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Lungworm infections in dogs from Central Europe
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ABSTRACT: Angiostrongylus vasorum and Crenosoma vulpis are parasites in the respiratory tract of domestic and
wild carnivores. Recently, an increasing number of lungworm infections in dogs has been recognized in Europe. In
this report, the results of the first copro-epidemiological study of A. vasorum and C. vulpis in dogs from Slovakia
are presented. The Baermann technique and the modified flotation method with zinc sulphate solution (specific
gravity 1.2) was used for lungworm detection. In addition, conventional PCR was performed for species confirma-
tion. The majority of lungworm infections were found in the eastern part of the country. A relatively high preva-
lence (4.13%) of A. vasorum was detected in different parts of Slovakia. Infection was detected most frequently
incidentally in asymptomatic dogs. Within this study, crenosomosis was detected for the first time in dogs from
Slovakia. Since one infected dog had no travel history, the case is considered autochthonous. An autochthonous

case report of angiostrongylosis in a Hanoverian hound puppy from central Slovakia is also described.
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Canine angiostrongylosis is a cardiorespirato-
ry disease of dogs and wild carnivores. Infection
is caused by the metastrongylid nematode,
Angiostrongylus vasorum (Baillet 1866), usually
known as the “French heartworm”. Adult parasites
dwell in pulmonary arteries and the right ventricle
of the heart (Willesen et al. 2007) and may cause
severe disease, characterised by respiratory distress
(Colella et al. 2016a). Clinical signs such as cough,
dyspnoea, depression, exercise intolerance and
haemorrhage are usually connected with the dis-
ease. Untreated, the infection can be fatal (Willesen
et al. 2007).

Another metastrongylid worm, Crenosoma vulpis
(Dujardin 1845) also called the “fox lungworm’, is
the causative agent of crenosomosis mainly in red
foxes, but an increasing number of canine infec-
tions has been observed in Europe recently. In dogs,

the disease in general is not life-threatening, but
presents with various degrees of respiratory disor-
der, mainly chronic cough, and occasionally vom-
iting (Bihr and Conboy 1999; Colella et al. 2016b;
Matos et al. 2016).

The life cycle of both lungworms is indirect.
Various species of slugs and snails play the role of
intermediate host. Molluscs with infective third-
stage larvae (L3) and their secretions on grass or pet
toys are the source of infection. After ingestion by
dogs, the L3 larvae penetrate the gut wall and mi-
grate to abdominal lymph nodes, where they moult
two times. A. vasorum worms mature in the right
ventricle and pulmonary arteries, whereas C. vulpis
develop to the adult stage in bronchioles, bronchi
and trachea. Females produce eggs that hatch in the
respiratory system and after being swallowed, the L1
larvae are voided with faeces into the environment
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(Di Cesare and Traversa 2014; Colella et al. 2016a).
The prepatent period varies between 35-60 days for
angiostrongylosis and 18—-21 days for crenosomosis
(Colella et al. 2016a; Colella et al. 2016b).

Different treatment programs are known for an-
giostrongylosis, mainly based on benzimidazoles
and macrocyclic lactones (Di Cesare and Traversa
2014). Therapy of crenosomosis has often been
based on fenbendazole or levamisole, but medica-
tion protocols using milbemycin oxime/praziqu-
antel and imidacloprid/moxidectin combinations
are also effective (Willesen et al. 2007; Husnik et
al. 2010; Conboy et al. 2013).

Recently, the number of clinical cases caused
by canine lungworms has increased in Europe
(Traversa et al. 2010). In Slovakia, the first au-
tochthonous case of canine angiostrongylosis was
described in 2013 from south-eastern Slovakia
(Kosice region) (Hurnikova et al. 2013). The occur-
rence of C. vulpis was already confirmed in 1960’
in red foxes from the country (Mituch 1962) and
a relatively high prevalence of A. vasorum (5.43%)
and C. vulpis (17.51%) was recently detected in red
foxes (Cabanova et al. 2018). However, to the best of
our knowledge, no autochthonous crenosomosis in
dogs has been reported to date from Slovakia. For
this reason, our study was aimed at understanding
the epidemiology of angiostrongylosis and creno-
somosis in dogs from Slovakia.

