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Dirofilaria repens is a mosquito-borne parasitic nematode primarily affecting dogs and other 

canids, but also humans as incidental infections. Clinically the disease is usually mild, but 

can warrant surgical treatment in humans. During the past two decades, it has been spreading 

and establishing endemic reservoirs in new northern areas, including the Baltic countries. Its 

population can be screened by testing either canids or mosquitoes. In this study, mosquitoes 

were collected in Southern Estonia, pooled by species and tested for the presence of 

Dirofilaria repens DNA. Collections yielded 1730 specimens representing 18 species and 

two individuals of unknown species. Mosquito species collected represented the overall 

mosquito population of Estonia fairly well. All samples came back negative, no D. repens 

DNA was found. The reason for this could be either low prevalence of the parasite in 

mosquito and canid populations, or small sample size. Further research targeted at potential 

vector species in larger quantities is warranted, as well as screening potential canid hosts. 
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Dirofilaria repens on pistesääskedega leviv parasitaarne ümaruss, mis primaarselt nakatab 

koeri ja teisi koerlasi, aga ka inimesi juhuslike infektsioonidena. Kliiniline pilt on haigusel 

enamasti leebe, aga inimeste puhul võib vajada kirurgilist ravi. Kahe viimase aastakümne 

jooksul on parasiit levinud ja asutanud endeemilisi reservuaare uutel põhjapoolsetel aladel, 

sealhulgas Balti riikides. Ta populatsiooni sõeluuringuid võib teha otsides parasiiti kas 

koerlastelt või pistesääsklastelt. Käesoleva uuringu jaoks koguti pistesääsklaseid Lõuna-

Eestist, pool’iti liigi järgi ja seejärel testiti Dirofilaria repens‘i DNA olemasolu pool’idel. 

Kogumiste käigus püüti 1730 pistesääsklast, millest kaks üksikut olid tundmata liigist ja 

ülejäänud 18’st erinevast liigist. Kogutud pistesääseliigid esindasid üldist Eesti 

sääsepopulatsiooni küllaltgi hästi. Kõik proovid osutusid negatiivseks, s.t. D. repens‘i DNA-

d ei leitud. Põhjus selleks võib olla kas parasiidi vähene levimus pistesääsklastes ja 

koerlaspopulatsioonides, või väike proovikogus. Edasiste uuringute jaoks on vaja 

potentsiaalseid siirutajaliike püüda suuremates kogustes, tarvis oleks ka koerlaste 

sõeluuringut. 

Märksõnad: Dirofilaria repens, sääskede levitatud haigused, siirutajate uuring 
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INTRODUCTION 

Dirofilaria repens Railliet & Henry is a parasitic nematode transmitted by mosquitoes (Diptera: 

Culicidae) and inhabiting mainly canids, but occasionally causing incidental infections in 

humans. A myriad of environmental changes and human activities from global warming to 

deforestation and international transit are creating opportunities for parasite and mosquito 

populations to change and spread, and studies show that D. repens has spread to new areas, that 

it would have been unable to inhabit before (Franklinos et al. 2019, Capelli et al. 2018). The 

Baltic countries have become a site of an endemic D. repens population (Deksne et al. 2021), 

but little data exists on its prevalence in either the vectors or primary hosts. 

The clinical picture of a D. repens infection is usually subclinical in dogs, and the illness can 

go altogether unnoticed unless the microfilarial larval stage comes up in a blood smear as an 

incidental finding. Humans are an accidental dead-end host and clinical picture is likewise 

usually mild or asymptomatic, but can manifest as cutaneous or ocular larva migrans symptoms. 

So far, D. repens has been concentrated on incidental findings in dogs and humans (Järvis 2012, 

Sabūnas et al. 2019, Melbarde-Gorkusa et al. 2011, Jokelainen et al. 2016), and there has been 

a few screening studies in dogs (Alsarraf et al. 2021, Stepanjana et al. 2012, Veksins et al. 

2012, Veksins et al. 2014), but research concentrating on mosquito vectors hasn’t been done 

yet. Mosquito studies have been conducted in other countries, and a number of vector 

mosquitoes have been identified. While species of many genera are able to act as vectors, some 

species have stood out as more frequent carriers than others. A compehensive study by Kirik et 

al. (2021) on the mosquito species present in Estonia provided both the material to carry out 

this kind of investigation, as well as the data to postulate which species could be relevant vectors 

in the country based on their prevalence and seasonal patterns. This information will add to an 

overall understanding of the state of D. repens and other mosquito-borne disease in Estonia. 

