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Abstract 

Angiostrongylus (A.) vasorum is a nematode that 
causes angiostrongylosis in domestic and wild canids. 
Red foxes (Vulpes vulpes) and raccoon dogs (Nyctere-
utes procyonoides) are suspected of providing a wild-
life reservoir for A. vasorum infections in pet dogs. 
To obtain data on the occurrence of A. vasorum in 
wildlife, red fox and raccoon dog carcasses (hunted or 
found dead) were collected from January to Septem-
ber 2009 in the Federal State of Brandenburg, Ger-
many. Lung tissue samples were subjected to DNA 
extraction and examined for the presence of A. vaso-
rum DNA by means of real-time PCR. A. vasorum 
DNA was detected in 11 out of 122 (9.0 %) lungs of 
red foxes and in none of the lung samples of raccoon 
dogs. These data suggest that red foxes are a reser-
voir of A. vasorum infections for pet dogs in this area. 

Introduction

Angiostrongylus (A.) vasorum is a metastrongylid 
nematode that parasitizes the pulmonary artery 
and, less often, the right heart of domestic and wild 
canids. Discovered in Toulouse, France, in 1853 by 
Serres and described systematically in 1866 by Bail-
let, A. vasorum is now endemic in several European 
countries (Bolt et al. 1994). Distribution is character-
ised by isolated endemic foci surrounded by regions 
with no or only sporadic occurrence (Bolt et al. 1994). 
Foci exist in France, Denmark, Cornwall, Wales and 
the south-east of England (Bolt et al. 1994; Willing-
ham et al. 1996; Saeed et al. 2006; Morgan et al. 
2005; Morgan et al. 2008). Expansion is, however, 
occurring from these foci into regions that were for-
merly not endemic, as seen in Great Britain, where 
new cases have evolved in dogs from Scotland (Helm 
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et al. 2009) and northern England (Yamakawa et al. 
2009) as well as in foxes from Scotland (Philbey and 
Delgado 2013). An important endemic focus outside 
of Europe is the Canadian province of Newfound-
land-Labrador, where 56 % of red foxes were found 
to be infected with A. vasorum of European origin 
(Jeffery et al. 2004; Jefferies et al. 2010). 
A. vasorum needs gastropods (slugs and snails) 
as intermediate hosts to maintain its indirect life 
cycle. The common frog (Rana temporaria) can act 
as a paratenic and an intermediate host (Bolt et al. 
1993). Domestic chickens (Gallus gallus domesti-
cus) may also act as paratenic hosts (Mozzer and 
Lima 2015). After mating, adult female worms 
shed eggs, which are transported via the blood 
stream from the cardiopulmonary arteries into 
the pulmonary capillaries, where first-stage lar-
vae (L1) hatch and penetrate the capillary and 
alveolar walls to the airways (Bolt et al. 1994). 
They are coughed up, swallowed and shed with 
the faeces. The prepatent period varies between 
38 and 57 days (Bolt et al. 1994), in other studies 
between 28 and 108 days (Cury et al. 1996). The 
intermediate host gets infected by taking up first-
stage larvae from faeces of infected animals. Infec-
tion of the definitive host takes place by ingestion 
of an intermediate host in which L1 have devel-
oped to third-stage larvae (L3). Third-stage larvae 
penetrate the walls of the host’s gastrointestinal 
tract and, after invasion of the abdominal visceral 
lymph nodes, develop into fifth-stage larvae (L5) 
which migrate via the portal vein, liver and pos-
terior vena cava to the right heart and pulmonary 
arteries (Bolt et al. 1994). 
Symptoms of angiostrongylosis range from subclin-
ical to severe and A. vasorum infection may have a 
fatal outcome (Simpson and Neal 1982; Chapman 
et al. 2004; Traversa et al. 2008). In dogs, disease 
is characterised by coughing and dyspnoea, exer-
cise intolerance and weight loss; neurological and 
gastrointestinal signs and haemorrhagic diathesis 
are further symptoms that may occur (Chapman 
et al. 2004; Koch and Willesen 2009; Helm et al. 
2010).

