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Der Goldschakal (Canis aureus):  
Ein neuer Wirt für Echinococcus 
 multilocularis und Trichinella britovi  
in der Schweiz

Der Goldschakal (Canis aureus) ist eine neue Wildkanidenart 
in der Schweiz, deren Verbreitung offiziell überwacht wird. 
Alle toten Tiere werden einer pathologischen Untersuchung 
unterzogen, um Basisdaten zur Gesundheit der Tierart zu 
sammeln. Dabei wird auch auf Parasiten untersucht, insbe-
sondere auf meldepflichtige, zoonotische Parasiten wie Trichi-
nella spp. oder Echinococcus spp. Zwischen 2016 und 2021 
wurden fünf tote Goldschakale aus vier Kantonen aufgefun-
den. In einem Fall wurden nur fixierte Organe zugeschickt, 
was eine parasitologische Untersuchung verunmöglichte. 
Alle während der Sektion oder in den koprologischen Un-
tersuchungen gefundenen Parasitenstadien wurden morpho-
logisch bestimmt. Taeniiden-Eier und adulte Bandwürmer 
wurden zudem molekularbiologisch identifiziert. Zusätzlich 
wurde von jedem Tier Zungen- und Zwerchfellmuskulatur 
mittels künstlicher Verdauung auf Trichinella spp. untersucht 
und dabei gefundene Larven mittels Multiplex-PCR identi-
fiziert. Parasitologisch wurden bei einem Tier Hakenwurmei-
er, bei einem anderen sowohl adulte Würmer wie auch Eier 
von Echinococcus multilocularis und bei einem Fall keine Pa-
rasiten gefunden. Bei einem weiteren Fall wurden Eier von 
E. multilocularis und Toxocara canis, sowie Sporozysten von 
Sarcocystis sp. beobachtet. In der Muskulatur desselben Tieres 
wurden Larven von T. britovi nachgewiesen. Das Programm 
zur Gesundheitsüberwachung von geschützten Karnivoren 
erlaubte es, den Goldschakal als weiteren Wirt für die ende-
mischen Parasiten E. multilocularis und T. britovi zu identifi-
zieren. JägerInnen, LandwirtInnen und andere Personen, 
welche in Kontakt mit Goldschakalen kommen könnten, 
sollten sich diesem Gesundheitsrisiko bewusst sein und so-
wohl Kot wie auch Tierkörper mit Vorsicht behandeln.

Schlüsselwörter: Canis aureus, Gesundheitsüberwachung, 
Parasit, Wildtier, Zoonose

Summary

The golden jackal (Canis aureus) is a wild canid new to 
Switzerland. It is an officially monitored species and all 
deceased individuals are submitted for post-mortem exam-
ination to collect baseline health data. This includes para-
sitological examinations, with an emphasis on zoonotic, 
reportable infections, such as those caused by Trichinella 
spp. or Echinococcus spp. From 2016 to 2021, five golden 
jackals originating from four Swiss cantons were submitted 
for full post-mortem examination. In one case only organ 
samples were available, and therefore parasitological exam-
ination was not possible. Parasite stages recovered during 
necropsy, as well as by routine coproscopical techniques, 
were morphologically identified. Taeniid eggs and adult 
tapeworms were processed for molecular species identifica-
tion. Additionally, tongue and diaphragm were analysed 
for Trichinella spp. by the artificial digestion technique fol-
lowed by multiplex-PCR in positive cases. Of the four jack-
als investigated for parasites, hookworm eggs were detected 
in one animal, both adult worms and eggs of Echinococcus 
multilocularis were present in another case, and one animal 
was free of parasites. Eggs of E. multilocularis as well as eggs 
of Toxocara canis and sporocysts of Sarcocystis sp. were de-
tected in the intestinal content, and Trichinella britovi larvae 
were found in the muscle samples of the last case. The 
health monitoring programme in place for protected car-
nivores in Switzerland allowed us to add the golden jackal 
to the list of hosts for the endemic zoonotic parasites E. 
multilocularis and T. britovi in this country. Hunters, farmers, 
and other persons who could come in contact with golden 
jackals should be aware of the associated health risk and 
handle faeces and carcasses with caution.

