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Parasite Angiostrongylus vasorum can cause various clinical signs in dogs. The northwards 

spread from previously known endemic foci in Europe is reported. The parasite has been 

found in red foxes (Vulpes vulpes) and raccoon dogs (Nyctereutes procynoides) in Estonia.  

The first aim of the study was to contribute to the search for A. vasorum infection in dogs in 

Estonia. Information about risk behavior for acquiring A. vasorum infection in dogs was 

collected using a questionnaire. Surplus serum or plasma samples were tested using a 

commercial A. vasorum antigen detection test. Forty-eight dogs with clinical signs 

suggestive of canine angiostrongylosis presenting to the Small Animal Clinic of Estonian 

University of Life Sciences in 01.04.2019–30.11.2019 were included in the study. None 

tested positive (0.0%, 95% confidence interval 0.0–6.1). One dog (2.1%) was reported to 

eat slugs and/or snails, and two dogs (4.2%) were reported to eat frogs. 

The second aim was to obtain an overview of the knowledge about A. vasorum among 

veterinarians in Estonia. A questionnaire-based survey was conducted in 2019. Of the 42 

participating veterinarians, 90.5% answered correctly regarding the hosts of the parasite, 

and 12.2% answered fully correctly regarding the diagnostic methods. 

The results suggest that A. vasorum was either not established or not widespread in 2019. 

Continuous professional education for veterinarians regarding diagnostics of A. vasorum 

and canine angiostrongylosis is needed, as spillover from the wildlife to domestic dogs is 

anticipated. 
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Parasiit Angiostrongylus vasorum võib põhjustada koertel erinevaid kliinilisi tunnuseid. 

Euroopas on kirjeldatud uusi nakkusjuhtumeid parasiidi varasemast levikualast põhja pool. 

Eestist on see parasiit leitud nii rebastel (Vulpes vulpes) kui ka kährikkoertel (Nyctereutes 

procyonoides). 

Käesoleva töö esimene eesmärk oli panustada koerte A. vasorum nakkuse uurimisse Eestis. 

Lisaks sellele koguda informatsiooni koerte riskikäitumise kohta, mis teoreetiliselt soodustavad 

nakatumist antud parasiidiga. Uuringusse kaasati 48 koera, kelle esinesid angiostrongüloosile 

viitavad kliinilised tunnused ning kellega pöörduti ajavahemikus 01.04.2019–30.11.2019 Eesti 

Maaülikooli Väikeloomakliinikusse. Testimismeetodiks valiti A. vasorum antigeeni 

tuvastamise test ning uurimismaterjalina kaasatud koerte vereseerumi või -plasma ülejääke. 

Ühegi koera test ei olnud positiivne (0,0%; 95% usaldusvahemik 0,0–6,1). Ühte koera (2,1%) 

oli omanik näinud söömas tigusid ja/või nälkjaid ning kahte koera (4,2%) olid omanikud näinud 

söömas konnasid.  

Töö teine eesmärk oli koguda informatsiooni Eestis tegevusluba omavate loomaarstide 

teadlikkusest A. vasorum kohta antud ajahetkel. Küsimustikul põhinev uuring viidi läbi 2019. 

aastal. Kokku osales anonüümses ja vabatahtlikus uuringus 42 loomaarsti, kellest 90,5% valis 

õigesti parasiidi peremehe, kuid ainult 12,2% valis õigesti kõik diagnostikameetodid.  

Antud uuringu tulemused viitavad, et 2019 aastal kas parasiiti ei esinenud või esinemissagedus 

ei olnud tuvastamiseks piisavalt kõrge. Teavitustöö loomaarstidel A. vasorumi ja koerte 

angostrongüloosi kohata on vajalik, kuna parasiidi levik metsloomadelt koertele on oodatav.  

Märksõnad: Angiostrongylus vasorum, Eesti, koer, loomaarst 
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INTRODUCTION  
 

The nematode Angiostrongylus vasorum (A. vasorum) is a parasite that can cause a variety 

of clinical signs in dogs by affecting the pulmonary arteries and the right side of the heart. 

Clinical signs in infected dogs are often unspecific and include respiratory disease (Mozzer 

and Lima, 2012) and cardiovascular disorders (Morgan et al., 2005; Willesen et al., 2008). 

The main definitive hosts are wild and domestic canids, including the domestic dog (Canis 

familiaris) and the red fox (Vulpes vulpes) (Elsheikha et al., 2014). A. vasorum has an 

indirect life cycle (Taylor et al., 2016). 

In the last decade A. vasorum has spread from previously known endemic foci into new areas 

in Europe (Grandi et al., 2017; Tiškina et al., 2019; Hamnes et al., 2019). In Estonia, A. 

vasorum has been previously reported in wildlife (Laurimaa et al., 2016a; 2016b) but not in 

domestic dogs. At least two anthelmintic treatments, including imidacloprid/moxidectin 

spot-on solution (topical treatment) and milbemycin-oxime, are licensed for the prevention 

and treatment of A. vasorum infection in dogs in Estonia (Ravimiamet, 2021a; 2021b). 

Control and prevention of A. vasorum are challenging because the wild reservoir hosts and 

the intermediate hosts (slugs and snails) are widely distributed in many countries (Bolt et 

al., 1992; Ferdushy et al., 2009; Mccarthy et al., 2016). This is true for Estonia as well. In 

areas where dogs are at high risk of canine angiostrongylosis, a monthly anthelmintic 

administration and/or regular parasitic control are essential (ESCCAP, 2021).  

In Estonia, as A. vasorum is present in wildlife (Laurimaa et al., 2016a; 2016b), spillover to 

domestic dogs is anticipated. Increasing awareness of veterinarians and pet owners about the 

epidemiology and life cycle of A. vasorum, and clinical signs caused by it, is also important 

for helping the prevention and for limiting the spread of the parasite. Moreover, improving 

diagnostic capability is necessary to ensure fast and accurate diagnosis, and thereby allow 

for early treatment. 
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1. LITERATURE REVIEW  
 

1.1.  Angiostrongylus vasorum 
 

The metastrongyloid nematode Angiostrongylus vasorum is a parasite of domestic dogs and 

wild carnivores. The name A. vasorum consists of Greek words „angio“ meaning bottle, 

„strongylos“ meaning round, and „vasorum“ meaning blood vessels (Elsheikha et al., 2014). 

A. vasorum is commonly known by the pseudonym „French heartworm“, which originates 

from the location where the parasite was first recognized in a 2-year-old Pointer dog (Serres, 

1854). Adult worms reside in the pulmonary arteries and the right side of the heart (Bolt et 

al., 1994).  

A. vasorum is of high veterinary importance because of its ability to cause complex disease, 

including coagulopathies (Morgan et al., 2005; Adamantos et al., 2015), neurological 

disorders (Helm et al., 2010; Gredal et al., 2011), cardiovascular disorders, and respiratory 

distress (Chapman et al., 2004) which, in severe cases, can be life-threatening. 

The adult A. vasorum is a reddish worm with a slender body measuring 14-18 mm and 

18-25 mm, for males and females, respectively (Taylor et al., 2016). The oral opening is 

small and circular. Male worms have a small, well-developed copulatory bursa with rays 

(ventral, lateral, and dorsal) and spicules (Duarte et al., 2007), which are 400-490 µm long 

(Taylor et al., 2016). In females, the white ovaries are intertwined with the red intestine. 

This appearance, commonly known as „barber’s pole“, is one of the characteristics of female 

A. vasorum (Rosen et al., 1970). 

The first stage larvae (L1 larvae) are translucent and active. Their size range is 310-380 µm 

long and 14-16 µm wide (Rosen et al., 1970). The posterior end of the parasite is sharply 

pointed and has a distinct notch on the dorsal surface (Taylor et al., 2016). The nerve ring 

(about 6 µm long and 7 µm wide) is located approximately 70 µm from the anterior end of 

the larvae (Pereira et al., 2020) to the middle of the rhabditoid esophagus (Rosen et al., 

1970). 
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The size of second-stage larvae (L2 larvae) is 420-450 µm long and 40-42 µm wide (Rosen 

et al., 1970) and the intestines look dark brown because of large cells that are loaded with 

granules (Taylor et al., 2016). The L2 larvae are less translucent than the L1 larvae (Rosen 

et al., 1970), and L2 are inactively or slightly mobile in an arched position (“C” shaped) 

(Pereira et al., 2020).  

After leaving the intermediate host, the L3 larvae measure 510-610 µm long and 28-34 µm 

wide and are more transparent than other stages (Rosen et al., 1970). The tail tip is pointed 

and has a digitiform structure, which is important in distinguishing it from other 

metastrongyloid species (Ash, 1970). The esophagus is more developed in L3 compared to 

L1 and L2 (Pereira et al., 2020), has two rod-shaped structures visible near the anterior end 

(Ash, 1970) and the nerve ring is visible in the middle of the esophagus (Rosen et al., 1970). 

Limited information is known about A. vasorum genetics and evolution. The mitochondrial 

gene cytochrome c oxidase subunit one has been considered as a suitable marker for genetic 

differentiation (Jefferies et al., 2009) of closely related Angiostrongylus species as well as 

geographical isolates of Angiostrongylus cantonensis (Eamsobhana et al., 2010). A recent 

study showed high genetic diversity of A. vasorum nematodes recovered from foxes in a 

geographically limited area in Switzerland (Tayyrov et al., 2021). Furthermore, in the same 

study the authors described a higher haplotype diversity and higher intraindividual 

variability among urban fox compared to rural fox isolates. 

 

 

1.1.1. Life cycle and transmission 

 

The ovoviviparous genus Angiostrongylus has an indirect life cycle (Figure 1). The adult 

worms of both sexes mate in the larger pulmonary arteries (including branches) and/or in the 

right side of the heart of the definitive host. Females lay unsegmented eggs, measuring 

approximately 70–80 µm by 40–50 µm, which are carried by the bloodstream into the 

capillaries (Taylor et al., 2016). The eggs develop in the capillaries, hatch, and release the 

first-stage larvae (L1) that penetrate the alveolar-capillary wall and migrate from the alveoli 

through the trachea to the pharynx and then to the alimentary tract (Rosen et al., 1970). After 

swallowing the L1 larvae are passed with the feces into the environment (Taylor et al., 2016). 



