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1  | INTRODUC TION

The raccoon (Procyon lotor), a North American carnivore (Kaufmann, 
1982), has become one of the most successful invasive species in 
Europe (Stubbe, 1999). Animals were imported to the continent sev-
eral times for fur production, mainly in the 1930s and 1940s, and 
spread to the wild after deliberate or accidental release (Fischer 
et al., 2015, 2017). In some founder populations, a very weak par-
asite burden was observed, and it is hypothesized that those origi-
nated from fur farms with an effective deworming regime (Duscher 
et al., 2017). In some other populations, Baylisascaris procyonis has 
become established (Heddergott et al., 2020).

Baylisascaris procyonis is a very common nematode para-
site in raccoons in its native range, with prevalences up to 82% 
(Kazacos, 2016), and might reach similar prevalences (71%) in their 
new habitats (Gey, 1998). Raccoons harbour the adult worms in their 
intestines, and the eggs are shed via their faeces. Small mammals or 

birds infect themselves by ingesting B. procyonis eggs while feeding 
in raccoon latrines (Kazacos, 2016). These eggs contain third-stage 
larvae (Graeff-Teixeira et al., 2016) that remain infectious for years 
if situated in conditions with suitable amounts of moisture. Third-
stage larvae continue their growth in the paratenic hosts, and the 
migration of some larvae into in the central nervous system can lead 
to debilitation or death of the host (Gavin et al., 2005). This increases 
the likelihood of predation or scavenging by raccoons, which then, in 
turn, become infected. Paratenic hosts are not obligatory, however, 
and raccoons might infect themselves directly via ingestion of eggs, 
this being the supposed infection path for sub-adult raccoons (Gavin 
et al., 2005).

Humans are accidental hosts, who presumably become infected 
either by taking up eggs from the latrines and their surroundings, or 
while handling raccoons carrying eggs in their fur. Based on docu-
mented cases, the infection via geophagia or pica is the most com-
mon course of infection, and therefore, most human cases are infants 
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Abstract
Baylisascaris procyonis is a common gastrointestinal parasite of raccoons (Procyon 
lotor) in their native range, and both have been introduced to Europe. Humans may 
ingest ascarid eggs shed via the racoons’ faeces, and this could lead to severe infec-
tions affecting the central nervous system. Here, we report the first occurrence of 
B. procyonis in Austria. The parasite was detected in a two-year-old male raccoon 
that was road-killed in November 2019 near Hittisau (Vorarlberg). Genetic profiling 
provided strong evidence that the raccoon (and its parasite) originated from the near-
est German raccoon population. The first finding in Austria highlights the need for 
monitoring the parasite and information of the public and practitioners.
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and children (Gavin et al., 2005; Wise et al., 2005). Depending on the 
localization of the ingested growing larvae, different syndromes can 
evolve, such as visceral (VLM), ocular and neural larva migrans syn-
drome (NLM), the latter being of major concern and displaying the 
most devastating disease outcome (Gavin et al., 2002; Gavin et al., 
2005; Kazacos et al., 1984; Sorvillo et al., 2002). Very often, there is 
a combination of the syndromes such as NLM being accompanied by 
VLM. Although documented human cases are rare, all known cases 
were severe, often fatal, and none of the survivors has recovered 
neurologically from the infection (Gavin et al., 2002).

While the first reported sighting of the raccoon in Austria dates to 
1974, the population density of the carnivore remained low for some 
time. Few animals have thus been investigated for the presence of par-
asites. In recent years, however, the hunting bag has increased (Duscher 
et al., 2017), and the raccoon can be considered as an emerging invasive 
species in the country. Between 2017 and 2019, 41 individuals were 
documented in several places in Austria, but none of the investigated 
raccoons was positive for B. procyonis (Figure 1).