Keywords: Canis aureus, health monitoring, parasites, 
 wildlife, zoonosis
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itored species in Switzerland. Therefore, all deceased 
animals are submitted to the Institute for Fish and Wild-
life Health (FIWI) in Bern for post-mortem examina-
tion, with the aim to collect baseline data on the health 
of this large carnivore. Examination is carried out ac-
cording to a standardized protocol for protected wild 
mammal species in Switzerland, including the docu-
mentation of morphological features, in-depth patho-
logical examination, and extensive sample collection.32 
The procedure includes an assessment of parasites, with 
an emphasis on zoonotic, reportable parasites such as 
Trichinella spp. and Echinococcus spp. 

Former investigations have shown that golden jackals 
harbour many different parasites, mostly species shared 
with domestic dogs.18 In Europe, they have been iden-
tified as final hosts for Echinococcus granulosus s.l. in 
Hungary, Bulgaria, and Italy, and for E. multilocularis in 
Hungary, Serbia, Croatia, and Austria.1, 2, 18, 24, 34, 37 They 
have also been identified as hosts for Trichinella spp. in 
Bulgaria, Romania, former Yugoslavia, and Croatia.18 
Species identification revealed them to be hosts for  
T. britovi in Romania, Serbia, and Latvia, for T. spiralis 
in Serbia, Bulgaria, and Hungary, and for T. nativa in 
Latvia.3, 4, 37, 42

Echinococcus multilocularis is highly endemic in Switzer-
land. The red fox is the most important definitive host 
with regional prevalences of up to 60% and arvicolid 
rodents as intermediate hosts.7, 19, 28, 39 Domestic dogs 
and cats were also identified as definitive hosts in Swit-
zerland, with prevalence ranging from 0.3 to 7% in dogs 
and from 0,4 to 3,0 % in cats.5, 6, 17 Besides, cases of al-
veolar echinococcosis after infection with E. multilocu-
laris eggs were reported locally in humans and in some 
animal species such as domestic dogs, non-human pri-
mates in captivity, pigs, and Eurasian beavers (Castor 
fiber).7, 10, 11, 14, 17, 21, 25, 30 

Further recorded definitive hosts of E. multilocularis in 
Europe include the arctic fox (Vulpes lagopus), the rac-
coon dog (Nyctereutes procyonoides), the grey wolf, and 
the wild cat (Felis silvestris).27, 29 Domestic and wild cats 
mainly harbour small numbers of mostly non-gravid 
worms, playing only a minor role in the maintenance 
of the parasite’s life cycle.27, 29 

With regard to Trichinella spp., T. britovi is regularly 
found in wild carnivores in Switzerland, with prevalenc-
es of 1.6% in red fox and about 27% in lynx (Lynx 
lynx).13 Moreover, in 2020 T. spiralis was found in a lynx, 
indicating that also this Trichinella species occurs in 
Switzerland (unpublished author data). The systematic 
post-mortem examination of protected large carnivores 
such as wolf, brown bear (Ursus arctos), lynx and golden 
jackal allows for the rapid detection of new host species 

Introduction

The golden jackal (Canis aureus) is a wild canid native 
to Eurasia, with size and coat colour in between that of 
the red fox (Vulpes vulpes) and the grey wolf (Canis lupus) 
(Figure 1). In recent years, this species has been experi-
encing a rapid large-scale geographic expansion from 
Southeast Europe and the Caucasus to the Balkan and 
more recently almost all over Europe.22, 31, 35 A single 
jackal was first documented by camera trapping in Swit-
zerland in 2011. Since then, further sporadic observa-
tions of individual jackals have been recorded.23 Jackals 
are protected under the Swiss law and an officially mon-