12 
 

The level of excretion of the A. vasorum is variable throughout the year (Morgan et al., 2005; 

Lange et al., 2018). 

Further development of A. vasorum takes place in a gastropod (snail, slug) intermediate host 

(Ferdushy et al., 2009), where the larvae develop through L2 stage into L3 larvae. The 

intermediate host (or paratenic host) becomes infected by consuming contaminated feces or 

plant material (Taylor et al., 2016). The possible role of the paratenic hosts (in particular 

common frog) in transmitting A. vasorum is unclear (Bolt et al., 1993). The size of L3 larvae 

correlates with the number and the age of the larvae in the intermediate host (Ash, 1970). 

The infective L3 stage is reached on average in 17 days (range 10-21 days) (Taylor et al., 

2016). 

If a final host ingests an infected intermediate host or feed contaminated with the slime an 

infected gastropod, the L3 larvae will penetrate the gastrointestinal tract wall and migrate to 

the abdominal lymph nodes of the final host (Bolt et al., 1993). Subsequently, after the L3 

molts twice, the immature adults (L5) are carried by the blood and lymph into the heart and 

pulmonary arteries (Rosen et al., 1970; Taylor et al., 2016). The prepatent period normally 

lasts 38–57 days (Bolt et al., 1994). 

Figure 1. Life cycle of Angiostrongylus vasorum. (L1) first stage larvae, (L2) second stage 

larvae, (L3) third stage larvae, (L4 and L5) fourth and fifth stage larvae. (Photos by Maare 

Mõttus). 

Maare Mõttus, 02.12.2020 
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It is assumed that ingestion of the L3 larvae by final hosts is the primary route of infection 

(Morgan and Shaw, 2010). Experiments with an unnatural intermediate host, the tropical 

water snail Biomphalaria glabrata, have shown that the L3 larvae can survive in water for 

several days after being stimulated to exit from the snails (Barçante et al., 2003). Therefore, 

dogs could become infected by ingesting free L3 from the environment within a limited time 

period. However, the relevance of this route to natural transmission remains controversial. 

 

 

1.1.2. Hosts of Angiostrongylus vasorum 

 

Angiostrongylus vasorum primarily infects the family Canidae, especially domestic dogs 

and red foxes (Bolt et al., 1992; Morgan et al., 2008), which are the main final hosts. In 

addition, natural angiostrongylosis caused by A. vasorum has been reported in wolves (Canis 

lupus) (De Liberato et al., 2017), coyotes (Canis latrans) (Bourque et al., 2005), mustelids 

including European otters (Lutra lutra), ferrets (Mustela putorius), Eurasian badgers (Meles 

meles) (Simpson et al., 2016), and other species, for example, the red panda (Ailurus fulgens) 

(Bagardi et al., 2021) and meerkats (Suricata suricatta) (Gillis-Germitsch et al., 2017). 

In domestic dogs, the breed predisposition has not been confirmed (Elsheikha et al., 2014), 

although A. vasorum infections have been reported more frequently in some dog breeds 

(Cavalier King Charles Spaniel, Staffordshire bullterrier) (Chapman et al., 2004) and in 

hunting dogs (Al-Sabi et al., 2013). 

The golden jackal (Canis aureus), which has been spreading to new areas including Estonia 

(Maran et al., 2015) has been described as a definitive host of A. vasorum (Gavrilović et al., 

2019). Around the area of the River Danube in Serbia, of 63 golden jackals hunted from 

December 2017 until February 2019, six were infected with A. vasorum. All infected animals 

were hunted from South Banat and the prevalence of A. vasorum for the study area was 24%. 

Dias and coworkers (2008) experimentally infected domestic cat (Felis catus) with A. 

vasorum. Some worms were established, but no larvae developed. However, it remains 

possible that domestic cats can also act as the final host of A. vasorum. In 2019 a case report 

was published about a natural A. vasorum infection in an 11-month-old outdoor cat with 
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clinical signs, and a final diagnosis based on A. vasorum mitochondrial COI gene 

identification by polymerase chain reaction (PCR) (Gueldner et al., 2019). 

The Cobb chickens (Gallus gallus domesticus) have been investigated as a paratenic host for 

A. vasorum. The distribution of L3 in the organs and tissues of the chickens were 

significantly different based on the infection route (Mozzer and Lima, 2015). As the dogs 

started to release the A. vasorum L1 larvae after 51 days of ingestion of the tissues and organs 

of the infected chickens, Mozzer and Lima (2015) suggested that birds may be an important 

link in the lifecycle of the parasite. Chicken represents a considerable part of the raw diet 

eaten by canids (Freeman et al., 2013) in certain countries. 

Angiostrongylus species. can infect a wide range of gastropods (Ubelaker et al., 1980). Snails 

and slugs, both terrestrial (Ferdushy et al., 2009) and aquatic (Barçante et al., 2003), can act 

as intermediate hosts. 

In a 30 km radius of Copenhagen in Denmark, a total of 297 slugs from four different species 

(Arion lusitanicus, Arion ater, Arion ater rufus and Limax maximus) were collected and 

examined for the presence of natural infection of A. vasorum. From the surface of the soil 

48–50 slugs were collected from six different locations. Depending on the location the level 

of A. vasorum natural infection varied from 4% to 26%. Furthermore, the infected species 

were different when compared between the areas examined. In conclusion 28 (9.4%) of the 

297 investigated slugs were infected with A. vasorum and the highest infection prevalence 

were found in forested environment (Ferdushy et al., 2009).  

Lange and coworkers (2018) collected and analyzed 2,701 slugs from four different sites in 

Germany in 2014–2015. A. vasorum was found to be the most common parasitic species 

with a prevalence of 4.7% (127 positives from 2071 samples), compared to Aelurostrongylus 

abstrusus (0.2%) and Crenosoma vulpis (2.3%). In the same study, the prevalence of A. 

vasorum varied with season and species. 

Biomphalaria glabrata snails were experimentally infected with A. vasorum to evaluate the 

infectivity and vitality of the L3 larvae after being released from infected snails (Barçante et 

al., 2003). Snails were infected with A. vasorum L1 larvae and exposed to different external 

stimuli. It was concluded that the number of active infectious L3 larvae released per snail 

was dependent on the conditions designed to induce the shedding of the parasites. Moreover, 

potentially irritating stimuli (light, temperature) within certain limits increased the rate of 
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the shedding of L3 significantly (Barçante et al., 2003). Furthermore, the number of released 

L3 larvae per snail was greater in the case of A. vasorum infection than in other species of 

the genus Angiostrongylus, when the intermediate host was the same (B. glabrata) (Ubelaker 

et al., 1980; Barçante et al., 2003). The authors recommended to avoiding contact with 

infected Biomphalaria glabrata, since the possibility of human infection remains unclear 

(Barçante et al., 2003). 

The common frog (Rana temporaria) can act as a paratenic host (Bolt et al., 1993). The 

actual role of frogs in transmission of A. vasorum is not known but it has been speculated to 

be similar to that of the intermediate hosts (Bolt et al., 1993). 

 

 

1.1.3. Epidemiology 

 

Angiostrongylus vasorum was first described in a dog from southwestern France in 1853 

(Serres, 1854). In recent years, A. vasorum has spread beyond previously local endemic foci 

to infect dogs and red foxes in new areas. A literature search yielded many articles about the 

factors that increase the spreading of A. vasorum, including climate change (Morgan et al., 

2009), urban-adapted hosts such as red foxes (Morgan et al., 2008), and movement of 

domestic dogs and intermediate hosts within and between countries (Morgan et al., 2010a; 

2010b). 

Currently, the parasite has been found in many places of the world, including continental 

Europe and the British Isles (Saari et al., 2018). Canine angiostrongylosis is considered an 

emerging disease in many countries in Europe, for example France (Schnyder et al., 2017), 

Spain (Carretón et al., 2020), and the United Kingdom (Schnyder et al., 2013a). In several 

countries, for example in Norway (Hamnes et al., 2019), Estonia (Laurimaa et al., 2016a; 

2016b) and Croatia (Rajković-Janje et al., 2002), A. vasorum infection has been described 

only in wildlife but not in domestic dogs. 

Two cases of autochthonous A. vasorum infections in domestic dogs have been described in 

Finland. The first of the cases (in domestic dogs) was described in a ten-month-old Labrador 

retriever from Southern Finland in 2014, and the second was in 2017, in a 3-year-old French 

Bulldog from Western Finland (Tiškina et al., 2019). In both cases, the diagnosis was based 
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on direct detection of the larvae by the Baermann technique from the feces of the dogs. The 

article describing these two cases also included an online questionnaire directed toward 

veterinarians about identifying A. vasorum in Finland (Tiškina et al., 2019). From a total of 

38 participating veterinarians, nine (24%) reported having seen at least one dog with canine 

angiostrongylosis, 28 had not seen any, and one was not sure. 

To the author’s knowledge, A. vasorum infection in domestic dogs has not been reported in 

the Baltic countries. In Estonia, the infection was reported in three of 105 investigated red 

foxes in 2016 (Laurimaa et al., 2016a). The samples were collected during 2010-2012. A. 

vasorum infection has also been reported in three of 240 investigated raccoon dogs 

(Nyctereutes procyonoides) in 2010-2012 in Estonia (Laurimaa et al., 2016b).  

A. vasorum was identified for the first time in Sweden in 2003 on the island of Sydkoster 

(Åblad et al., 2003). During a survey in 2013-2014, blood serum of 3885 dogs was collected 

(Grandi et al., 2017). From all tested dogs, 0.51% and 0.88% were positive to A. vasorum 

infection by antigen or by detection of antibodies against this parasite, respectively. In total, 

0.10% of the dogs were positive for both antigen and antibodies of A. vasorum.  