The aim of this study is to find evidence of the presence of D. repens in mosquitoes in Estonia, 

and shed light on the vectors and conditions relevant to the survival of an endemic D. repens 

population.  
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1. LITERATURE REVIEW 

1.1. The spread of Dirofilaria repens 

Dirofilaria repens belongs to the family Onchocercidae, genus Dirofilaria, along with at least 

40 other species (Reddy 2013). It is of particular interest among the species of Dirofilaria for 

two main reasons. It is the most common agent in human Dirofilariasis in Europe, and it is 

spreading to new, more northern areas remarkably fast (Capelli et al. 2018). The most relevant 

species in genus Dirofilaria from a medical point of view are D. repens and D. immitis, that are 

widely prevalent in domestic dog populations and well known zoonoses. Humans are not the 

primary hosts for any of these species, but at least six of them can cause incidental infections, 

i.e., D. striata, D. tenuis, D. ursi and D. spectans in addition to the earlier mentioned ones 

(Reddy 2013). Dirofilaria species are generally vectored by mosquitoes, as in the case of D. 

repens, but some species make an exception to this. For example, D. ursi, a parasite infecting 

bears, is transmitted by flies (Michalski et al. 2010). 

Concern over the northward spread of D. repens has been growing during the last decades. It 

has spread towards northern areas at a rapid pace, so much so that it has already been titled as 

endemic in the Baltic region (Deksne et al. 2021). It has spread much faster than its better-

known relative D. immitis, and arguably presents a higher zoonotic potential as well, as it 

accounts to the majority of cases of human dirofilariosis in Europe (Capelli et al. 2018). Both 

human and dog cases have been in the rise in Eastern European countries, and cases have 

sporadically emerged in more and more northern locations, like the Baltic countries and Finland 

(Deksne et al. 2021, Pietikäinen et al. 2017). 

D. repens became a relevant topic in Estonia in 2016, when the first autochthonous cases of 

canine Dirofilariasis emerged (Jokelainen et al. 2016). By the year 2019, the parasite had been 

found in all the Baltic countries (Deksne et al. 2021) as well as Finland (Pietikäinen et al. 2017). 

Climate change and pet travel are generally thought to have enabled this spread (Capelli et al. 

2018). 

D. immitis, more commonly known as heartworm, has not spread at the same rate as its cousin. 

Both of the species harbor the same mosquito vectors and primary hosts, and require the same 

temperatures for development in larval stages (Genchi et al. 2017, Capelli et al. 2018), so it 

follows that travel, climate change and the availability of vectors and hosts would create similar 

conditions for spread. Since the nature of clinical disease that the heartworm causes in humans, 

mainly nodules in lungs, is less visible than the skin nodules that D. repens causes, it’s been 
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suggested that this can partly contribute to heartworm infections staying unnoticed (Genchi et 

al. 2017). It likely doesn’t explain the difference though, since testing dogs in the Baltics has 

uncovered D. repens infections, but to date no D. immitis infections (Alsarraf et al. 2017). 

Mapping the spread of this parasite is being carried out in many regions, using various methods 

and sometimes simultaneously employing multiple strategies. Sporadic findings in dog and 

human patients are published, and often followed by more targeted detective work to find 

parasites in local dog and mosquito populations. Dog populations can be screened by molecular 

methods to find parasite DNA in blood samples (Alsarraf et al. 2021). DNA detection is 

likewise applicable with mosquitoes, at least in populations where the parasite is abundant. E.g., 

Cancrini et al. (2007) found over a percent of Ae. albopictus mosquitoes of selected Italian 

parks to be carriers. No systematic studies of Baltic mosquito populations have yet been 

conducted, and it is still unclear, how widely Dirofilaria spp. have spread, and whether they are 

abundant enough to be detected in mosquitoes. To find carrier mosquitoes, mosquitoes need to 

be collected, divided into species groups on basis of morphological examination and pooled to 

form one sample consisting of multiple mosquitoes. This makes it possible to test large numbers 

of mosquitoes at one time. Genetic markers of D. repens are then targeted by PCR methods 

(Cancrini et al. 2007).  