MATERIAL AND METHODS

From January 2013 to August 2017, 339 canine
faecal samples from different districts of Slovakia
were examined for the presence of the lungworms A.
vasorum and C. vulpis. The samples were collected
in private veterinary practices, dog shelters and by
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dog owners. All faeces were sampled directly after
defecation and were delivered fresh or frozen to
the Institute of Parasitology in Kosice. In 17 cases,
dogs were referred to veterinary practitioners with
several clinical signs, mainly with chronic cough,
dyspnoea, breathing disorder, nasal discharge, bron-
chitis, pulmonary hypertension, eosinophilia, diar-
rhoea, conjunctival hyperaemia, weakness, anorexia
and weight loss. Additionally, the clinical picture of
autochthonous angiostrongylosis in a young female
Hanoverian hound is described in detail.

ArcGIS 10.3.1 (ESRI 2015) was used to display
localities according to origin of infected dogs in
the map of Slovakia (Figure 1).

Fresh sample examination. Fresh faeces were
gathered within three days immediately after def-
ecation. The Baermann technique previously de-
scribed by Olsen et al. (2003) was used. About 5 g
of faeces were covered by water and incubated at
room temperature. After 48 h, the supernatant was
discarded and L1 larvae were examined in the sedi-
ment under a Leica M125 stereo microscope (Leica
Microsystems GmbH, Germany).

Frozen sample examination. A modified flota-
tion method with zinc sulphate solution (specific
gravity 1.2) was performed in cases when samples
were frozen (Schnyder et al. 2011). For better sen-
sitivity, the tubes were filled by flotation solution to
the top and covered with a coverslip. After 10 min-
utes, the coverslip was placed on the microscope
slide and samples were examined using a Leica
DM4000B light microscope (Leica Microsystems
GmbH, Germany).

Morphological and molecular determination.
First-stage larvae were identified based on morpho-
metric and characteristic morphological features
of the caudal end (McGarry and Morgan 2009)
(Figure 2). The photographs were taken using a

Figure 1. Locations of dogs infected
with Angiostrongylus vasorum (red
circles) and Crenosoma vulpis (green
squares) from Slovakia
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Figure 2. First-stage larvae of lungworms captured during coprological examination: Angiostrongylus vasorum (A),

Crenosoma vulpis (B)

Leica DM4000B light microscope, a Leica DFC 290
HD camera and the Leica Application Suite V 3.8.0
software (Leica Microsystems GmbH, Germany).

Molecular analyses were performed for species
confirmation of faecal samples positive for A. vaso-
rum and C. vulpis. Nematode DNA (deoxyribo-
nucleic acid) was isolated using the commercially
available QiAamp DNA Stool Mini Kit (Qiagen®,
Germany). Briefly, 200 mg of faeces together with
5 mm stainless beads and 1.4 ml ASL buffer were
placed into a 2-ml Eppendorf tube and homog-
enised for 20 s/15 Hz in Qiagen TissueLyser II
(Qiagen®, Germany). After homogenisation, the
protocol was carried out according to the manufac-
turer’s instructions. A fragment of the 18S rDNA
ribosomal gene (small ribosomal subunit) was am-
plified in a conventional PCR (polymerase chain
reaction) assay using the primer set NC18SF1/
NC5BR designed by Latrofa et al. (2015). DNA of
A. vasorum obtained from a positive fox was used
as a positive control, while nuclease-free water was
included as a negative control. Amplification was
performed under thermal conditions described in
a previous study (Cabanova et al. 2018). Positive
templates were purified using NucleoSpin® Gel and
a PCR clean-up kit (Macherey-Nagel GmbH & Co.,

KG, Germany) and sequenced by Sanger sequenc-
ing in both directions. Sequences were manually
edited in Mega 7 and compared by BLAST (Basic
Local Alignment Search Tool) with sequences avail-
able in GenBank.