In Denmark, 4,151 fecal samples were collected and 149 of them were positive for lungworm 

larvae (Taubert et al., 2009). Of the positive samples, 92 (2.2%) had A. vasorum larvae and 

57 (1.4%) had Crenosoma vulpis larvae.  

Italy is among the European countries that offers suitable climatic conditions and 

intermediate hosts for the reproduction and spread of A. vasorum (Morgan et al., 2009). 

Traversa and others (2013) conducted a survey in six different regions in Italy. From each 

region, at least 100 dogs were selected by clinical signs that were considered compatible 

with A. vasorum infection. Of the 606 dogs with clinical signs, 14 (2.3%) were identified as 

positive for A. vasorum infection by using the Baermann technique alone, suggesting that 

the real prevalence could be even higher. 

An epidemiological survey comprising a total of 2,024 domestic dogs, was carried out in six 

different areas of Spain between November 2018, and October 2019 (Carretón et al., 2020). 

In the study, the overall prevalence of A. vasorum infection was 1.73%. A statistically 

significant difference related to sex was not found. The highest overall prevalence (3.1%) 

was reported in a group of dogs younger than one year of age, but no conclusion significant 

differences in overall prevalence between age groups were not reported. 
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A study in Romania found that 33 (2.1%) of the 1545 tested dogs were seropositive: three 

dogs were A. vasorum antigen positive and 30 dogs had antibodies against the parasite (Deak 

et al., 2019). The samples were collected from 23 counties during 2016–2017.  

Studies about A. vasorum have been carried out in many countries, including France 

(Schnyder et al., 2017), Germany and the United Kingdom (Schnyder et al., 2013a), Poland 

(Schnyder et al., 2013b), Portugal (Alho et al., 2016), Bulgaria (Pantchev et al., 2015), 

Switzerland (Lurati et al., 2015) and others (Figure 2; Table 1). 

 

Table 1. Angiostrongylus vasorum in European countries. Country, hosts (D-domestic dogs; 

W-wildlife) and selected reference(s) are shown. 

 

Country Host Reference 
Albania  D Shukullari et al., 2015 
Austria D Fuehrer et al., 2020 
Belgium D Lempereur et al., 2016 
Bulgaria D Pantchev et al., 2015 
Croatia  W  Rajković-Janje et al., 2002 
Czechia D Hajnalová et al., 2017 
Denmark D/W Bolt et al., 1992; Taubert et al., 2009; Al-Sabi et al., 

2013 
Estonia W  Laurimaa et al., 2016a; 2016b 
Finland D/W Freeman, 1964; Tiškina et al., 2019 
France D Serres, 1854; Schnyder et al., 2017 
Germany D/W Taubert et al., 2009; Schnyder et al., 2013a 
Greece D Papazaharidaou et al., 2007; Tachmazidou et al., 2021 
Hungary D Benda et al., 2017 
Ireland D/W Brennan et al., 2004; McCarthy et al., 2016 
Italy  D/W Morgan et al., 2009; De Liberto et al., 2017; Bagardi et 

al., 2021 
Latvia - Bagrade et al., 2009 
Lithuania - Bružinskaité-Schmidhalter et al., 2012 
Norway W  Hamnes et al., 2019 
Poland D Schnyder et al., 2013b 
Portugal D Alho et al., 2016 
Romania D Deak et al., 2019 
Serbia D Simin et al., 2014 
Slovakia  D Hurníková et al., 2013 
Spain  D/W Helm et al., 2010; Carretón et al., 2020 
Sweden D/W Åblad et al., 2003; Grandi et al., 2017 
Switzerland D/W Lurati et al., 2015; Gillis-Germitsch et al., 2017 
The Netherlands D van Doorn et al., 2009 
United Kingdom D/W Schnyder et al., 2013a; Taylor et al., 2016 
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Figure 2. Countries in Europe, where Angiostrongylus vasorum has been reported at least 

once. Red: A. vasorum infection has been reported in the domestic dog. Blue: A. vasorum 

infection has not been reported in dogs but has been reported in wild canids. Green: 

published reports did not detect A. vasorum. Grey: no reports about A. vasorum were found.  
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1.1.4. Clinical signs caused by Angiostrongylus vasorum infection 

 

Angiostrongylus vasorum has been increasingly recognized as a cause of a range of clinical 

signs in domestic dogs. Canine angiostrongylosis may be subclinical or manifest as mild to 

moderate nonspecific clinical signs, and in some cases, life-threatening clinical conditions 

can develop (Traversa et al., 2010). 

The nonspecific clinical signs and findings in an infected dog can include coughing, poor 

general condition, exercise intolerance, lethargy, weight loss, vomiting, and auscultatory 

findings such as gagging and abnormal pulmonary sounds (lung crackles) (Traversa et al., 

2013). Dyspnea, tachypnea, increased size of the superficial lymph nodes and heart murmurs 

can be detected on clinical examination (Rinaldi et al., 2014). In severe cases, coagulation 

disorders (Morgan et al., 2005), syncope, and shock can be observed (Brennan et al., 2004). 

Furthermore, life-threatening neurological disorders, lesions of the central nervous system 

(Gredal et al., 2011; Jang et al., 2016), ruptured thoracic aorta, respiratory distress, pneumo- 

or hemothorax (Mozzer and Lima, 2012), and hemoabdomen (Willesen et al., 2008) have 

been reported. Case reports about ocular manifestations (Colella et al., 2016; Hurníková et 

al., 2019) have also been published. 

Thoracic radiography can reveal bronchial, alveolar, and multifocal mixed unstructured 

interstitial pulmonary patterns, enlargement of tracheobronchial lymph nodes (Rinaldi et al., 

2014), generalized or right-sided cardiomegaly, and bulging or slight distension of 

pulmonary arteries, have been reported (Corda et al., 2019). Depending on the severity and 

duration of the infection, echocardiographic findings including tricuspid regurgitation, right 

atrial and ventricular dilatation (Nicolle et al., 2006), changes in pulmonary flow profiles 

and other indications of pulmonary hypertension may develop (Corda et al., 2019). 

In case of bleeding disorders, petechial or ecchymotic hemorrhage (Denk et al., 2009) may 

occur. Hematomas, intracranial hemorrhage, epistaxis, hemoptysis, hematuria, 

gastrointestinal bleeding, hemoabdomen or hemorrhage from the sclera or conjunctiva have 

been described (Ramsey et al., 1996). 

The association of von Willebrand’s factor deficiency and canine angiostrongylosis has been 

described in a case reported by Whitley and colleagues (2005). They found that the 
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laboratory findings of canine angiostrongylosis are similar to the human congenital von 

Willebrand disease. 

Cases of canine ocular angiostrongylosis have been described in 2016 (Colella et al., 2016) 

and in 2019 (Hurníková et al., 2019). Clinical signs including ocular hypertension, hyphema, 

panuveitis, fibrin deposition, blepharospasm, epiphora, photophobia, corneal oedema, blood 

clots in the anterior chamber, increased lacrimation, and others were observed. Free-

swimming nematode(s) in the anterior chamber of at least one eye was described in all 

reported cases. In three of the four cases, the parasites were identified as A. vasorum by 18S 

ribosomal DNA sequencing (Colella et al., 2016; Hurníková et al., 2019). 

In conclusion, the two most predominant clinical syndromes in the case of canine 

angiostrongylosis are respiratory disease and hemorrhagic diathesis (Traversa et al., 2013), 

while the wide range of clinical signs and findings indicate that the infection belongs to the 

differential diagnosis list of many types of canine patients. 

 

 

1.2.  Diagnostic methods 
 

A definitive diagnosis of canine angiostrongylosis can be challenging. Laboratory 

diagnostics, immuno-diagnostics, molecular techniques, and necropsy can be used (Morgan 

et al., 2009). 

The deviation from reference values in biochemical and hematological blood samples, 

without a pathognomonic profile (Schnyder et al., 2010) have been described in the case of 

A. vasorum infection. Anemia, eosinophilia, thrombocytopenia, altered coagulation 

parameters, increased beta-globulin fraction, and hypercalcemia have been described 

(Willesen et al., 2009; Schnyder et al., 2010). In addition, serum fructosamine concentration 

in naturally infected dogs has been studied. Willesen and colleagues (2006) reported that 

mean serum fructosamine value in dogs with canine angiostrongylosis was slightly lower 

than the reference value, but significantly lower compared to the healthy control group. After 

treatment, the mean fructosamine level concentrations of the infected dog group and control 

group were not different. Therefore, a low serum fructosamine concentration may indicate 

A. vasorum infection. 
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The most common method for diagnosing A. vasorum infection has been the Baermann 

technique. It is fecal migration-sedimentation test, where larvae migrate from feces in a 

warm and moist environment after which sedimentation occurs by gravity. The test takes 

12–48 hours to perform (Zajac and Conboy, 2012). After sample centrifugation, the larvae 

are identified based on morphological features such as the sinusoidal terminal appendage 

(Rosen et al., 1970). Humm and Adamantos (2010) found that the test’s sensitivity and 

specificity of the test are correlated with the level of the assessor’s experience. The 

sensitivity was 61% and 54%, specificity 100% and 95%, among experienced and 

inexperienced assessors, respectively. The main limitation of a single fecal examination is 

limited sensitivity, in particular related to the prepatent period when larvae cannot be found 

in the feces (Koch and Willesen, 2009); the reported test sensitivity is approximately 50% 

compared with (antibody) enzyme-linked immunosorbent assay (ELISA) or quantitative 

PCR (qPCR) from broncho-alveolar lavage (BAL) material (Canonne et al., 2018). The 

sensitivity of the Baermann technique can be improved by collecting feces over a three-day 

period (Traversa et al., 2013). 

A sandwich-ELISA based on monoclonal and polyclonal antibodies against the circulatory 

antigen of A. vasorum (Schnyder et al., 2011), as well as PCR and qPCR can be used for 

detection of A. vasorum (Jefferies et al., 2009), but they are not widely available in veterinary 

clinics.  