 

1.2. Clinical significance and treatment  

In dogs, the parasite usually presents as an asymptomatic subcutaneous infection with an adult 

worm, and its clinical significance is low (Napoli et al. 2019, Capelli et al. 2018). Clinical 

disease is rare, and cases usually go unnoticed by veterinarians (Genchi et al. 2017). Diagnosis 

is often based on microfilariae visible on a blood stain, or morphological examination of an 

adult found on a nodules or fine needle aspirates, and the species can be confirmed by PCR 

methods targeting genetic markers (Capelli et al. 2018). No serological tests are available, so 

diagnosis requires finding individuals of the parasite in the dog patients (Capelli et al. 2018). 

Carrier dogs can host a reservoir and present a risk to the humans handling them, so preventive 

measures are warranted. Moxidectin has showed up to 100% preventive efficacy against 

microfilariae in both topical and injectable form and is currently the only agent approved for 

the use (Genchi & Kramer 2017). Other macrocyclic lactones have failed against microfilariae 

(Genchi & Kramer 2017). Moxidectin is also efficient against adult forms, likely due to its 

lipophilic nature, which allows it to absorb in subcutaneous tissues rich in fat (Genchi & Kramer 

2017).  
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In humans, the usual clinical presentation is a nodule in subcutaneous tissues, but the infection 

can reach the eye and other organs such as lungs, female mammary gland, scrotum and parts of 

testicles (Antolová et al. 2015, Capelli et al. 2018, Sabūnas et al. 2019). Cutaneous larva 

migrans presentation has also been reported (Capelli et al. 2018, Antolová et al. 2015). Unlike 

in dogs, human blood vessels aren’t a usual site of infection, so diagnosis is usually based on 

clinical signs and examination of an excited parasite instead of finding microfilaraemia on a 

blood smear. As humans are an incidental host, the parasite doesn’t develop into a mature form, 

and microfilaraemia has only been reported in humans on a few incidents (Capelli et al. 2018, 

Simón et al. 2005; 2012, Sabūnas et al. 2019). Thus, treatment of the human patient 

concentrates on the adult forms and the treatment of choice is surgical removal when there is a 

clearly formed nodule or the worm inhabits ocular tissues (Antolová et al. 2015). Albendazole 

has been reported to work in stopping larva migrans (Antolová et al. 2015), and doxycycline 

has been successfully used to treat a rare microfilaraemic condition in a human patient (Lechner 

et al. 2020). 

 

1.3. Dirofilaria repens lifecycle and vector mosquitoes 

The parasite lifecycle includes a primary canid host and an intermediate mosquito host (see 

figure 1). The female releases microfilariae, which represent the first larval stadium (L1), into 

peripheral blood stream. From there, they migrate into their intermediate mosquito host during 

a boold meal. The larvae develop further inside the mosquito to L2 stage and infective L3 stage 

(Capelli et al. 2018). The parasite requires temperatures of 22-27°C for 8-20 days to complete 

its development in its mosquito host (Capelli et al. 2018). Infective L3 then travels to the 

primary host during a blood meal, where they migrate to subcutaneous tissues to mature 

(Capelli 2018). After reaching its primary host, it requires another 6-9 months to develop into 

sexual maturity and produce a new generation of microfilariae (L1) (Simón et al. 2012). The 

adult worm is a whitish color, the mature female grows up to a length of 100-170mm, and males 

stay shorter, at 48-70mm (Capelli et al. 2018).  
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Figure 1. The lifecycle of Dirofilaria repens (Centers for Diesease Control and Prevention 

2012). 

Known vector mosquitoes belong to the genera Aedes, Anopheles, Culex and Mansonia (Latrofa 

et al. 2012). The main vector species varies by geographic location, but the main genera remain 

largely the same across regions. In Russia for example, D. repens has been found in specimens 

of the genera Anopheles, Aedes and Culex (Capelli et al. 2018), and in Italy the main natural 

vectors are Aedes albopictus and Culex pipiens (Cancrini et al. 2007, Genchi et al. 2009). 

Dirofilaria spp. DNA has altogether been detected in 31 species of mosquitoes in countries in 

eastern, southern and central Europe (Șuleșco et al. 2016a, Șuleșco et al. 2016b, Shaikevich et 

al. 2019, Younes et al. 2021, Bocková et al. 2013, Bocková et al. 2015, Rudolf et al. 2014, 

Silbermayr et al. 2014, Kronefeld et al. 2014). All species detected as carriers in Europe are 

illustrated in table 1, with species found in Estonia bolded. The most abundant mosquito species 

in Estonia are also likely capable of vectoring Dirofilaria spp. (Kirik et al. 2022).  
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Table 1. Mosquitoes that have been found vectoring Dirofilaria spp. in Europe within the past 

decade. Species inhabiting Estonia are bolded. 