Diagnosis of A. vasorum infection is challenging and 
includes different diagnostic approaches. The most 
common diagnostic method is Baermann’s technique 
from faeces for the detection of L1. Intermittent 
shedding of larvae in faeces can lead to false negative 
results (Oliveira-Jùnior et al. 2006; Traversa and 
Guglielmini 2008). Other diagnostic tools have been 
developed, such as enzyme-linked immunosorbent 
assays (ELISA) for the detection of antibodies (Cury 
et al. 1996; Cury et al. 2002) or antigen (Verzberger-
Epshtein et al. 2008) in blood and real-time PCR for 
the detection of DNA of L1 in blood or faeces (Jef-
feries et al. 2009; Jefferies et al. 2011). A combina-
tion of indirect ELISA and real-time PCR from blood 
improves the detection rate of A. vasorum infection 
(Jefferies et al. 2011). The transient presence of 
larvae and adults in the circulation that has been 
suggested, challenges all diagnostic methods (Jeffer-
ies et al. 2009). More recently other ELISA-based 
assays detecting A. vasorum antigen and antibodies 
have been utilised for large-scale regional and coun-
try-wide investigations based on larger numbers of 
samples (Schnyder et al. 2011; Schucan et al. 2012; 
Schnyder et al. 2013). A test for the serological detec-
tion of circulating antigen (Angio DetectTM Test, 
IDEXX Laboratories, Westbrook, Maine, USA) for 
rapid diagnosis is now also commercially available 
for use in veterinary clinics (Schnyder et al. 2014).
Angiostrongylosis in dogs is considered an emerg-
ing disease in Europe (Morgan et al. 2005; Tra-
versa and Guglielmini 2008; Koch and Willesen 
2009; Helm et al. 2010). Studies from Germany 
indicate an increasing risk of infection for German 
dogs in recent years (Barutzki and Schaper 2003; 
Barutzki and Schaper 2009; Taubert et al. 2009; 
Barutzki and Schaper 2011; Barutzki 2013). How-
ever, information about the occurrence of A. vaso-
rum in wildlife species in Germany is sparse, and 
little is known about A. vasorum infections in dogs 
in the eastern part of Germany. 
The aim of this study was to collect information 
about A. vasorum prevalence in potential wild-
life reservoirs. Therefore lung tissue samples of 
red foxes and raccoon dogs from the Havelland, 



S187

EnDopARASitES EnDopARASitES

a region in the western part of the Federal State 
of Brandenburg, Germany, were examined for the 
presence of A. vasorum-specific DNA.

Materials and methods

Sample collection and preparation 

A total of 122 red fox and 13 raccoon dog carcasses 
were collected from January to September 2009. 

The animals were either found dead or were shot 
as part of the official rabies monitoring programme 
of the Federal State of Brandenburg, mainly in an 
area called the Havelland (Fig. 1). This area is rich 
in lakes and rivers, which provide an ideal harbour 
for intermediate and paratenic hosts. Carcasses 
were transported to the Berlin-Brandenburg State 
Laboratory in Frankfurt (Oder), numbered, allo-
cated to specific geographical regions by post code 
and frozen for at least 7 days at -80 °C to inactivate 

Fig. 1: Spatial distribution of 
examined fox lung samples in 
Brandenburg: red squares indi-
cate the origin of A. vasorum-
positive DNA samples, blue 
squares indicate the origin of 
negative samples. Post code 
areas where at least one sam-
ple was collected are shown in 
green. 
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Echinococcus multilocularis eggs. During necrop-
sy, spleen and lung tissue was collected, frozen 
again at -20 °C and sent to the Institute of Para-
sitology, Veterinary Faculty of Leipzig, for further 
examination. Each lung sample was cut into small 
pieces and frozen in liquid nitrogen. The tissue was 
homogenised cryogenically with a prechilled mortar 
and pestle. After stirring the resulting lung powder 
thoroughly, 30 mg was taken for DNA extraction. 
The mortar and pestle were cleaned with hot water 
and detergents, incubated with DNA AWAY (Roth, 
Germany) for a minute and finally disinfected with 
70 % alcohol after each lung sample. 

DNA extraction

Total DNA was extracted using a QIAamp DNA 
Mini Kit (QIAGEN, Germany) following the man-
ufacturer’s instructions with some modifications: 
as 30 mg tissue was used, the amount of buffer 
ATL, proteinase K, buffer AL and absolute etha-
nol was doubled. DNA was eluted in 150 µl of AE 
buffer. Extracted genomic DNA from each sample 
was analysed for degradation after electrophore-
sis in 0.8 % agarose gel followed by ethidium bro-
mide staining. In 116 out of 135 samples (85.9 %) 
non-degraded or partially degraded DNA (smear 
between 10,000 and 500 bp) was observed. In 
19 samples (14.1 %) the DNA was degraded, pre-
senting a smear below 700 bp. The DNA concentra-
tion was adjusted to 50 ng/µl in all samples prior to 
PCR amplification.