Figure 1: Phototrap pictures taken at the same site in 
 Switzerland. From top to bottom: grey wolf (Canis lupus), 
golden jackal (Canis aureus), red fox (Vulpes vulpes). 
 Copyright: Foundation KORA.
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spectively, following the manufacturer’s instructions. 
For molecular species-identification of tapeworm DNA, 
a multiplex PCR discriminating between E. granulosus 
s.l., E. multilocularis and other cestodes was performed 
according to Trachsel et al.40 In brief, DNA of the 
NADH dehydro genase subunit 1 of E. multilocularis  
was specifically detected by the primer pair Cest1 
(5’-TGCTGATTTGTTAAAGTTAGTGATC) and Cest2 
(5’- CATAAATCAATGGAAACAACAACAAG) result-
ing in a 395 bp amplification product; primers Cest3 
(5’-YGAYTCTTTTTAGGGGAAGGTGTG) and Cest5 
(5’- GCGGTGTGTACMTGAGCTAAAC) targeted the 
DNA of the small subunit of ribosomal RNA (rrnS) of 
Taenia spp. and some other cestodes resulting in a 267 
bp amplification product; the rrnS region of E. granulo-
sus s.l. was targeted by primers Cest4 (5’-GTTTTTGT-
GTGTTACATTAATAAGGGTG) and Cest5, resulting 
in a 117 bp amplification product. Trichinella spp. was 
also identified using a multiplex PCR.41 Briefly, the PCR 
reaction contained a total of ten primer pairs: one prim-
er pair targeting the expansion segment V (ESV; primers 
5’-GTTCCATGTGAACAGCAGT and 5’-CGAAAA-
CATACGACAACTGC), two primer pairs targeting  
the ITS-1 region (5’-GCTACATCCTTTTGATCTGTT 
and 5’-AGACACAATATCAACCACAGTACA; 5’-GC-
GGAAGGATCATTATCGTGTA and 5’-TGGATTA-
CAAAGAAAACCATCACT), and two primer pairs 
targeting the ITS-2 region (5’-GTGAGCGTAATAAAG-
GTGCAG and 5’-TTCATCACACATCTTCCACTA; 
5’-CAATTGAAAACCGCTTAGCGTGTTT and 5’-TG-
ATCTGAGGTCGACATTTCC). This multiplex PCR 
resulted in a banding pattern that allowed identification 
of T. spiralis, T. nativa, T. britovi, T. pseudospiralis, Trichi-
nella T5, Trichinella T6, and T. nelsoni.

for endemic parasites, but also for parasites that might 
be introduced by newly occurring species.

Here, we report the first discovery of E. multilocularis 
and T. britovi in golden jackals in Switzerland.

Materials & Methods

Animals
Since the first occurrence of the species in Switzerland 
in 2011, four golden jackal carcasses and organ samples 
of a fifth animal (all adult males) were submitted for 
analysis. Details concerning the submission year, geo-
graphical origin and cause of death are summarized in 
Table 1 and Figure 2.

Parasitological examinations
The gastro-intestinal tract of the four entire carcasses 
was inspected for the presence of parasites at necropsy, 
and routine histopathology was carried out on the major 
organs (heart, lungs, liver, spleen, kidney, stomach, in-
testine, lymph node, reproductive organ and skeletal 
muscle) of all the investigated animals. Subsequently, a 
combined sedimentation-flotation method was used to 
examine the intestinal content more thoroughly.8 Para-
site stages recovered by these techniques were identified 
based on morphological criteria.8 Furthermore, muscle 
samples of tongue and diaphragm (> 10 g per animal) 
were analysed by the artificial digestion method for the 
presence of Trichinella spp. larvae.12, 15

Molecular analyses
DNA was extracted from taeniid eggs and Trichinella spp. 
larvae with the Quick-DNA Fecal/Soil Microbe Mini-
prep kit (Zymo Research, Irvine, USA) and the DNeasy 
blood and tissue kit (QIAGEN, Hilden, Germany), re-

Table 1: Summarized information on the five golden jackals assessed so far in Switzerland.

Case 
Nr

Year Canton Cause of 
death

Coproscopy & PCR AD & PCR

1 2016 SZ disease* Hookworm eggs negative

2 2016 GR shot  
(mistaken 

as fox)

not done not done

3 2019 GR killed by 
wolf (su-
spicion)

negative negative

4 2019 FR hit by car E. multilocularis eggs & 
adults** 

negative

5 2021 BE hit by car E. multilocularis eggs & 
adults** 

Toxocara canis eggs 
Sarcocystis sp. sporocysts

Trichinella 
britovi**

AD = artificial digestion, SZ = Schwyz, GR = Graubünden, FR = Fribourg, BE = Bern, 
*nephropathy and cardiomyopathy with emaciation, **morphological and molecular  
identification.