Species Location Reference 

Ae. aegypti European Russia Shaikevich et al. 2019 

Ae. albopictus European Russia, France Shaikevich et al. 2019, Younes et al. 

2021 

Ae. annulipes Moldova Șuleșco et al. 2016b 

Ae. behningi Moldova Șuleșco et al. 2016b 

Ae. cantans Moldova, European Russia Șuleșco et al. 2016b, Shaikevich et al. 

2019, Bogacheva et al. 2016 

Ae. cataphylla European Russia Shaikevich et al. 2019 

Ae. caspius Moldova, France Șuleșco et al. 2016b, Younes et al. 

2021 

Ae. cinereus European Russia Shaikevich et al. 2019 

Ae. communis European Russia Shaikevich et al. 2019 

Ae. excrucians European Russia Shaikevich et al. 2019 

Ae. flavescens Moldova Șuleșco et al. 2016b 

Ae. geniculatus Moldova, European Russia Șuleșco et al. 2016b, Shaikevich et al. 

2019, Bogacheva et al. 2016 

Ae. intrudens European Russia Shaikevich et al. 2019 

Ae. leucomelas European Russia Shaikevich et al. 2019 

Ae. riparius Moldova Șuleșco et al. 2016b 

Ae. sticticus Moldova Șuleșco et al. 2016b 

Ae. vexans Slovakia, Moldova, Czech 

Republic, European Russia 

Bocková et al. 2013, Bocková et al. 

2015, Șuleșco et al. 2016b, Rudolf et 

al. 2014, Shaikevich et al. 2019, 

Bogacheva et al. 2016 

An. algeriensis Austria Silbermayr et al. 2014 

An. claviger Belarus Șuleșco et al. 2016a 

An. daciae Germany Kronefeld et al. 2014 

An. maculipennis Moldova, Austria Șuleșco et al. 2016b, Silbermayr et al. 

2014 

An. messeae European Russia Shaikevich et al. 2019 

An. pseudopictus Moldova Șuleșco et al. 2016b 

Cx. modestus Moldova, European Russia Șuleșco et al. 2016b, Shaikevich et al. 

2019 

Cx. pipiens European Russia, Moldova, 

France, Belarus 

Shaikevich et al. 2019, Bogacheva et 

al. 2016, Șuleșco et al. 2016b, 

Younes et al. 2021, Șuleșco et al. 

2016a 

Culiseta annulata Moldova Șuleșco et al. 2016b 

Culiseta 

longiaerolata 

Moldova Șuleșco et al. 2016b 

Cq. richiardii European Russia, Moldova Șuleșco et al. 2019, Șuleșco et al. 

2016b 

Uranotaeonia 

unguiculata 

Moldova Șuleșco et al. 2016b 
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1.4. Dirofilaria repens in the Baltics  

The first cases of D. repens in the Baltics emerged during the years 2008-2012, and by 2013 

autochthonous canine cases had been found in all Baltic countries (table 2). 

In Lithuania, the first case of canine dirofilariosis was recorded in the year 2010, and the first 

human case came about the next year (Sabūnas et al. 2019). During the period of 2011-2018, 

altogether nine cases of human dirofilariosis were found, three with ocular presentation and six 

with subcutaneous (Sabūnas et al. 2019). Seven of these cases were found in people with no 

recent travel history, meaning that by then, D. repens had established an endemic population in 

Lithuania. During this same time window, 2280 pet and shelter dogs were tested and 2,7% of 

them tested positive for D. repens microfilaraemia (Sabūnas et al. 2019). The prevalence was 

much higher in shelter dogs than pet dogs (19% and 1,9% respectively), most likely due to 

street dogs being more exposed to mosquitoes than pet dogs (Sabūnas et al. 2019). A study 

conducted between 2017-2019, targeting mainly sled dogs, found a prevalence of 38% (Alsarraf 

et al. 2021). This number was the highest in the Baltics, and higher than in the more southern 

Poland or Belarus. Most of these positive cases were found in large sled dog kennels, where the 

owners were not previously aware of the disease (Alsarraf et al. 2021). 