RESULTS

First-stage larvae of A. vasorum were detected
in 14 faecal samples (4.13%) of dogs originating
from different parts of Slovakia (Figure 1). French
heartworm was diagnosed mainly in clinically
healthy dogs (# = 9), but in five cases the infec-
tions were connected with cough, breathing dis-
order, bilateral conjunctival hyperaemia and loss
of appetite (Table 1). The age of six positive dogs
ranged between five and 15 months. Two dogs
were older, three and four years of age, respec-
tively. Angiostrongylosis was confirmed in differ-
ent dog breeds: Maltese pinch, Bernese mountain
dog, American Staffordshire terrier, Miniature spitz
and Hanoverian hound. Three of the positive dogs
never left the country, and thus in those cases, an-
giostrongylosis is considered as autochthonous (a
detailed clinical picture of one of them is described

Table 1. Health status of dogs infected by Crenosoma vulpis and Angiostrongylus vasorum

C. vulpis-infected dogs

A. vasorum-infected dogs

Health status —
number of positive

clinical signs observed

number of positive  clinical signs observed

Clinically healthy dogs 0 9 cough, breathing

. L . cough, respiratory disorder, bilateral
Dogs with clinical signs 2 difficulties, anorexia 5 conjunctival, hyperaemia,
Total 2 14 loss of appetite
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below). No data about age, breed and travel history
are known for these six dogs.

Typical morphological features — tail with dorsal
and ventral spine and cephalic bottom in the ante-
rior part of the body — were visible in all larvae of
A. vasorum (Figure 2). Species confirmation was
achieved by conventional PCR targeting the ribo-
somal 18S rDNA gene. Obtained sequences showed
96% similarity with A. vasorum isolates from
red foxes from Canada and the United Kingdom
(AJ920365, EF514916).

C. vulpis was found in two dogs from south-east-
ern Slovakia (Kosice region) and the prevalence
of canine crenosomosis in Slovakia reached 0.59%
(Figure 1). In both dogs, cough and other respira-
tory difficulties were observed; in one dog these
were also related with anorexia (Table 1). The first
positive dog, a male German shorthaired pointer
from Parchovany (unknown age) was regularly used
for hunting. Owing to the lack of travel history
abroad, the case is considered the first autochtho-
nous case of crenosomosis recorded in a dog from
Slovakia. The second dog, a two-year-old female
of mixed breed, was adopted from a shelter in the
western part of the country and moved to the city
of Kosice three months before the first clinical signs
appeared. Due to this fact, the age and travel history
of the dog are unknown.

In both cases, larvae were identified by morphol-
ogy. C. vulpislarvae had a characteristic digitiform
tail and their body was C-shaped (Figure 2). Due to
the low number of larvae in faeces, the PCR analysis
did not provide any data. No mixed infection by
both lungworms was detected within our study.

Case report of angiostrongylosis in a young
female Hanoverian hound

A four-month-old Hanoverian hound puppy from
Rimavska Sobota (central Slovakia) was diagnosed
in several private veterinary practices with strong,
irritating cough, bilateral conjunctival hyperaemia,
weakness, syncope and anorexia. The dog never
travelled abroad. Bronchoscopy revealed a mucop-
urulent exudate affecting the trachea and bronchi.
Bronchoalveolar lavage did not detect the presence
of parasites. Cultivation of fluid confirmed only
coccobacillus infection by Pasteurella multocida.
After three months of unsuccessful treatment with
antibiotic therapy (amoxicillin, azithromycin, en-
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rofloxacin), the radiographic examination of the
thorax showed pneumonia. The haematological
profile revealed high eosinophilia (13%). Within
the differential diagnosis, coprological examina-
tion was performed in a commercial laboratory, but
only mild infection with Isospora spp. was found.
A single dose of imidacloprid 10%/moxidectin 2.5%
solution was not effective for treatment and the
clinical symptoms persisted. Three months after
the first clinical signs appeared, a fresh faecal sam-
ple was delivered to the Institute of Parasitology in
Kosice due to suspected lungworm infection. Using
a modified flotation method, a small number of
first-stage larvae (LPG, larvae per gram < 5) was
detected. According to the morphological features
of the tail, the larvae were identified as A. vasorum.
The species was confirmed also by conventional
PCR. The dog was promptly administered six doses
of imidacloprid 10%/moxidectin 2.5% spot-on so-
lution applied at 14-day-intervals. Treatment re-
sulted in a resolution of all symptoms.