Figure 2: Map of Switzerland with relief (shades of grey), 
main lakes (blue areas), and the cities of Geneva, Bern and 
Zurich, depicting the geographical origin of five golden 
jackals (cases 1 – 5) analysed post-mortem at the University 
of Bern, 2016 – 2021. Orange: positive for Echinococcus 
multilocularis. Red: positive for both E. multilocularis and 
Trichinella britovi.
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Results 

Echinococcus multilocularis was microscopically identified 
in two out of the four examined jackals (cases 4 & 5; 
Table 1) (Figure 3). In both cases, amplicons of the ex-
pected size for E. multilocularis (395 bp) were obtained 
after multiplex PCR and gel electrophoresis.

Larvae of Trichinella spp., molecularly identified as  
T. britovi, were recovered from one out of four animals 
(case 5). Other parasites detected in faecal samples 

 included Toxocara canis (eggs) (case 5), Sarcocystis sp. 
(sporocysts) (case 5), and undetermined hookworm 
(eggs) (case 1) (Table 1). The histopathological exami-
nations of the intestines of case 4, revealed the presence 
of a mild to moderate eosinophilic infiltration within 
the lamina propria and the crypts along with multiple 
intralesional sections of cestode parasites consistent 
with Echinococcus sp. containing immature eggs within 
the end proglottid. (Figure 4).

Discussion

A health surveillance programme has been in place in 
Switzerland for large predators for more than 20 years, 
initiated for lynx, but later extended to other species, 
including the golden jackal upon its arrival in the country. 
The golden jackal has been only sporadically observed in 
Switzerland so far. Accordingly, until May 2021 only a 
few dead individuals have been investigated. However, 
systematic parasitological investigations already revealed 
the occurrence of several zoonotic parasites, including E. 
multilocularis, T. britovi and T. canis. Eggs from potential-
ly zoonotic hookworms were also found. 

The substantial geographical expansion and increase in 
numbers of the golden jackal throughout Europe has 
raised some concern, because jackals are hosts to a wide 
variety of canine parasites and might transport them 
over long distances.18 The risk of introduction to non-en-
demic countries not only of vector-borne parasites such 
as Dirofilaria immitis, Thelazia callipaeda, Angiostrongylus 
vasorum (among others), but also of E. multilocularis, has 
been addressed by several authors.2, 9, 16, 20, 22, 26, 34, 36, 37, 

38 Jackals could potentially also introduce new species 
of Trichinella spp. to non-endemic regions.37 It is impor-
tant to note that the golden jackal is a species native to 
South-Eastern Europe and some authors therefore call 
for EU-wide legal protection of this wild canid.31 What-
ever the political decisions in this respect will be, there 
is a consensus among scientists that golden jackals 
should be monitored for their health status.4, 18, 33, 37 

Large predators are valuable indicators of the occurrence 
of meat-borne parasites, as they may feed on infected 
prey and accumulate parasites throughout their lives. 
Therefore, they can be useful to monitor the occurrence 
of endemic zoonotic parasites. The number of golden 
jackals in Switzerland is still very low, which is in agree-
ment with the fact that only adult males, possibly lone 
individuals searching for new territories, have been 
found here but no females or offspring yet.23 Low pop-
ulation numbers mean that golden jackals are not able 
to sustain parasite cycles like that of E. multilocularis on 
their own, but if the local prevalence is high in red fox-
es, golden jackals may also contribute to parasite main-

Figure 3: Scolex (solid arrowhead) with first immature proglottid (open arrowhead) (A), 
gravid proglottid (B), eggs (solid arrows) (B and C), and hatched oncosphere (open arrow) 
(C) of E. multilocularis from the faeces of a golden jackal (Canis aureus) (case 4).