In Latvia, the first human case was recorded in 2010 in a surgical practice (Melbarde-Gorkusa 

et al. 2011). The first canine cases came out as a part of a surveillance study between 2008-

2011, where a total of 4122 domestic dogs were tested by blood microscopy and KNOTT test 

for the presence of Dirofilaria spp. (Stepanjana et al. 2012). In this study D. repens and D. 

immitis were not differentiated, so numbers are not exactly comparable to those found in 

Lithuania. 3% of all tested dogs came out positive, and the prevalence rose year by year. In 

Latvia, similarly to Lithuania, prevalence was higher in dogs that spend a lot of time outside. 

The study did not include shelter or street dogs, but large breeds like Rottweilers and German 

Shepherds, that are frequently kept outdoors, were overrepresented in infections. Most 

infections were found in dogs aged 6-9 years (Stepanjana et al. 2012). Another study collected 

samples from 44 dogs and found 3 cases of D. repens, amounting to prevalence of 6,8% 

(Veksins et al. 2012). In the year 2013, Veksins et al. (2014) continues the investigation with 

dogs in animal shelters. Out of 139 blood samples analyzed with KNOTT test, 22 (15,8%) came 

out positive. This further illustrates that shelter dogs, most likely dogs with a past of living 

outdoors, are a risk group. The 2021 study by Alsarraf et al. found that sled dogs in Latvia had 

a lower prevalence than the ones in Lithuania. 
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In Estonia, the first report of a canine carrier came out in 2012. No molecular methods were 

used in the identification of the specimen, but it was identified by morphological characteristics 

(Järvis 2012). The publication did not include any travel history of the dog, so it cannot be said, 

whether the infection was of local origin. The first definitively autochthonous cases came out 

in clinical practice in the years 2013 and 2014, when microfilaraemia was detected in three dogs 

and the species was determined by molecular method. One of these findings was incidental, the 

other two were examined because of a nodule caused by the parasite (Jokelainen et al. 2016). 

In 2017-2019, Estonia was a part of the study conducted on sled dogs and pet dogs in the Baltics, 

where no autochthonous cases were found. Only one positive dog was found, but this case was 

likely an imported one, as dog had been recently brought from Lithuania (Alsarraf et al. 2021). 

So far, these five cases are the only ones reported in Estonia, making up in total three 

autochthonous, one likely imported case and one case of unknown origin.  

 

Table 2. First recorded cases of dirofilariosis in the Baltic countries. 

 Estonia Latvia Lithuania 

First canine case 2012 (Dirofilaria 

repens) 

(Järvis 2012) 

2008 (Dirofilaria spp.) 

(Stepanjana et al. 2012) 

2010 

(Sabūnas et al. 2019) 

 

First human case n/a 2010 

(Melbarde-Gorkusa et al. 

2011) 

 

2011 

(Sabūnas et al. 2019) 

First 

autochthonous 

canine case 

2013 

(Jokelainen et al. 

2016) 

2008 (Dirofilaria spp.) 

(Stepanjana et al. 2012) 

2011 

(Sabūnas et al. 2019) 

First 

autochthonous 

human case 

n/a 2010 

(Melbarde-Gorkusa et al. 

2011) 

 

2011 

(Sabūnas et al. 2019) 
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1.5. Factors behind the northward spread 

1.5.1. Climate change 

In order to become endemic in a new environment, a parasite like Dirofilaria requires suitable 

environmental conditions, available vectors and a population of hosts to establish a reservoir.  

The number one limiting environmental factor in northern countries has thus far been cold 

summer temperatures. Since a part of the parasite’s lifecycle can only be completed in cold-

blooded mosquitoes, the process is dependent on environmental temperature (Capelli et al. 

2018).  

The minimal threshold of growing temperature is 14°C, below that development will seize 

(Genchi et al. 2009). To reach infectivity and maximum life expectancy in a mosquito vector, 

the larvae require 130 of these growing degree days (Genchi et al. 2009), but in higher 

temperatures the development can also be faster (Vezzani et al. 2006). This effect has shortened 

the larval stage development and lengthened the transmission season (Genchi et al. 2020). 