DISCUSSION

Recently, an increasing number of cardiopul-
monary nematodes has been observed in Europe
(Traversa et al. 2010; Colella et al. 2016b). Although
canine lungworms represent a serious risk for ca-
nine health, the most common causative agents
in Europe, A. vasorum and C. vulpis, are still ne-
glected by many veterinary practitioners and dog
owners. While crenosomosis is in general non-fatal
for dogs, untreated angiostrongylosis can lead to
the death of infected animals (Willesen et al. 2007;
Conboy et al. 2013).

In our study, more than 330 dog faecal samples
were examined for the presence of A. vasorum and
C. vulpis. Despite the short history of angiostron-
gylosis in Slovakia, the prevalence of the infec-
tion reached a relatively high percentage — 4.13%.
Surprisingly, the majority of infected dogs were
asymptomatic and samples were collected for the
purpose of preventive parasitological examination.
In positive cases, where symptoms were present,
mainly cough and breathing difficulties were ob-
served. Angiostrongylosis was detected in differ-
ent dog breeds of various ages, but the majority
of positive dogs were younger than 15 months. In
three cases, dogs never left the country and the
infections are thus considered as autochthonous.
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Infected dogs originated from different parts of
Slovakia, but most frequently came from the east-
ern region of the country (Figure 1), the same area
where the very first case of angiostrongylosis was
recorded (Hurnikova et al. 2013). No infections
with A. vasorum were detected in the northern
part of Slovakia (Figure 1).

Crenosomosis may play a significant role as an
agent of chronic respiratory diseases in dogs in
Europe (Conboy et al. 2013). In our study, two
cases of crenosomosis in dogs were detected in
the south-eastern part of the country. The first
positive dog, a male German shorthaired pointer
from Parchovany (Kosice region), never travelled
outside the country. To the best of our knowledge,
this is the first autochthonous case of crenosomosis
described in a dog from Slovakia. Moreover, the
dog was regularly used for hunting, and common
contact with wildlife might be a source of infection
with the fox lungworm. In both positive dogs, clini-
cal signs such as cough, and in one case anorexia,
were observed. Due to unspecific clinical signs, a
significant number of canine crenosomosis infec-
tions can be misdiagnosed as allergic or respira-
tory diseases (Bihr and Conboy 1999). However, no
asymptomatic infection was found casually during
our copro-epidemiological investigation (Table 1).

In this study, a case report of canine angios-
trongylosis in a puppy from central Slovakia was
presented. Strong irritating cough persisted in this
young female for more than three months. After
unsuccessful treatment with antibiotics and the
longstanding presence of symptoms of respira-
tory disease, parasitic infection was also consid-
ered within the differential diagnosis. Coprological
examination revealed the presence of A. vasorum
and subsequently the dog was successfully treated
with several doses of imidacloprid and moxidectin.
According to Di Cesare and Traversa (2014), a sin-
gle application of this spot-on solution has 85.2%
efficacy. In our case, however, treatment with a sin-
gle dose of the combination failed. With respect to
this, the number of dosages and the intervals should
be considered taking into account the intensity of
infection and severity of clinical signs.

Herein, the results of the first epidemiological
survey on A. vasorum and C. vulpis occurrence
in dogs from Slovakia were presented. The major-
ity of A. vasorum-infected dogs and the two cases
of canine crenosomosis were found in the eastern
part of Slovakia. These findings correlate with the

epidemiological situation detected in red foxes,
since the first case of canine angiostrongylosis
also came from the same area (Hurnikova et al.
2013; Cabanova et al. 2018). It is clear that eastern
Slovakia constitutes a favourable habitat for both
lungworm species. Several cases of angiostron-
gylosis were also found in other, mainly southern
regions of Slovakia. Additionally, the presented
clinical case of autochthonous angiostrongylosis
from central Slovakia confirmed that lungworms
infection is still neglected by many veterinary prac-
titioners, and extensive education is needed to in-
crease their awareness of pulmonary dog parasites.
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