Real-time PCR

The presence of A. vasorum DNA was examined by 
means of real-time PCR targeting the ITS2 region. 
The PCR protocol was adapted from a previously 
described SYBR green real-time PCR assay (Jef-
feries et al. 2009). The reactions with a total of 
125 ng DNA in 25 µl reaction volume were pre-
pared with 12.5 µl of Brilliant II Master Mix (Agi-
lent Technologies, Germany) and 0.4 µM of each 
primer and probe. Cycling reactions were carried 
out in a Stratagene Mx3000p cycler (Agilent Tech-
nologies, Germany) starting with an activation 

step at 95 °C for 10 min followed by 50 cycles of 
95 °C for 15 s and 60 °C for 1 min. The following 
primers and probes were used: angio forward 
(GCGTGTGTTCATGTTTGGA), angio reverse 
(CATTACTAGCATACAAGCACATG) and angio 
probe (FAM-CGTCGTCGATATGCTACTGTTCC-
CG-TAMRA).

Statistical analysis and geographic  

information system

The confidence interval (95 % CI) of the prevalence 
found was calculated using the OpenEpi epidemi-
ological calculator. The spatial distribution of all 
foxes and raccoon dogs included in this study was 
illustrated using the Regiograph software package 
(Fig. 1).

Results

In total, 11 out of 122 samples (9.0 %; 95 % CI 
4.9 – 15.0 %) from red foxes showed an amplifica-
tion of A. vasorum-specific DNA. In raccoon dogs, 
A. vasorum DNA was amplified in 0 out of 13 sam-
ples. All “no template controls” were negative. The 
FAM positive control (DNA, which was isolated 
from A. vasorum larvae) showed a Ct value of 39.13. 

Discussion

The aim of this study was to determine the preva-
lence of A. vasorum infection in red foxes and rac-
coon dogs from the Havelland region, an area in the 
vicinity of the river Havel located in the western 
part of the Federal State of Brandenburg, Ger-
many. A. vasorum has been diagnosed in German 
red foxes just recently, showing regionally differing 
prevalences of 8.4 %, 19.1 % and 27.3 % for Thur-
ingia, Hesse and Rhineland-Palatine, respectively 
(Schug et al. 2013). In our survey A. vasorum DNA 
was detected in 9.0 % of lung samples of red foxes 
from the Federal State of Brandenburg. Indeed, 
our data are at the lower limit of the estimated 
range of prevalence compared to three other federal 
states in Germany. Two factors can affect estimated 
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prevalence in this study: the results were generated 
by real-time PCR and therefore cannot be directly 
compared to those results generated by a classical 
examination procedure like autopsy; on the other 
hand there was an uneven distribution of fox car-
casses since they were collected along the Havel 
river and thus give insight into the local region 
(Fig. 1). The molecular detection of A. vasorum 
we used in this work, including homogenisation 
of lung tissue in liquid nitrogen and DNA extrac-
tion has proven to be reliable earlier in a study for 
detection of Anaplasma phagocytophilum in red 
foxes and raccoon dogs (Härtwig et al. 2014). The 
overall prevalence of A. vasorum infections in Ger-
man dogs is 0.5 % as determined by examination 
of 24,667 faecal samples from healthy dogs and/
or dogs with gastrointestinal disorders (Barutzki 
and Schaper 2011). The rate of A. vasorum infec-
tion in dogs is generally lower than in foxes, as 
listed by Koch and Willesen (2009). In a preselected 
study on German dogs (n = 810) with clinical signs 
consistent with angiostrongylosis (respiratory/
cardiovascular symptoms, bleeding disorder and/
or neurological signs) 7.4 % showed an infection 
with A. vasorum, diagnosed by faecal examination 
(Barutzki and Schaper 2009). Interestingly, most 
of the infected dogs originated from southern and 
western Germany (Barutzki and Schaper 2009), 
similar to the spatial distribution of canine A. vaso-
rum infections in the study by Taubert et al. (2009). 
However, according to data from other countries 
A. vasorum seems to be expanding from endemic 
foci, as reviewed elsewhere (Morgan et al. 2005; 
Elsheikha et al. 2014). The estimated prevalence of 
9.0 % in red foxes from Brandenburg in this study 
suggests that the fox is a reservoir for A. vasorum 
infections for dogs in this region, which has not 
been recognised as an endemic area until now.
Data on A. vasorum infection in red foxes are not 
available from all neighbouring countries of Ger-
many, but in Poland, the immediate neighbour to 
the Federal State of Brandenburg, a prevalence of 
5.2 % was determined in lungs and hearts from red 
foxes (n = 76) (Demiaszkiewiecz et al. 2014). In the 