A patient-side antigen detection test (often referred to colloquially as SNAP-test, derived 

from soluble N-ethylmaleimide-sensitive fusion attachment protein SNAP) for A. vasorum 

is commercially available (IDEXX Angio Detect Test®, Westbrook, Maine, USA) (Figure 

3). The test detects an active infection of A. vasorum by the antigen released by the adult 

worm in blood plasma or serum sample (Liu et al., 2017). Angio Detect Test has a relative 

sensitivity of 97.1% (95% CI 85.1%–99.9%) and a relative specificity of 98.9% (95% CI 

96.0%–99.9%) compared to the Baermann technique. All tested samples from dogs infected 

with other nematodes were negative by this antigen test. An advantage over other diagnostic 

methods is the short time it takes (15 minutes) to perform the test.  
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Figure 3. A) The in-clinic Angiostrongylus vasorum antigen detection test (Angio DetectTM 

Test IDEXX Laboratories, Westbrook, Maine, USA) for detection of A. vasorum infection 

used in the study. B) The test device. (Photos by Maare Mõttus). 

 

Fecal flotation is comparatively less reliable because of lower sensitivity compared to the 

other methods that can be used (Traversa and Guglielmini, 2008).  

Five diagnostic methods (Baermann technique, antigen detection test, antibody-ELISA, 

antigen-ELISA, qPCR on BAL material) for identifying A. vasorum in naturally infected 

dogs were compared in a study (Canonne et al., 2018). Samples were collected from seven 

dogs with reported cough, exercise intolerance, and variable severity of respiratory distress 

with a duration from two weeks to two months. qPCR (7/7 positive) and antibody ELISA 

(6/7 positive) had the highest sensitivity. Less sensitive methods were the Baermann 

technique (3/7 positive), antigen ELISA (3/7 positive) and antigen detection test (2/7 

positive). Despite this, the Baermann technique and antigen detection test could be used, and 

are recommended, as first-line diagnostic methods because of their availability, low cost, 

and noninvasiveness (Canonne et al., 2018). qPCR from BAL material and antibody ELISA 

are more sensitive and can be used as additional, confirmatory diagnostic methods. 

The post mortem microscopic and macroscopic pathological findings in A. vasorum infection 

nematode eggs or larvae, fibrosis of lung tissue, pneumonia and alveolar damage, thickened 

or enlarged right ventricle of the heart (Denk et al., 2009), multifocal dark red or necrotic-
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hemorrhagic areas in lungs, pleural thickening, eosinophilic vasculitis and organized 

thrombi (Rinaldi et al., 2014). 

 

 

1.3.  Treatment 
 

Several canine angiostrongylosis treatment protocols have been published during the last 

two decades (Table 2). Historically, levamisole (Cobb and Fisher, 1990) and ivermectin 

(Martin et al., 1993) have been routinely used as anthelmintic treatments against A. vasorum. 

Their use has significantly decreased during the last decade due to the risk of anaphylaxis 

with levamisole and the risk of toxicosis in breeds with multidrug resistance mutation one 

with ivermectin use (Søland and Bolt, 1996). 

Currently there are some recommended licensed antiparasitic treatments designed to target 

other parasites that are also effective against A. vasorum (Table 2). These treatments are the 

imidacloprid/moxidectin spot-on solution, which has been shown to be effective in removing 

subadult (L5) and immature (L4) forms (Willesen et al., 2007) and milbemycin-oxime 

tablets in combination with praziquantel (Conboy, 2004). Milbemycin-oxime reduces the 

number of L5 and L4 stages. One commonly used treatment option, which is not licensed as 

an A. vasorum treatment in various areas is fenbendazole (Willesen et al., 2007). 

Hypothetically, it reduces the risk of anaphylaxis by having a slow impact on the target 

(Elsheikha et al., 2014).  

Available licensed oral antiparasitic treatments against A. vasorum in Estonia are 

milbemycin-oxime tablets in combination with praziquantel (2.5/25mg or 12.5/125mg 

tablets), and milbemycin-oxime-afoxolaner combined tablets (1.875/9.375mg, 

3.75/18.75mg, 7.5/37.5mg, 15/75mg or 30mg/150mg) (Ravimiamet, 2021a). A topical spot-

on solution the moxidectin/imidacloprid solution (25/100mg 1ml, 62.5/250mg 2.5ml, 

10/40mg 0.4ml, 100/400mg 4ml) is also available (Ravimiamet, 2021b). Federation of 

European Companion Animal Veterinary Associations (FECAVA, 2019) has recommended 

to retest dogs with the Baermann technique or serologically for antigen detection 3-4 weeks 

after treatment. 
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Table 2. Treatment of the Angiostrongylus vasorum infection. Active substances, 

recommended doses and references are listed.  

Drug Dose Publication 
Imidacloprid/ 
Moxidectin  

Min 2.5 mg/kg moxidectin (max 6.25 mg/kg) and 
min 10 mg/kg imidacloprid (max 25 mg/kg) 
topically (0.1 ml/kg single dose spot on) 
Imidacloprid 10% moxidectine 2.5% (spot on) 

Willesen et al., 2007 
 
 
FECAVA, 2019 

Milbemycin-
oxime 

0.5mg/kg orally once weekly for 4 weeks 
 

Conboy, 2004; 
FECAVA, 2019 

Fenbendazole  20–25 mg/kg orally once daily for 20 days  
25–50 mg/kg orally once daily for 7–21 days  
50 mg/kg orally once daily for 14–21 days 
25–50mg/kg orally once daily for 20 days 

Willesen et al., 2007; 
Corda et al., 2019; 
Chapman et al., 2004 
FECAVA, 2019 

Levamisole* 7.5 mg/kg orally once daily for 2 days the 10 mg/kg 
for 2 days  
12.5 mg/kg subcutaneously for 3 days  

Søland and Bolt, 1996 
Brennan et al., 2004 
Cobb and Fisher, 1990 

Ivermectin* 200–400 µg/kg subcutaneously every 3 weeks for 
2–4 treatments  

Bourque et al., 2002 
Martin et al., 1993 

 
*Infrequently or historically used substances 
 

Supportive and symptomatic treatment may be necessary in some cases. Antibiotic treatment 

is not routinely indicated but may be necessary if secondary bacterial infection develops. 

Corticosteroids are be used to prevent immune-mediated reaction caused by killed worms 

and reduce fibrosis in recovering lungs. A calm environment, oxygen-enriched air, 

bronchodilators, and diuretics may be necessary for dyspneic patients (Koch and Willesen, 

2009). 

 

 

1.4.  Control and prevention 
 

The main reservoirs of A. vasorum are red foxes (McCarthy et al., 2016) and intermediate 

hosts, and consequently, eradication is impracticable. However, several measures to control 

and prevent the infection in dogs have been described or can be reasoned based on available 

literature. 

Regular preventive anthelmintic treatment of dogs is recommended depending on the local 

epidemiological situation. In hyperendemic areas and endemic areas year-round monthly 

anthelmintic administration and/or regular parasitic controls are strongly recommended 
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(Willesen et al., 2007). The resistance of A. vasorum to anthelmintic drugs has not yet been 

reported (Morgan and Shaw, 2010). Dogs in the endemic areas without anthelmintic 

treatment or those treated with fenbendazole were about twice as likely to test positive for 

A. vasorum infection than dogs treated every three months with milbemycin-oxime (Morgan 

et al., 2010). 

Environmental contamination with A. vasorum occurs when L1 larvae are excreted into the 

environment with feces, thus removing feces might enhance local protection. 

The ingestion of snails and slugs should be prevented (Morgan and Shaw, 2010). 

Molluscicides are offered as an option for preventing dog’s access to the intermediate hosts. 

Killing snails and slugs with pesticides is controversial, as they are a potential causative 

agent of dog toxicosis and the risk of infection is not directly reduced as A. vasorum will 

survive for some time after the intermediate host is killed (Elsheikha et al., 2014) and as 

dead intermediate hosts are more available to dogs the risk of A. vasorum infection might be 

even higher.  

Raising awareness among pet owners about intermediate hosts and the life cycle of A. 

vasorum is important. The owners are able to reduce potential risk factors of A. vasorum 

infection for their dogs, for example by reducing contact with intermediate hosts by 

removing them from a garden (Morgan and Shaw, 2010) and cleaning the area after the dog 

has defecated. Owners’ knowledge about clinical signs of canine angiostrongylosis is also 

important, so the veterinarian can be contacted as soon as suggestive clinical signs appear. 

Moreover, knowledge among veterinarians is critical for early and accurate diagnosis, 

preventing life-threatening conditions from developing, and controlling the spread of the 

parasite. 
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2. AIMS OF THE STUDY 
 

The aims of the current thesis work were i) contribute to the search for A. vasorum infection 

in domestic dogs in Estonia, and ii) to obtain an overview of the knowledge about A. vasorum 

among authorized veterinarians in Estonia. 

The specific aims were to 

• Estimate the proportion of domestic dogs, among dogs that had suggestive clinical signs 

of canine angiostrongylosis and that were taken to the Estonian University of Life 

Science Small Animal Clinic (EMÜ VLK), that were found to be positive with the A. 

vasorum antigen detection test. 

• Summarize information on the potential risk behaviors for the infection among the dogs, 

collected using a questionnaire. 

• Summarize the knowledge about A. vasorum among authorized veterinarians in Estonia, 

surveyed using a questionnaire. 
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3. MATERIALS AND METHODS 
 

3.1.  Study on domestic dogs 
 

3.1.1. Inclusion criteria 

 

The study was conducted, and samples were collected in the between 01.04.2019–

30.11.2019 in EMÜ VLK. This study comprised the second sampling period of a larger 

multicenter study (Oborina et al., 2021). 

Suitable dogs were selected by the sole discretion of the attending veterinarians based on 

guidance from the research group, including an introduction to the study carried out before 

the study period. Instructions included a PowerPoint presentation about A. vasorum and 

information sheet with examples of clinical signs suggestive of canine angiostrongylosis 

(Appendix 1). Coughing, neurological signs, coagulopathies, cardiorespiratory signs, 

exercise intolerance, and unspecific signs were mentioned as clinical signs that could be 

suggestive of canine angiostrongylosis. 

