the period between 1 October 2010 and 21 June 2012, 17 golden jackals
brought down during individual hunts and 3 golden jackals hit by vehicles were
examined by parasitological dissection. The animals originated from the geo-
graphic areas shown in Fig. 1. According to age estimation based on appearance,
body measurements and dentition, the animals belonged to the following age
categories: 3 juvenile females (less than 1 year old), 2 juvenile males, 4 subadult
males, 4 subadult females, 3 adult females and 4 adult males.

All internal organs removed during evisceration were stored and trans-
ported in closed, drip-proof, double-insulated bags. The animals’ head and inter-
nal organs were placed in a freezer box and, after defrosting them one by one at
the appropriate time, subjected to parasitological examination. The oesophagus
and the trachea were opened, and impression smears were taken from the mucous
membranes with a microscope slide. The heart and the lung halves were taken
out of the thoracic cavity in their entirety. From the removed heart, a blood sam-
ple was taken into a citrated blood collection tube and later subjected to Knott’s
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test for the presence of microfilariae. The large veins and arteries were cut
through at the remotest possible point from the heart, the heart was cut open and
its exposed chambers, together with the large blood vessels, were flushed with
physiological saline. The lung was placed into a separate dish, cut open up to the
bifurcation of the large bronchi, and then its sharp margins were cut off with a
pair of scissors at a width of 1 cm. The chambers of the heart and the small and
large bronchi of the lung halves were flushed with physiological saline solution
using a large syringe. Subsequently, the lung was cut into pieces the size of sugar
cubes and, after soaking for a few hours, the content of the pieces was squeezed
out and the fluid was decanted. The sediment was placed in a Petri dish and ex-
amined under a stereomicroscope. Muscle samples taken from the crura of the
diaphragm and the coccygeal muscle were examined for the presence of Trichi-
nella larvae by trichinoscopy (using the so-called compressorium technique). A
total of 7 muscle samples the size of a rice grain from each crus of the diaphragm
and 28 samples from the coccygeal muscle were examined. Six- to eight-
centimetre-long sections of the duodenum were cut open, their content was col-
lected in a Petri dish and examined by stereomicroscopy. The remaining parts of
the small intestine were cut into 20- to 30-cm pieces, and helminths were col-
lected from the intestinal content after clarification. The helminths and helminth
chains were placed into 7% formalin and then stored in 70% ethanol. For flota-
tion of the individual faecal samples magnesium sulphate solution with a density
of 1.28-1.32 was used.
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Fig. 1. Spatial distribution of the golden jackals involved in the study

The oocysts of Cystoisospora canis and Toxoplasma species were detected
by faecal examination and the helminth species were identified on the basis of
their morphological characteristics and egg size. Species identification of the
parasites was done according to the works of Kotlan (1961), Verster (1969), Ed-
wards and Herbert (1981), Khalil et al. (1994) and Rommel et al. (2000).
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Results

Cystoisospora canis oocysts occurred in low numbers in 2 adult male
golden jackals and in 1 subadult female, while Toxoplasma-type oocysts were
found in 1 adult male. The fluke Alaria alata was found in 2 adult males, while
infection with the nematode Trichuris vulpis was detected in 1 adult female and
1 adult male golden jackal. Ancylostoma caninum occurred in 2 juvenile male,
3 juvenile female, 1 adult male and 3 adult female jackals. Uncinaria steno-
cephala was found in 3 juvenile females, 2 juvenile males and 3 adult females.
Capillaria plica was present in 1 adult female, 4 subadult males and 4 adult
males. Toxocara canis was recovered from 4 adult males, while Toxascaris
leonina from 1 adult female and 2 adult males.

In this study, 2 male (Fig. 2) and 6 female specimens (Fig. 3) of An-
giostrongylus vasorum were recovered from the left ventricle of the heart and the
pulmonary artery of a juvenile female and an adult male golden jackal.

Fig. 2. The tail end of a male Angiostrongylus vasorum identified from golden jackal

The lungworm Crenosoma vulpis was detected in 4 adult male and 2
subadult female jackals, while Capillaria aerophila occurred in a single adult
male. Four adult male jackals were found to be infected with a low number of
Mesocestoides lineatus specimens. Echinococcus granulosus was found in 1 ju-
venile female and 1 adult female jackal. Dipylidium caninum occurred in 1 adult
male. The cestode Taenia hydatigena was identified in the small intestine of 3
adult male jackals, while 7. crassiceps was present in a total of 8 golden jackals
(2 adult and 2 juvenile females and 4 adult males). Taenia pisiformis was found
in 3 adult male jackals and in 1 adult female.
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Fig. 3. A female Angiostrongylus vasorum identified from golden jackal

The results of Knott’s test for detecting microfilariae in the blood were

negative.

The overall data of parasite recoveries are presented in Table 1.