Netherlands A. vasorum infection was detected in 
4.2 % of examined red foxes (n = 136). This nema-
tode was one of 4 new helminth species found in 
Dutch foxes in the last 35 years (Franssen et al. 
2014). The occurrence of helminth infections in red 
foxes from Denmark has been well studied, show-
ing prevalences of A. vasorum of 48.6 % (n = 1040) 
in Northern Zealand, an endemic area within Den-
mark (Saeed et al. 2006). A recent study showed 
that A. vasorum is abundant in foxes (n = 70) from 
the Copenhagen area with a prevalence of 80 %, but 
not in foxes (n = 48) from Southern Jutland (Al-Sabi 
et al. 2014).
A lot of research is also done in the UK, which har-
bours some highly endemic foci and where A. vaso-
rum has spread beyond traditional endemic areas 
(Blehaut et al. 2014; Kirk et al. 2014). The parasite 
is now widespread in central England, with clus-
ters in the south-east of England and the south of 
Wales and a patchy distribution in northern Eng-
land and Scotland. There is no longer an endemic 
focus in the south-west of England, as the authors 
found within a national questionnaire survey of 
1419 veterinary practices (Kirk et al. 2014). After 
the first detection of A. vasorum in British foxes 
in Cornwall (Simpson 1996), 546 red foxes were 
studied by Morgan et al. (2008), showing an over-
all prevalence of 7.3 % in the UK that varied from 
0 % in Scotland and northern England to 23.2 % in 
south-east England. In addition to one report of 
A. vasorum in a captive fox in northern England in 
1997 (Routh 2009), the parasite has been detect-
ed in 2 red fox cubs with neurological signs just 
recently in Scotland (Philbey and Delgado 2013). 
Disseminated angiostrongylosis was diagnosed in 
a red fox from central Italy, where 43.5 % of foxes 
(n = 62) were infected with A. vasorum (Eleni et al. 
2014). In Spain, A. vasorum was found in 33.3 % of 
red foxes (n = 48) from the Iberian peninsula; this 
is the only one of 10 species of wild carnivores to 
be infected with A. vasorum (Gerrikagoitia et al. 
2010). Red foxes (n = 399) from the Iberian penin-
sula were investigated before, with a mean preva-
lence of 17.5 % of A. vasorum infection varying in 
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5 geographical areas from 3.8 % in Andorra with a 
high-mountain climate to 36 % on the Cantabrian 
coast with a maritime climate (Segovia et al. 2004). 
Climate seems to play an important role in para-
site distribution, as also seen in Canada, where 
A. vasorum is only found in the south-eastern area 
of Newfoundland with a mean winter tempera-
ture above -4 °C, whereas Crenosoma vulpis occurs 
island-wide (Jeffery et al. 2004). 
Those two areas were used by Morgan et al. 
(2009) for a climate suitability prediction model 
for A. vasorum in Europe and the world, identi-
fying areas with high, medium and low levels of 
A. vasorum presence. The climate dependency of 
A. vasorum is most likely due to the temperature 
and moisture sensitivity of the gastropod mollusc 
intermediate hosts of the parasite (Morgan et al. 
2009). A moderate northward expansion of the pre-
dicted range is seen when running the model with 
a 2 °C global temperature increase (Morgan et al. 
2009). Nevertheless, other factors in the distribu-
tion and expansion of the parasite also need to be 
considered, such as the growing fox population and 
transportation of dogs (Morgan et al. 2009; Helm 
et al. 2010; Elsheikha et al. 2014).
Although the raccoon dog has a wide range of para-
sites and a similar helminth spectrum to those of 
the red fox, A. vasorum has not been diagnosed in 
a raccoon dog so far (Thiess et al. 2001; Sutor et al. 
2011; Bruzinskaite-Schmidhalter et al. 2012; Sutor 
et al. 2014). Thiess et al. (2001) investigated 74 rac-
coon dogs from East Brandenburg post mortem; 
9.5 % showed an infection with Crenosoma vulpis 
and 1.4 % with Capillaria aerophila but A. vasorum 
was not found in any of these animals. In Lithuania, 

A. vasorum was not found in raccoon dogs (n = 99) 
post mortem (Bruzinskaite-Schmidhalter et al. 
2012). In fact, a relatively low number of raccoon 
dogs (n = 13) was included in our study. None of 
them showed an amplification of A. vasorum-spe-
cific DNA in lung tissue, confirming previous data.
Differences in helminth diversity and prevalence 
in the two species may occur due to a variation in 
host susceptibility and food preferences/availabil-
ity (Thiess et al. 2001; Al Sabi et al. 2013). Further 
investigations of this invasive species are needed to 
clarify its susceptibility to A. vasorum. 
In conclusion, the A. vasorum prevalence of 9.0 % 
in red foxes from Brandenburg in our study could 
be the first hint of a possible progressive or estab-
lished expansion of this nematode into the north-
east of Germany. Further extensive examinations 
of foxes and dogs from eastern Germany are neces-
sary to verify the regional distribution of A. vaso-
rum and to predict areas with a high infection risk.
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