The clinical signs were divided into four headline categories: cardiorespiratory symptoms, 

coagulopathies, unspecific symptoms, and others. The veterinarians were asked to write 

down the clinical signs of the dogs under suitable category or categories, which were the 

basis of the inclusion the dogs in the study. 

For the study, only surplus blood serum or plasma was used. Dogs were included in the study 

only if the blood sample was collected for unrelated diagnostic purposes and the surplus 

sample was available for testing. No blood samples were collected specifically for this study 

alone.  

The permission of the dog owners to use a surplus blood sample of the dog was also one 

criterion for including dogs in the study. 
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3.1.2. Questionnaire for dog owners 

 

The dog owners were asked to fill in a multiple-choice questionnaire (Appendix 2, B) to 

obtain background information about the dog. The questionnaire was in Estonian language, 

printed on paper and started with questions about the dog’s age (under or over one year), 

sex, and the county where the dog lived. The questionnaire also asked whether the dog had 

traveled or had been imported from abroad. If the question was answered with a “Yes”, then 

specifics were asked, which country the dog has traveled to or been imported from. The 

questionnaire included questions about the latest anthelmintic treatment (options were 

“Within the last month”, “2–6 months ago”, “More than 6 months ago”, or “Do not know”). 

As the A. vasorum life cycle is indirect, and involves intermediate and paratenic hosts, 

questions about whether the dog was known to eat slugs and/or snails, and whether the dog 

was known to eat frogs were asked. Four options were given: “Yes, I have seen”, “It is 

possible that eats”, “No, it is not possible”, or “Do not know”. 

 

 

3.1.3. Angiostrongylus vasorum antigen detection test 

 

All samples were tested with an in-clinic antigen detection test (Angio DetectTM Test IDEXX 

Laboratories, Westbrook, Maine, USA) (Figure 3). The test was performed according to the 

manufacturer's instructions using blood plasma or serum.  

Before conducting the test, the material was kept at the room temperature (18–25 °C). Based 

on the literature review lipemic or hemolyzed sample would not affect the test result (Liu et 

al., 2017), and therefore the presence of hemolysis or lipemia was not assessed. The test 

device was removed from the sealed pouch and placed horizontally on the table, the blood 

sample number was written on the test device and three drops of the sample was added into 

the circular sample well (S) with the pipette included in the testing kit. After the sample was 

completely absorbed, three drops of buffer solution were added into the sample well and the 

time was written on the device. The test was interpreted after 15 minutes.  

Appearance of a purple/pink control line (C) and test line (T) indicated positive result. The 

test was negative when only a purple/pink control line (C) appeared. If no control line 
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appeared the test was interpreted as an invalid test and the procedure was repeated with a 

new test. 

3.1.4. Statistical analysis 

 

As answering was voluntary to the owners, partially filled questionnaires were also included. 

Information was transferred to Microsoft Excel and basic coding was performed. The 

proportions of the answers from the questionnaire to the dog owners were calculated. The 

confidence intervals (95% CI, Mid-P exact) for the proportions of the in-clinic test were 

calculated using OpenEpi software (Dean et al., 2018). 

 

 

3.1.5. Ethical considerations 

 

The participation in the study was entirely voluntary and anonymous for the dog owners. No 

personal information about the owners was collected. The name, exact date of birth, and the 

registration code (EMÜ VLK clinical ID) of the patient were not recorded. All results are 

reported so that the owners and dogs cannot be identified. Handing the filled questionnaire 

to the staff of the veterinary clinic was considered as consent for their answers to be used in 

the study. Participation in the study did not cause additional cost to the owners. As surplus 

blood sample was used, participation in the study did not cause any extra discomfort or 

suffering to the dogs. 
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3.2.  Questionnaire survey among veterinarians 
 

3.2.1 Recruitment of participants  

 

Participants were recruited by advertising the study at the veterinary medicine conference 

“Veterinaarmeditsiin 2019” held in Tartu on 25.–26.10.2019. All veterinarians who 

participated in the conference received the questionnaire (Appendix 2, A), printed on a 

paper, as it was included in each delegate conference bag. Only veterinarians, not other 

conference participants, got a bag with a questionnaire. The request to participate in the study 

was repeated several times by the coordinators of sections during the conference.  

 

 

3.2.2 Questionnaire 

 

The participants could choose none, one, or more answers. The first question in the 

questionnaire (Appendix 2, A) was whether the participant was an authorized veterinarian 

in Estonia. The question was the basis of inclusion, those who answered “Yes” were included 

in the study. Secondly, participating veterinarians were asked to select their working 

region(s) from the 15 counties of Estonia, the last option was “other”. 

The remaining questions were about A. vasorum. The first question asked whether A. 

vasorum is a bacterium, parasite, or virus. This was followed by questions about the host 

(options were bovine, dog, human or do not know), the vector (options were tick, mosquito, 

slug/snail or do not know), and the diagnostic methods (options were in-clinic test from 

blood; Baermann test from feces; DNA test from milk; do not know).  

The last question was whether the participants had diagnosed A. vasorum. Those answering 

“Yes” were asked to specify where, when and which clinical signs the dog had had. All 

questions about A. vasorum had the option to choose the answer “do not know”. 

The veterinarians were asked to answer based on their current knowledge and without using 

other information sources. By returning the filled questionnaire into a designated box at 

reception the participants gave their permission to use their answers in the study. 
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3.2.3 Statistical analysis 

 

As the answering was voluntary to the veterinarians, also partially filled questionnaires were 

included in the analysis. The data were transferred into the Microsoft Excel and basic coding 

was used to process the data. The proportions of veterinarians selecting the certain answers 

were calculated. 

 

 

3.2.4 Ethical considerations 

 

In the questionnaire survey for veterinarians, the participation was voluntary and 

anonymous. No personal information was collected. The results are reported so that 

individual person cannot be identified. The mentioned factors of the study being voluntary 

and anonymous are considered to have decreased any potential stress or concern associated 

with public perception. As the veterinarians were asked to answer based on their current 

knowledge, potential stress and difficulties associated with finding information in the 

situation of the conference were not considered relevant. Some stress associated with 

answering to the questionnaire cannot be excluded, but attempts were made to minimize the 

stress through the use of multiple-choice questions in the questionnaire. By returning the 

filled questionnaire in the reception the participants gave their consent for their answers to 

be used in the study. 
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4. RESULTS  
 

4.1. The results of questionnaire for dog owners 
 

Altogether 48 dogs were included in the study. The results from the questionnaires collected 

from the dog owners are shown in Appendix 3. 

In the study, dogs originated from seven counties (Figure 4). Most of the included dogs were 

from Tartu county, followed by Võru county, Põlva county, Valga county, Ida-Viru county, 

Jõgeva county and Viljandi county.  

 

Figure 4. Residence counties of the dogs included in the study. Tartu county (n=26; 54.2%), 

Võru county (n=5; 10.4%), Põlva county (n=5; 10.4%), Valga county (n=4; 8.3%), Ida-Viru 

county (n=4; 8.3%), Jõgeva county (n=2; 4.2%), Viljandi county (n=2; 4.2%). 

 

Maare Mõttus, 04.02.2020 
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4.1.1. Age and sex distribution of tested dogs 

 

Six (12.5%) of 48 dogs tested were under one year old and 42 (87.5%) were older than one 

year (Appendix 3). Of the included dogs, 52.1% were female (n=25), including 17 (35.4%) 

unneutered and eight (16.7%) neutered, and 47.9% male (n=22), including 15 (31.6%) 

neutered and seven (14.6%) unneutered. In one returned questionnaire the sex of the dog 

was not specified. 

 

 

4.1.2. Travel history of the dogs 

 

Of included dogs, 36 (75.0%) had reportedly never traveled outside of Estonia, while six 

(12.5%) had been imported to Estonia as a puppy. According to the results, 12 (25%) dogs 

who were included in the study had been abroad at least once. Countries mentioned in the 

questionnaires were in Europe and in Asia. 

 

 

4.1.3. Latest anthelmintic treatment  

 

Approximately half of the dogs (47.9%) included in the study had been treated with 

anthelmintic drugs within the last month (Figure 5). In conclusion the latest anthelmintic 

treatment of the tested dogs was within the last six months in 83.3% of cases.  

Figure 5. Reported latest anthelmintic treatment of dogs that were included in the study. 
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4.1.4. Eating intermediate and paratenic hosts of Angiostrongylus vasorum 

 

One (2.1%) owner reported having seen the dog eating intermediate hosts of A. vasorum. 

This behavior was considered possible for eight (16.7%) dogs, while for 21 (43.8%) dogs 

the owners considered it not possible and for 18 (37.5%) the owners selected “Do not know” 

(Figure 6, A). 

Two (4.2%) owners reported having seen dogs eating paratenic hosts of A. vasorum. Eight 

(16.7%) owners considered it possible, 25 (52.1%) owners considered it not possible and 13 

(27.0%) selected “Do not know” as the answer (Figure 6, B). 

 

 

Figure 6. Selected answers by dog owners regarding the dogs eating intermediate hosts (A) 

and paratenic hosts (B) of Angiostrongylus vasorum.  

 

 

4.2.  Clinical signs  
 

The veterinarians categorized the clinical signs suggestive of canine angiostrongylosis that 

the dogs had most commonly under cardiorespiratory (n=39) and unspecific (n=39) 

A B 
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categories, and less frequently under coagulopathy (n=1) and other (n=12) categories (Figure 

7). 

Cough (n=28) was mentioned for 58.3% of the dogs included in the study. Other clinical 

signs mentioned under the cardiorespiratory category included heart failure for 10.4% (n=5), 

tachycardia for 8.3% (n=4), and sneezing for 8.3% (n=4) of tested dogs. Under unspecific 

clinical signs, weakness (including exercise intolerance) was mentioned for 18.8% (n =9) of 

the tested dogs. Anemia was mentioned for 10.4% (n=5) of the tested dogs and vomiting 

was mentioned for 10.4% (n=5) of the tested dogs. Other clinical signs and findings 

mentioned included coagulation abnormalities, seizures, inappetence, diarrhea, pancreatitis, 

halitosis, neoplasia, and increased liver enzymes (Figure 7). 