Figure 4: Mild to moderate eosinophilic enteritis with intralesional parasite (arrow) (A). 
Magnification of the adult cestode with immature eggs within the end proglottid, com-
patible with Echinococcus sp. (B.) Eosinophilic infiltration in the lamina propria and the 
crypts of the small intestine (C).
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tenance in the environment, and possibly to its spread 
over long distance.2, 27 Importantly, in the near future 
the golden jackal may establish as a population and gain 
in epidemiological significance.

Conclusions

The health monitoring programme for large predators al-
lowed us to add the golden jackal to the list of hosts for the 
reportable zoonotic parasites E. multilocularis and T. britovi 
in Switzerland. Although the golden jackal is new to Swit-
zerland, the identified parasites are endemic and do not 
represent a new threat to public health. Nevertheless, hunt-
ers, farmers, ecologists, veterinarians, and other persons 
potentially coming in contact with golden jackals should be 
aware of the potential shedding of zoonotic eggs by these 
animals and handle faeces and carcasses with caution.
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Le chacal doré (Canis aureus):  
Un nouvel hôte pour Echinococcus 
multilocularis et Trichinella britovi  
en Suisse

Le chacal doré (Canis aureus) est un canidé sauvage 
nouvellement présent en Suisse. Il s’agit d’une espèce 
officiellement surveillée et tous les individus morts sont 
soumis à un examen post-mortem afin de recueillir des 
données sanitaires de base. Cela inclut un examen 
parasitologique mettant l’accent sur les infections 
zoonotiques à déclaration obligatoire, telles que celles 
causées par Trichinella spp. ou Echinococcus spp. De 2016 
à 2021, cinq chacals dorés originaires de quatre cantons 
suisses ont été soumis à un examen post-mortem 
complet. Dans un cas, seuls des échantillons d’organes 
ont été envoyés, l’examen parasitologique n’a pas été 
possible pour cet animal. Les stades parasitaires trouvés 
lors de l’examen pathologique et de la coprologie de 
routine ont été identifiés morphologiquement. Les 
espèces de ténias (œufs et stades adultes) ont été 
déterminées par des techniques de biologie moléculaire. 
En outre, la recherche de Trichinella spp. a été effectuée 
sur du tissu musculaire lingual et diaphragmatique par 
la technique de digestion artificielle suivie d’une PCR 
multiplex dans les cas positifs. Sur les quatre chacals 
ayant fait l’objet d’une recherche de parasites, des œufs 
d’ankylostomes ont été détectés chez un animal, des vers 
adultes et des œufs d’Echinococcus multilocularis étaient 
présents chez un autre animal, et aucun parasite n’a été 
trouvé dans un autre cas. Chez le dernier cas, des œufs 
d’E. multilocularis ainsi que des œufs de Toxocara canis 
et des sporocystes de Sarcocystis sp. ont été détectés dans 
le contenu intestinal, et des larves de Trichinella britovi 
ont été trouvées dans les échantillons de muscle. Le 

Lo sciacallo dorato (Canis aureus): 
un nuovo ospite per l’Echinococcus 
multilocularis e la Trichinella britovi 
in Svizzera

Lo sciacallo dorato (Canis aureus) è un canide selvatico 
nuovo per la Svizzera. È una specie sorvegliata ufficial-
mente e tutti gli individui morti sono sottoposti a un esa-
me post-mortem per raccogliere dati di base sulla salute 
dell’animale. Questo include un esame parassitologico 
con particolare attenzione alle infezioni zoonotiche noti-
ficabili, come quelle causate da Trichinella spp. o Echi-
nococcus spp. Dal 2016 al 2021, cinque sciacalli dorati di 
quattro cantoni svizzeri sono stati sottoposti a un esame 
post-mortem completo. In un caso, sono stati inviati solo 
campioni di organi, poiché l’esame parassitologico non 
era possibile per questo animale. Gli stadi dei parassiti 
trovati durante l’esame patologico e la coprologia di rou-
tine sono stati identificati morfologicamente. Le specie di 
tenie (uova e stadi adulti) sono state determinate con tec-
niche di biologia molecolare. Inoltre, la Trichinella spp. 
è stata ricercata sul tessuto muscolare linguale e diafram-
matico utilizzando la tecnica di digestione artificiale se-
guita da PCR multiplex nei casi positivi. Tra i quattro 
sciacalli testati per i parassiti, sono state rilevate uova di 
anchilostoma in un animale, vermi adulti e uova di Echi-
nococcus multilocularis in un altro, e nessun parassita è 
stato trovato nell’ultimo. Nell’ultimo caso, uova di E. 
multilocularis, così come uova di Toxocara canis e spo-
rocisti di Sarcocystis sp. sono state rilevati nel contenuto 
intestinale mentre le larve di Trichinella britovi sono sta-
te rilevate nei campioni di muscolo. Il programma di sor-
veglianza sanitaria dei carnivori protetti in Svizzera ha 
quindi aggiunto lo sciacallo dorato alla lista degli ospiti 
dei parassiti zoonotici endemici E. multilocularis e T. 
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programme de surveillance sanitaire mis en place pour 
les carnivores protégés en Suisse a donc permis d’ajouter 
le chacal doré à la liste des hôtes des parasites zoonotiques 
endémiques E. multilocularis et T. britovi. Les chasseurs, 
agriculteurs et autres personnes susceptibles d’entrer en 
contact avec le chacal doré doivent être conscients du 
risque sanitaire associé et manipuler les fèces et les 
carcasses avec précaution.