Helminth infection of the golden jackals examined (n = 20)

Table 1

Parasite species

No. of infected hosts

Extensity, %

No. of worms found

Cystoisospora canis
Toxoplasma-type oocysts
Alaria alata
Mesocestoides lineatus
Echinococcus granulosus
Dipylidium caninum
Taenia hydatigena
Taenia crassiceps

Taenia pisiformis
Trichuris vulpis
Ancylostoma caninum
Uncinaria stenocephala
Angiostrongylus vasorum
Crenosoma vulpis
Capillaria aerophila
Capillaria plica
Toxocara canis
Toxascaris leonina
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5
10
20
10

5
15
40
20
10
40
40
10
30

5
45
20
15

40
24
41

40
18
19
166
78

29

65
26
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Discussion

All animals harboured parasites. Parasite species specific for Canidae oc-
curred in large numbers in our study material (Table 1). Of the helminth species
detected in red foxes during our previous study conducted in Kétujfalu, Baranya
county (Takéacs, 2001), the species A. alata, T. leonina, A. caninum and C. plica
were found in the golden jackal as well. Data on the occurrence of the lungworm
species A. vasorum in red foxes and dogs in Hungary were reported by Sréter et
al. (2003) and Fukar et al. (2007), respectively.

So far the parasite fauna of the golden jackal has not been studied in Hun-
gary. By examining 13 golden jackals in Bulgaria, Trifonov et al. (1970) found
the following helminth species: U. stenocephala (64%), T. hydatigena (55%),
Trichinella spiralis larvae (45% — these did not occur in the present study), 7.
leonina (36%), M. lineatus (27%), E. granulosus (23%), T. pisiformis (18%), M.
multiceps (9% — not found in the present study) and 4. alata (9%). The further 10
helminth species detected by us had not occurred in the Bulgarian study. The ex-
amination of 5 golden jackals in Greece revealed the presence of A. alata (20%), T.
canis (40%), U. stenocephala (80%), A. caninum (20%) and T. pisiformis (20%)
(Papadopoulos et al., 1997). Dalimi et al. (2006) reported data on the helminth
infection of 10 jackals examined in Iran, demonstrating the presence of 7. canis
(10%), T. leonina (30%), T. hydatigena (10%), D. caninum (20%) and M. linea-
tus (70%). However, E. granulosus, A. caninum and U. stenocephala did not oc-
cur in their study material. The helminth A. vasorum was not detected in any of
the above-cited studies. To the best of our knowledge, there are no data in the in-
ternational literature on the detection of A. vasorum in naturally infected golden
jackals, although experimental infection of both jackals and cats with this nema-
tode has been successful, and the host range of 4. vasorum includes several fox
species and also the dog (Bolt et al., 1994; Conboy, 2000).

The fact that the low-pathogenicity fluke species 4. alata, known to occur
also in the small intestine of foxes in Hungary, is a member of the helminth fauna
of jackals is indicative of the presence of water snail intermediate hosts that can
be taken up by the host in the aquatic habitats (Takacs, 2001). In Germany, 30%
of a total of 101 foxes examined were found to be infected by that fluke (Stein-
bach et al., 1994). In the aquatic habitats located in several places near our sam-
ple collection sites, not only the dog and the fox but also the jackal can be the de-
finitive host of the cestode M. lineatus. Of the taeniid tapeworms, the cysticercus
tenuicollis larval form of 7. hydatigena develops in the abdominal cavity and
liver of farm animals that have died or been predated on, including sheep and
pigs, as well as wild boar (Sus scrofa) and roe-deer (Capreolus capreolus), and
golden jackals may have access to these infected intermediate hosts. Cysticercus
longicollis, the larval form of 7. crassiceps, develops in the abdominal cavity of
small mammal intermediate hosts. In certain periods, common voles (Microtus
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arvalis), wood mice (Apodemus spp.) and bank voles (Myodes glareolus) consti-
tute the main food source of jackals (Lanszki et al., 2006), and thus jackals may
easily become infected by the tapeworm 7. crassiceps. The intermediate host of
cysticercus pisiformis, the larval form of 7. pisiformis is the brown hare (Lepus
europaeus). The presence of this tapeworm in jackals is suggestive of predation
on the brown hare (Boch and Schneidawind, 1988), which has been proved by
the study of feeding habits (Lanszki et al., 2006).

The most important hosts of E. granulosus are the dog and, of the free-
living Canidae, the wolf (Canis lupus) and the jackal, but this tapeworm occurs
in the dingo (Canis lupus dingo) and the hyena (Hyaena hyaena) as well (Kotlan,
1961). Echinococcus hydatidosus, the infective larva of E. granulosus develops
in the liver and lungs of farm animals, wild boar, free-living ruminants (and
rarely humans) acting as intermediate hosts (Kassai, 2003). According to an im-
proper hunting practice, the viscera of game bagged during hunts are left at the
place of bagging and, thus, they may be consumed by birds, foxes, stray dogs
and, in areas where jackals occur, mainly by jackals.

It is striking that, according to the data obtained during the present study,
the jackal is often infected by hookworms (4. caninum, U. stenocephala). When
present in populations comprising more than two hundred specimens, A. caninum
may cause severe disease and death in puppies (Kassai, 2003). Humans may also
become infected by A. caninum (Prociv and Croese, 1996; Shamir et al., 2001).

Trichinella larvae were not found in the muscle samples taken from the
crura of the diaphragm and the coccygeal muscle. In contrast to this, golden
jackals infected by trichinellae (7. britovi) have already been found in Bulgaria
(Trifonov et al., 1970) as well as in Romania, a country neighbouring Hungary
(Blaga et al., 2008).

In summary, it can be stated that the intensity and extensity of helminth in-
fection in golden jackals originating from Baranya, Pest, Fejér and Bacs-Kiskun
counties were low; thus, this infection is unlikely to play a notable epidemiologi-
cal role in the infection of domestic animals and humans. More importantly, the
present study provided the first record on the occurrence of the nematode A.
vasorum in golden jackal.
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