 

Figure 7. Clinical signs mentioned by veterinarians in dogs included in the study. The 

categories of clinical signs are given in the first column. The second column are number of 

reported clinical signs under each category and the third column gives examples of each of 

the categories. 

 

 

4.3.  Angiostrongylus vasorum antigen detection test results 
 

None (0.0%) of 48 tested dogs were positive for A. vasorum infection by the antigen 

detection test (95% CI 0.0–6.1). 
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Cardiorespiratory signs n 39

Cought, crackles on auscultation, tachycardia, 
sneezing, tachypnea, heart failure, respiratory 

distress, cardiac murmur, nasal discharge, 
syncope, collapse, pulmonary hypertension

Coagulopathies n 1 Blood clotting abnormalities

Unspecific signs n 39

Fever, neurological sign, anemia, exercise 
intolerance, inappetence, weakness, PU/PD, 

vomitting, diarrea, quick weight loss, abdomen 
enlargement, dehydration, increase in liver 

enzyme

Others n 12 Pancreatitis, neoplasia, halitosis, pyometra
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4.4.  Results of the questionnaire for veterinarians about Angiostrongylus 

vasorum 
 

Althogether 46 questionnaires were filled and returned. Four participating veterinarians did 

not select that they would be authorized to work in Estonia and their answers thus excluded 

from the survey-study. In total 42 were included in the study. The answers chosen by the 

participants in the questionnaire are shown in Table 3. 

The first question, “A. vasorum is...” was selected correctly, that it is a parasite (Rosen et al., 

1970) from provided options in 97.6% (n=41), the answer was not selected in 2.4% (n=1), 

and “I do not know” was selected in 2.4% (n=1). The correct answer that the dog is a host 

for A. vasorum (Helm et al., 2010) from provided options and that snails/slugs are the main 

vectors (Ferdushy et al., 2009) were selected by 90.5% (n=38) and 66.7% (n=28) 

respectively. Five (11.9%) participants selected “do not know” the host of A. vasorum and 

two (4.8%) selected humans as a host. Of the possible methods for diagnosing A. vasorum, 

the “Snap test from blood sample” (Liu et al., 2017) was selected by 32 (76.2%), the 

Baermann technique (Zajac and Conboy, 2012) by 11 (26.2%), and both methods together 

(Canonne et al., 2018) were selected five times (12.2%). Six (14.3%) participating 

veterinarians select the option “I do not know” for the question of how to diagnose A. 

vasorum. 

In the final question, whether they have diagnosed canine angiostrongylosis in Estonia 

97.6% (n=41) answered “No”. This was the only question where the total number of answers 

was equal to the total number of participants, both 42. One veterinarian answered that they 

had suspected canine angiostrongylosis, but since no diagnostic test was performed, the 

suspected diagnosis was not confirmed. Based on the description, the case was likely not 

canine angiostrongylosis. 
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Table 3. Answers of 42 veterinarians authorized to work in Estonia who participated in the 

questionnaire survey about Angiostrongylus vasorum. Answers are categorized as “Correct 

answer”, “Other answers”, and “No answer”. 

 Answer(s) n Percentage Reference of the 
correct answer 

Angiostrongylus 
vasorum is 

    

Correct answer  “Parasite” 41 97.6%  Rosen et al., 1970 
Other answers “Bacteria” or 

“Virus” or 
“I do not know” 

1 2.4%   

No answer  1 2.4%   
A. vasorum can infect     
Correct answer  “Dogs” 38 90.5%  Helm et al., 2010 
Other answers “Cattle” or 

“People” or 
“I do not know” 

7 16.7%  

No answer  0 0.0%   
A. vasorum vectors are     
Correct answer  “Snails/slugs” 28 66.7%  Ferdushy et al., 2009 
Other answers “Ticks” or 

“Mosquitoes” or  
“I do not know” 

16 38.1%  

No answer  0 0.0%   
Possible methods for 
diagnosing A. vasorum 

    

Correct answer “Snap test from 
blood sample” and 
“The Baermann test 
from feces” 

5 12.2% Canonne et al., 2018 

Partly correct answer “Snap test from 
blood sample” 

32 76.2% Liu et al., 2017 

 “The Baermann test 
from feces” 

11 26.2%  Zajac and Conboy, 
2012 

Other answer “DNA from milk” or 
“I do not know” 

6 14.3%   

No answer  0 0.0%   
 
n = number of veterinarians who marked the specific answer option.  
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5. DISCUSSION 
 

5.1.  General considerations 
 

The main aims of this thesis were to contribute to the search for A. vasorum infection in 

domestic dogs in Estonia and obtain an overview of knowledge about A. vasorum among 

authorized veterinarians in Estonia. As A. vasorum was reported in Estonia approximately 

five years ago in red foxes and raccoon dogs (Laurimaa et al., 2016a, 2016b), spreading to 

the dog population is probably prospective, perhaps especially in the case of hunting dogs 

(Papazaharidaou et al., 2007; Al-Sabi et al., 2013). 

Several case reports and articles have been published about A. vasorum epidemiology (e.g. 

Morgan et al., 2010a, 2010b; Schnyder et al., 2017; Carretón et al., 2020), hosts (e.g. Bolt 

et al., 1992; De Liberato et al., 2017), clinical signs (e.g. Denk et al., 2009; Traversa et al., 

2013; Rinaldi et al., 2014, Corda et al., 2019) diagnostic methods (e.g. Zajac and Conboy, 

2012; Liu et al., 2017) and treatment (e.g. Willesen et al., 2007; Bagardi et al., 2021) in 

Europe. A PubMed search for “Angiostrongylus vasorum” for the years 2011–2021 (April) 

yielded 206 results, which indicates that A. vasorum is an emerging and a well-studied 

parasite internationally, and research in Estonia seems necessary – there is a gap that should 

be filled. Articles about the knowledge of A. vasorum and/or canine angiostrongylosis 

among veterinarians were not found, which indicates that future research is needed, and that 

the survey performed in this work is pioneering. 

The thesis work was successful in contributing to the search for A. vasorum infection in 

domestic dogs in Estonia, as 48 dogs were tested. The results of this thesis are part of the 

first study in dogs with clinical signs suggestive of angiostrongylosis in Estonia (Oborina et 

al., 2021). The sample size of this work contributed substantially to the total sample size of 

the larger study (Oborina et al., 2021), thereby narrowing the confidence interval of the total 

overall estimate. Moreover, the questionnaire survey provided useful information about the 

knowledge of A. vasorum among veterinarians in Estonia. Based on the literature search and 

the work done in this thesis, there is a further need to continue investigating A. vasorum in 

Estonia.  
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5.2.  Limitations of the current study in the detection of Angiostrongylus 

vasorum  
 

This study focused on the detection of canine angiostrongylosis in dogs in Estonia. The dog 

population in Estonia was estimated to be approximately 230,000 in 2019 (Statista, 2021). 

The Estonian pet register included 52,067 dog microchip numbers in March 2021 (Eesti 

Lemmikloomaregister, 2021). As the sample of the study only included dogs that were taken 

into the EMÜ VLK and had clinical signs suggestive of canine angiostrongylosis, the dogs 

cannot be considered to represent the entire dog population of Estonia well. The clinical 

signs as in inclusion criterion was set to increase the likelihood of detecting any affected 

dogs, partly because the available number of tests was limited. 

One considerable limitation of including dogs in the study was that blood samples had to be 

taken from suitable candidates for other reasons because only surplus blood samples were 

used. The blood sample was not collected specifically for the research purpose only because 

this would have required special permission for ethical reasons, and was not considered 

necessary, as the surplus samples were suitable for the purpose. Furthermore, using surplus 

plasma or serum saves resources. 

In Estonia, EMÜ VLK is a referral clinic and referral bias may have affected the results. 

Severely ill patients are often forwarded from smaller clinics to EMÜ VLK. This may have 

increased the possibility to find a case of canine angiostrongylosis, as it can be severe. 

In this study, only one testing method, the antigen detection test, was used. According to its 

specificity 98.9% and sensitivity 97.1% compared to the Baermann technique, false negative 

and positive results are possible. Parallel testing with the Baermann technique would have 

increased the sensitivity, especially if feces collected over three days were used (Traversa et 

al., 2013). On the other hand, collecting feces and transporting them to the clinic is more 

time consuming and laborious, especially for the dog owner, compared to the antigen 

detection test in performed at the clinic from the dog’s surplus blood sample. Additional 

obligations for the owner could potentially have had a negative effect on the total sample 

size of the study. Furthermore, the Baermann technique is more time consuming and requires 

a skilled person to identify the parasites. A study with a larger sample size and using both 

the antigen detection test and the Baermann technique, could be one further development of 

future study into A. vasorum in Estonia. 
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The location of the EMÜ VLK could have minorly influenced the results, but as the parasite 

has been shown to have a multifocal distribution in several countries (Schnyder et al., 2013a; 

Schnyder et al., 2017). According to the results, tested dogs originated from seven different 

counties which are all located in the eastern and southeastern parts of Estonia, so the 

sampling was indeed good for the expected distribution A. vasorum has previously been 

detected in red foxes and raccoon dogs in Estonia, with a prevalence estimates of 2.9% and 

1.3% respectively (Laurimaa et al., 2016a, 2016b). In the mentioned study of red foxes 

(Laurimaa et al., 2016a), the samples were collected from eight different counties, mostly 

from central and northwestern Estonia. In a study of raccoon dogs (Laurimaa et al., 2016b), 

the samples were collected from nine counties which were not all specified, only Järvamaa 

and Saaremaa were mentioned. In conclusion of the ten counties where A. vasorum infection 

has been studied previously (Laurimaa et al., 2016a; 2016b) there were four overlapping 

counties with the current thesis work (Tartumaa, Viljandimaa, Põlvamaa and Valgamaa).  