Mots clés: Canis aureus, surveillance sanitaire, parasites, 
faune sauvage, zoonoses

britovi. Cacciatori, agricoltori e altri che possono entrare 
in contatto con lo sciacallo dorato dovrebbero essere con-
sapevoli del rischio sanitario associato e maneggiare con 
cura feci e carcasse.

Parole chiave: Canis aureus, sorveglianza sanitaria, parassiti, 
fauna selvatica, zoonosi 

Schacal mellen (Canis aureus), in niev 
hospitont per Echinocccus multilocu-
laris e  Trichinella britovi en Svizra

Il schacal mellen (Canis aureus) ei ina spezia nova da 
tgauns selvadis en Svizra. La derasaziun vegn survigila-
da offizialmein. Tut ils animals carpai vegnan examinai 
patologicamein per rimnar informaziuns da basa sur 
dalla sanadad da quella spezia. En quei mument vegn 
era intercuretg sin prasits, spezialmein parasits zoonotics 
ch’ins ei obligaus d’annunziar sco Trichinella spp. ni 
Echincoccus spp. Denter 2016 e 2021 han ins anflau en 
quater cantuns tschun schacals mellens carpai. En in 
cass ei vegniu tarmess en mo organs fixai, aschia ch’igl 
ei stau nunpusseivel d’intercurrir parasitologiamein. Tut 
ils stadis da parasits, anflai duront la secziun ni l’exami-
naziun coprologica, ein vegni classificai morfologica-
mein. Ovs  da taeniids e viarms plats adults ein vegni 
examinai ultra da quei era molecularbiologicamein. 
Supplementarmein ei vegniu intercuretg da mintga ani-
mal musculatura dalla lieunga e dil diafragma sin Trichi-

nella spp. cun la tecnica da digestiun artifiziala, e las 
larvas anfladas ein vegnidas indentificadas cun multi-
pex-PCR. Parasitologicamein ei vegniu anflau tier in 
animal ovs dil vierm gavunau, tier in auter schebein 
viarms adults sco era ovs da Echinococcus multilocularis. 
Tier in auter animal han ins anflau negins parasits. En 
in cass supplementar ei vegniu observau ovs da E. mul-
tilocularis e Toxocara canis, sco era sporozistas da Sarco-
zystis sp. Ella musculatura dil medem animal ein larvas 
da T. britovi vegnidas demussadas. Il programm da sur-
vigilonza dalla sanadad da carnivors schurmegiai lube-
scha dad identificar il schacal mellen sco hospitont 
supplementar per ils parasits endemics E. multilocularis 
e T. britovi. Catschaduras e catschadurs, puras e purs ed 
autras persunas che savessan vegnir en contact cul scha-
cal mellen, duessan esser pertscharts da quella resca per 
lur sanadad e tractar ton ils excrements sco era ils cada-
vers da quels animals cun precauziun. 

Plaids-clav: Canis aureus, survigilonza dalla sanadad, para-
sit, animal selvadi, zoonosa
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