2  | MATERIAL S AND METHODS

Intestinal helminths were collected from a two-year-old male rac-
coon that was road-killed on 2 November 2019 near Hittisau 

(Vorarlberg; Figure 1). The age of the raccoon was determined 
by counting incremental growth lines of a mandibular canine 
(Heddergott et al., 2017). Worms were determined morphologically 
and further analysed using molecular tools. We used established 
protocols (Franssen et al., 2013) and the methods outlined in Osten-
Sacken et al. (2018) to amplify a 441 base pair (bp) fragment of the 
B. procyonis mitochondrial cytochrome oxidase 1 (CO1) gene in all 
the recovered worms.

Following the methods described in Osten-Sacken et al. (2018), 
we generated a genetic profile of 17 microsatellite loci of the rac-
coon host. Similarly, we used the methodology to genotype all re-
covered roundworms using B. procyonis-specific microsatellite loci. 
We focussed on the 13 loci that were polymorphic and inherited 
in a Mendelian fashion (see Osten-Sacken et al., 2018). We used 
the genetic profiles to assess whether the raccoon host and the 
roundworm originated from Germany. Of the five major genetic 
raccoon populations identified in Germany (Fischer et al., 2015, 
Figure S1), the ‘Hessen’ population extends into southern Germany 
and is thus located closest to Austria. The roundworm is present 
in only two of these populations, including the ‘Hessen’ popula-
tion (Heddergott et al., 2020). We used GENECLASS 2.0.h (Piry 
et al. 2004, to first estimate the probability of the raccoon or the 
parasites not originating from Germany. For each reference pop-
ulation, we estimated the so-called exclusion probabilities based 

F I G U R E  1   Finding of the B. procyonis-positive raccoon as well as the districts where raccoons were documented in the past 3 years



3036  |     DUSCHER Et al.

on the Monte Carlo method of Paetkau et al. (2004). In the case 
of the raccoon, the population genetic reference data were taken 
from Heddergott et al. (2020; see also Figure S1) and from Osten-
Sacken et al. (2018) in the case of the nematode. For each ref-
erence dataset, we simulated 10,000 multi-locus genotypes and 
set the exclusion threshold to 0.01. We then used GENECLASS 
to assign individuals to their most likely population of origin (as-
signment test) using the partial Bayesian approach of Rannala and 
Mountain (1997).

3  | RESULTS AND DISCUSSION

We collected seven adult B. procyonis from the intestine of the 
raccoon that was road-killed in Vorarlberg. We managed to gener-
ate a 381-bp-long fragment of the mitochondrial CO1 gene in all 
seven nematodes from Austria. All seven sequences were identical 
(GenBank MW255834) and completely matched the (24-bp shorter) 
B. procyonis haplotype HT1 previously reported from the vast major-
ity of B. procyonis from Germany (Osten-Sacken et al., 2018). Only 
the Saxony and Luxembourg populations could be excluded at the 
p < .01- level as the raccoon host's source population, while in the 
case of the seven roundworms, neither an origin in the Hessen nor in 
the Harz populations could be excluded (Table S1). The raccoon and 
six of the seven roundworms were assigned with high probability 
(score ≥ 99.1%) to their respective Hesse genetic population (Table 
S2). The genetic data thus provided strong evidence that the raccoon 
(and its parasite) originated from Hesse, the nearest German founder 
population.

Raccoons in Austria were previously supposed to harbour 
very few parasites (Duscher et al., 2017) and their occurrence 
was mainly observed in the light of an ecological threat concern-
ing competition with or endangering of indigenous species. This 
finding of B. procyonis highlights the need for further monitoring 
and countermeasures to fight against this devastating zoonosis. A 
potential distribution over the whole of Austria could represent a 
serious threat to humans.

Surveillance programmes to identify the origin of raccoons 
as well as the worms and information of the public are urgently 
needed. Raccoons are known to adapt to the human life style 
and they can be found in close vicinity to humans, representing a 
source of infection. Access to pet food and garbage favours the oc-
currence of raccoons and therefore needs to be restricted. Safety 
measures while handling dead raccoons or after contact with la-
trines need to be publicized and implemented. Furthermore, rac-
coon population control and deworming of the animals, as well as 
of pets, which also might act as hosts, are of crucial importance, 
and prevention of infection remains the most important public 
health strategy (Gavin et al., 2002).
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