 

 

5.3.  The risk factors of Angiostrongylus vasorum infection 
 

5.3.1. Risk behavior in eating intermediate and paratenic hosts of Angiostrongylus 

vasorum 

 

Approximately 55 species of water snails and 85 species of terrestrial snails, of which 71 are 

terrestrial snails with a chamber and the remaining 14 are slugs (terrestrial snails without a 

chamber) live in Estonia (Kiristaja et al., 2014). Of amphibians, 11 species of frogs live in 

Estonia (Eesti Looduse Fond, 2021a). The exact number of species that can act as 

intermediate or paratenic hosts of A. vasorum has not been studied in Estonia. This offers 

many opportunities for future research in Estonia. 

According to the results of the questionnaire to dog owners, 18.8% of the owners did not 

exclude a possible contact between their dog and intermediate hosts, including 2.1% of 

owners who had seen their dogs eating intermediate hosts. Behavioral factors (for example 

eating slugs, snails, or frogs) and age have been considered as a risk factors for A. vasorum 

infection (e.g. Chapman et al., 2004; Morgan et al., 2010). To reduce a risk of eating 

intermediate hosts, using molluscicides and pesticides to eliminate intermediate hosts has 
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been proposed in the literature but is not recommended, because of the existing danger of 

dog toxicosis (Elsheikha et al., 2014) and influence on natural diversity. Furthermore, A. 

vasorum will survive for some time after the intermediate host has been killed (Elsheikha et 

al., 2014).  

The importance of protecting plants in gardens from slugs has been discussed more in 

context of the invasive slug Arion lusitanicus (Păpureanu et al., 2014) in Estonia. In the 

future, the dog owners should also be educated more about intermediate hosts being as one 

of the risk factors for canine angiostrongylosis. Removing intermediate hosts and 

appropriately eliminating dog feces can reduce the spreading of parasites and thereby reduce 

the risk of infection. A popular-science article oriented to the dog owners about A. vasorum 

and its intermediate hosts as the potential risk factor for dogs to become infected with A. 

vasorum could be beneficial. 

 

 

5.3.2. Inadequate parasite control 

 

According to the results, 35.4% of the included dogs had been treated with anthelmintic 

drugs within the last month. In Estonia, regular monthly anthelmintic treatment and/or fecal 

sample analysis is recommended, not because of A. vasorum, but due to other parasites (e.g. 

Echinococcus species.) (ESCCAP, 2021). Two percent of dogs were reported to have been 

treated more than six months ago and 14.7% of dogs had an unknown history of treatment 

with anthelmintic drugs, which indicates that dog owners are not sufficiently careful enough, 

or not aware enough of the importance of regular anthelmintic treatment. Preventative 

anthelmintic treatment is strongly recommended depending on the local endemic situation 

(Willesen et al., 2007). 

In the future, the option for limiting the spread of parasites and controlling the infection level 

of endemic parasites in Estonia should be implemented. For example, routine fecal sample 

analysis for all dogs, obligatory fecal sample analysis for all traveling dogs immediately after 

arrival suitable time should be strongly recommended. Regular fecal sample analysis could 

be strongly encouraged, or even obligatory, to some specific groups, perhaps show, sport 

and hunting dogs. 
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5.3.3. Knowledge gaps about Angiostrongylus vasorum among veterinarians 

 

The vast majority (97.6%) of participants selected correctly that A. vasorum is a parasite. 

The vectors of A. vasorum and possible methods for diagnosis were selected totally correctly 

by 66.7% and 12.2% respectively. The results indicate that there is room for improvement 

in knowledge about A. vasorum among veterinarians in Estonia. As the questionnaire was 

given only to the veterinarians participating in a veterinary medicine conference in 2019, the 

number of participants in our study was limited and the sample may not represent the whole 

profession well. 

The questionnaire was given to all veterinarians participating in the veterinary medicine 

conference 2019, including small animal, productive animal, and wildlife veterinarians. As 

A. vasorum is affects mostly domestic dogs and wild canines it might be a relevant topic of 

small animal and wildlife medicine. The involvement of productive animal veterinarians 

could have affected the results as this current topic is not directly related to their field. 

Furthermore, the percentage of potentially participating wildlife veterinarians is low as just 

few veterinarians are involved in wildlife medicine in Estonia. 

Veterinarians working in EMÜ VLK during the period when the first part of the study was 

conducted, were likely to be more knowledgeable about the parasite than veterinarians in 

general. It is possible that they attended the conference and participated in the questionnaire 

survey. Moreover, the published factsheets (FECAVA, 2019) and recent articles about A. 

vasorum infection (Laurimaa et al., 2016a; 2016b; Tiškina et al., 2019) may have affected 

the knowledge of veterinarians.  

The effect of scientific research conducted in the particular country as well as the published 

articles about the local parasitological situations cannot be underestimated. 

Despite their limitations, questionnaire surveys may help to obtain an overview of the 

situation, as well as increase awareness of the pathogens for the current area, whilst also 

helping in the conduction of more advanced studies in the future. The increase of awareness 

among veterinarians is important in order to improve detection frequency and prevention the 

spread of A. vasorum in Estonia. Use of in-clinic tests could be expanded and fecal sample 

analysis should be done more often in veterinary clinics. 
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Regarding dog owner awareness, the veterinarians are an important information source 

regarding dog’s health condition, anthelmintic treatment necessity, and frequency. 

At least one testing method of A. vasorum infection in domestic dogs should be available in 

veterinary clinics to enable early detection and thereby preventing the spreading of the 

parasite in Estonia. 

 

 

5.4.  Ideas for future research on Angiostrongylus vasorum in Estonia  
 

Based on this work, it is clear that more research on A. vasorum would be useful in Estonia. 

Repeating a similar study to the one performed on domestic dogs could be useful to monitor 

the situation and detect the possible first cases efficiently. Furthermore, the research on 

hunting dogs or dogs kept outdoors could be useful because of their potential contact with 

the natural reservoirs and intermediate hosts of A. vasorum. 

Future studies of A. vasorum infection in Estonia should also focus on the natural reservoirs, 

of the parasite, including red foxes and raccoon dogs, and could be perhaps be combined 

with other studies, for example with the Agriculture and Food Board’s annual rabies 

monitoring program (Marutaud ja selle tõrje Eestis, 2008). The Agriculture and Food Board 

coordinates and performs animal disease control activities in Estonia, including sampling of 

wild animals suspected of having rabies. To prevent and assess the spread of rabies and the 

effectiveness of vaccination, several foxes' and raccoon dogs' heads and blood samples are 

collected according to a plan from all over the country. The same blood samples could be 

used for the detection of A. vasorum infection by antigen detection test, if the method can be 

used on those host species and the sample material is suitable. Other research methods for 

detection of A. vasorum infection may be considered.  

Moreover, similar research for A. vasorum detection in intermediate hosts as in Copenhagen, 

Denmark (Ferdushy et al., 2009) could be done in Estonia. In the mentioned research the 

intermediate hosts were collected from demarcated area and divided into the groups by size 

and species. Parasitological examination was conducted, and the larvae were identified.  

Yet another idea for future research could focus on the detection of A. vasorum in paratenic 

hosts. The Estonian Fund for Nature is organizing a "Frogs on the Road" project to rescue 
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frogs from highways (Eesti Looduse Fond, 2021b). Not all frogs can be saved. In cooperation 

with the rescue teams, dead frogs could be collected and tested for A. vasorum infection. 

This idea has many limitations such as a limited sample size and not optimal material. 

Nevertheless, it has the potential to yield useful results that could add to the knowledge of 

the spread of A. vasorum in Estonia.  
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6. CONCLUSIONS 
 

During the study period none of the 48 dogs with clinical signs suggestive of canine 

angiostrongylosis tested positive with the A. vasorum antigen detection test in the Small 

Animal Clinic of the Estonian University of Life Sciences. The results suggest that A. 

vasorum was either not established or not widespread in dogs in Estonia during the testing 

period. At the same time, some of the dogs were reported to have behavior that exposes them 

to the infection if the parasite is present in the intermediate or paratenic hosts. 

Based on the answers of the 42 participating veterinarians included in the study there was 

room for improvement in knowledge about A. vasorum. It is important to continue raising 

awareness about this parasite among veterinarians in Estonia. 

Based on the literature and the current situation in Estonia where spillover from the sylvatic 

cycles to domestic dogs in anticipated, there is a need for continuing research on A. vasorum 

and canine angiostrongylosis.  
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SUMMARY  
 

Domestic and wild canine parasite Angiostrongylus vasorum was reported for the first time 

in the 19th century in France. It causes canine angiostrongylosis, which according to current 

knowledge is not a zoonotic disease. This parasite has an indirect life cycle where 

intermediate hosts (snails and slugs) are essential for its development. Some dogs with A. 

vasorum infection can be asymptomatic. The clinical signs suggestive of canine 

angiostrongylosis are classically cardiorespiratory signs (e.g. cough, respiratory distress) and 

hemorrhagic diathesis. The clinical signs can be unspecific, such as weight loss, exercise 

intolerance, vomiting, and many others have been reported. For diagnosing A. vasorum 

infection several methods such as laboratory diagnostics, immune-diagnostics, molecular 

techniques, and necropsy can be used. Historically the Baermann technique have considered 

as “golden standard” for detecting A. vasorum. From a practical point of view, the antigen 

detection test is a suitable solution for quick in-clinic testing. Several treatment protocols 

with recommendations for prevention have been published. Currently at least two licensed 

anti-parasitic treatments, imidacloprid/moxidectin spot-on solution an milbemycin-oxime 

tablets, are available in Estonia. Mentioned treatments are targeted for other parasites as well 

as against A. vasorum. If the clinical signs are present symptomatic treatment may also be 

required. The control of A. vasorum spread is challenging as there are natural reservoirs, red 

foxes (Vulpes vulpes) and raccoon dogs (Nyctereutes procyonoides), and intermediate hosts 

are widely diffused throughout the country. Regular anthelmintic treatment and fecal sample 

analysis are strongly recommended everywhere, the frequency should be according to the 

local endemic situation. 

The main aim of this thesis was to contribute to the search for A. vasorum infection in 

domestic dogs in Estonia. More specifically, the first aim was to estimate the proportion of 

dogs with clinical signs suggestive to canine angiostrongylosis tested positive with A. 

vasorum antigen detection test and collect information on the potential risk behaviors for the 

infection among the tested dogs. The second aim was to obtain an overview of the current 

knowledge about A. vasorum among authorized veterinarians in Estonia. 
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In the first part of the current thesis, the forty-eight dogs with clinical signs suggestive of 

canine angiostrongylosis were included in the study and none tested positive with the A. 

vasorum antigen detection test. This may have been due to A. vasorum was not being 

widespread or not established in the testing period in domestic dogs. The second part of the 

study was based on a questionnaire survey of current knowledge about A. vasorum among 

veterinarians in Estonia. The survey was conducted in a veterinary conference 

“Veterinaarmeditsiin 2019” in 2019, in Tartu. The results showed a higher proportion of 

correct answers to the questions about parasite species and hosts compared to questions 

about vectors and diagnostic methods. The results suggest that veterinarians have knowledge 

gaps about A. vasorum and as the parasite has been reported in Estonia, future research is 

necessary. In conclusion both aims of this thesis were reached. 
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ÜLDKOKKUVÕTE  
 

Angiostrongylus vasorumi nakkuse testimine angiostrongüloosile viitavate 

kliiniliste tunnustega koertel ja uuring Eesti veterinaaride teadlikkusest 

parasiidi kohta 
 

Antud töö laiemaks eesmärgiks oli panustada Angiostrongylus vasorum nakkuse leviku 

uurimisse Eestis. Kitsamalt seati esimeseks eesmärgiks leida koerte angiostrongüloosile 

viitavate kliiniliste tunnustega koeri ning testida neid antigeeni tuvastamisel põhineva 

meetodiga A. vasorum nakkuse esinemise osas. Lisaks sellele koguda omanikelt 

informatsiooni uuringusse kaasatud koerte riskikäitumise kohta, mis soodustaks A. 

vasorumiga nakatumist juhul, kui vaheperemehed on antud parasiidi kandjateks. Teiseks 

eesmärgiks oli kaardistada Eestis tegevusluba omavate loomaarstide teadlikkus parasiidi A. 

vasorum kohta antud ajahetkel. 

Lõputöö esimene osa viidi läbi Eesti Maaülikooli väikeloomakliinikus ajavahemikul 

01.04.2019–30.11.2019. Enne uuringu algust oli kõigil kliinikus töötavatel loomaarstidel 

võimalus osaleda seminaris, kus töö autor tegi ettekande parasiit A. vasorumi ja antud 

uuringu kohta. Lisaks jagati kõikidele kliinikus töötavatele loomaarstidele temaatiline 

teavitusleht ning teavituslehed paigutati ka kliiniku koridoride infotahvlitele. Uuringusse 

kaasati koerad, kellel esinesid loomaarstide poolt tuvastatud koerte angiostrongüloosile 

viitavad kliinilised tunnused. Nõusoleku uuringus osalemiseks andsid 48 koera omanikud. 

Parasiidi tuvastamiseks kasutati koertelt antud uuringuga mitte seonduvatel põhjustel 

kogutud vereseerumi või vereplasma ülejääke. Antigeeni tuvastamise test valiti kirjeldatud 

uuringu diagnostikameetodiks. Protseduur viidi läbi vastavalt tootja juhistele. Ühtegi 

positiivset testitulemust ei tuvastatud, mille põhjal võib väita, et A. vasorum nakkust 

uuringusse kaasatud koertel kas ei esinenud või ei olnud nakkus antud hetkel tuvastatav. 

A. vasorum antigeeni tuvastamisel põhinev meetod on sobiv esmaseks testimiseks kliiniku 

tingimustes. Kuldstandardiks lõpliku diagnoosi määramisel peetakse endiselt Baermann 

meetodit, mis võrreldes eelmainituga on aja- ja töömahukam. Lisaks sellel vajab Baermanni 
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meetodi rakendamine kogenud laboranti parasiidi identifitseerimiseks morfoloogiliste 

tunnuste alusel. Kirjanduse andmetel on lõpliku diagnoosi panemiseks sobiv kasutada ka 

PCR meetodit, mille tundlikkus ja spetsiifilisus on kõrgem kui Baermann meetodil. Selle 

puudusena oli välja toodud vähest kättesaadavust kliiniku tingimustes ja ajakulu proovide 

laborisse saatmisel.  

Töö teiseks eesmärgiks oli koguda andmeid Eestis tegevusluba omavate loomaarstide 

teadlikkusest antud parasiidi kohta. Informatsiooni kogumise meetodina kasutati 

valikvastustega küsimustikku. Uuring viidi läbi veterinaarmeditsiini konverentsil 

„Veterinaarmeditsiin 2019“, kus jagati küsimustikud paberkandjal ainult veterinaararstidele 

ning paluti need täita oma hetke teadmiste alusel. Palvet uuringus osaleda korrati pidevalt 

sektsioonide koordinaatorite poolt. Uuringus osalemine oli vabatahtlik ja anonüümne. 

Kokku tagastas küsimustiku nõusolekuga vastuseid kasutada teaduslikel eesmärkidel 46 

loomaarsti. Nende seast 42, kes olid autoriseeritud töötama Eestis loomaarstina kaasati 

uuringusse. Tulemuste põhjal saab väita, et kõrgem protsent õigesti valitud vastuseid esines 

A. vasorum liigilise kuuluvuse ja peremeesorganismide küsimuste puhul. Vähem õigeid 

vastuseid valiti vektoreid ja diagnostikameetodeid puututavate küsimuste korral. Tulemusi 

võis mõjutada asjaolu, et antud teema ei puuduta otseselt produktiivloomade meditsiini, kuid 

on aktuaalne väikeloomade ja metsloomade meditsiinis. Küsimustikud jagati kõigile 

konverentsil osalenud loomaarstidele sõltumata nende valdkondlikust spetsialiseerumisest. 

Tuginedes kirjandusallikatele, teiste riikide näidetel ning hetke olukorrale Eestis, kus A. 

vasorum on tuvastatud nii rebastel kui kährikkoertel, on parasiidi levimuse ja koerte 

angiostrongüloosi seiramine Eestis oluline ja vajalik. Lisaks sellele on oluline tõsta 

veterinaararstide teadlikkust antud parasiidi diagnoosimise meetodite ja ravi osas, et 

ennetada parasiidi laiaulatuslikku levikut Eestis.  
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Appendix 1. Sheet with instructions of patient selection to veterinarians 
 

  

KAS SINU PATSIENT SOBIKS 
UURINGUSSE? 

“ANGIOSTRONGYLUS VASORUM  
LEVIMUS EESTIS” 

Tudeng: Maare Mõttus 
Juhendajad: Valentina Tiškina, DVM; Pikka Jokelainen, DVM, PhD, Adj. Prof (zoonotic 
parasitology) 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Uurimustöö valimisse kuuluvad koerad, kellelt võetakse biokeemiline 
vereproov muude terviseprobleemide uurimiseks (kasutame 

seerumi/plasma ülejääke) 
Omanikul palutakse täita lühike küsitlusleht looma kohta. 

Lisainfo: valentina.tiskina@emu.ee ja maare.mottus@emu.ee 

Köha

Koormustaluvuse 
langus 

Südame-
veresoonkonna 

haigused 

Hingamis-
elundkonna 

haigused 

Hüübivushäired

Neuroloogilised 
nähud 

Maare Mõttus, 15.03.2019 
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Appendix 2. The questionnaires  
 

The questionnaires were printed on paper. A) Questionnaire for dog owners (Oborina et al., 

2021); B) Questionnaire for Veterinary Conference 2019 (Oborina et al., 2021) (Photos by 

Maare Mõttus). 

  

A B 
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Appendix 3. The results of 48 returned questionnaires from dog owners  
 

  n Percentage 
 County, where the dog lives   

Pl
ac

e 
of

 re
sid

en
ce

 a
nd

 o
rig

in
 o

f d
og

s  
(1

.1
)  

Tartu  26 54.1% 
Põlva 5 10.4% 
Jõgeva 2 4.2% 
Ida-Virumaa 4 8.3% 
Valga 4 8.3% 
Viljandi 2 4.2% 
Võru 5 10.4% 
Outside Estonia 1 2.1% 
No answer  0 0% 
Has the dog been imported from abroad?   
Yes 12 25% 
No 35 72.9% 
I do not know 1 2.1% 
No answer 0 0% 

 Age of the dog   

A
ge

 a
nd

 se
x 

di
str

ib
ut

io
n 

 
(1

.1
.1

) 

Up to one year old 6 12.5% 
Over one year old 42 87.5% 
No answer 0 0% 
Sex of the dog   
Female 17 35.4% 
Neutered female 8 16.7% 
Male 15 31.3% 
Neutered male 7 14.6% 
No answer  1 2.1% 

 Has the dog travelled abroad?   

Tr
av

el
 

hi
sto

ry
 

(1
.1

.2
)  

Yes 12 25% 
No 36 75% 
I do not know 0 0% 
No answer 0 0% 

 When was the latest deworming of the dog?   

A
nt

he
lm

in
tic

 
tre

at
m

en
t 

(1
.1

.3
)  

Within the last month prior to admission 17 35.4% 
2-6 months ago 23 47.9% 
Over 6 months ago 7 14.6% 
Do not know 1 2.1% 
No answer  0 0% 

 Does the dog eat slugs and/or snails?    

Ea
tin

g 
in

te
rm

ed
ia

te
 a

nd
 

pa
ra

te
ni

c 
ho

sts
 o

f A
. v

as
or

um
 

(1
.1

.4
)  

Yes, I have seen it 1 2.1% 
It is possible 8 16.7% 
No, it is not possible 21 43.8% 
Do not know 18 37.5% 
No answer 0 0% 
Does the dog eat frogs?    
Yes, I have seen it 2 4.2% 
It is possible 8 16.7% 
No, it is not possible 25 52.1% 
Do not know 13 27.1% 
No answer 0 0% 

 
n = number of dog owners who marked the answer option   
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