Parasite lifecycle, though, is not the only factor affected by climate change, as also vectors are 

dependent on their environment. Rising temperatures enable mosquitoes to spread to new areas 

and have resulted in increase of abundance in mosquito populations (Capelli et al. 2018, Genchi 

et al. 2011, Genchi et al. 2020). On top of these more direct effects, climate change also 

manipulates the ecology of host populations and human activities from land use to migration 

(Semenza & Suk 2018), all potentially driving parasite and vector populations in ways that are 

hard to predict. 

 

1.5.2. Globalization, international transport, and pet travel 

Although rising temperatures have created favorable conditions for Dirofilaria spp. to live in 

new areas, the main driver of global spread of diseases, parasites and parasite vectors is human 

activities related to globalized transport systems (Semenza & Suk 2018).  

Traveling is a great contributor in spread of infectious disease to new areas. Vehicles and planes 

allow parasites to travel hundreds of kilometers within just one generation, and if the conditions 

in the new environment allow them to survive, a new population can develop. The example of 

the D. repens positive sled dog imported from Lithuania to Estonia shows how quickly a 

parasite can make its way to a new area in only one or a few generations (Alsarraf et al. 2021).  
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Mosquitoes as free-living animals don’t travel with hosts, but they can use transported goods 

as a means of spread, as Aedes albopictus did in Italy in the beginning of the 2000s (Semenza 

& Suk 2018). The mosquito was supposedly able to reproduce in transported car tires and 

survive in its new environment in Italy. 

 

1.5.3. Host availability 

Establishing a stable parasite population in a new area is dependent on the availability of host 

animals. The parasite’s principal host animals, canids, are readily available in the Baltics, and 

as the D. repens rarely reaches its mature form in humans, humans can’t be considered a 

reservoir (Capelli et al. 2018). 

Clear risk groups can be differentiated in regard to dirofilariosis. High infection rates have been 

found in dogs that spend a lot of time outside and live in populations of high animal density, 

namely shelter dogs, yard dogs and sled dogs (Veksins et al. 2014, Stepanjana et al. 2012, 

Alsarraf et al. 2021). Time spent outside leaves the animals exposed to more mosquito bites 

and high animal density is known to facilitate the spread of infectious disease. Individual risk 

factors across the board are age over 6 years and especially male sex (Veksins et al. 2014, 

Alsarraf et al. 2021). The correlation of older age with infection rates can be explained by a 

longer period of being exposed to mosquito bites as well as the long maturation period required 

before microfilaria become detectable (Alsarraf et al. 2021). 

When it comes to working dogs, lack of awareness can be a contributing factor to establishing 

a reservoir (Alsarraf et al. 2021). The subclinical nature of infection possibly helps the parasite 

hide in plain sight and establish a wide reservoir in asymptomatic dogs (Capelli et al. 2018), 

and although in highly affected dog populations clinical signs do occur, they might not be 

attributed to D. repens namely due to lack of awareness (Alsarraf et al. 2021). In the Lithuanian 

sled dog kennels with the highest infection rates, the parasite had successfully established a 

hotspot without alarming the owner. Even in the presence of awareness, antiparasitic treatment 

is not successful in completely eliminating the infection, although it does reduce numbers 

(Alsarraf et al. 2021). In other words, when D. repens has established a reservoir in a population 

of dogs, it’s nearly impossible to get rid of it. It’s crucial for the parasite to stay under radar for 

long enough time to enable spread to other hosts. Since reaching maturity in the host takes 6-9 

months, in the Baltic climate the host will usually not be infective before the next mosquito 
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season (Simón et al. 2012, Jokelainen et al. 2016). On the other hand, the mature adults live 

and produce microfilariae for years (Simón et al. 2012). 

The role of wildlife in the parasite’s ecology is still unclear due to lack of data (Genchi et al. 

2020). 

 

1.5.4. Lack of awareness and control methods 

It’s possible that the prevalence of D. repens is underestimated due to it being new and unknown 

to veterinarians in the Baltics (Jokelainen et al. 2016). There is no routine testing or 

prophylactic methods in use. Despite that, awareness is rising as the parasite spreads. A 

questionnaire conducted in the Baltic and Nordic countries revealed, that only 26% of practicing 

veterinarians were aware that D. repens can infect both dogs and humans, while the majority 

thought the disease was not zoonotic (Tiškina & Jokelainen 2017). In another questionnaire 

conducted two years later in Finland, 88% of Finnish veterinarians were aware of D. repens as 

a disease of dogs, but only around 60% of them were aware that D. repens can also infect 

humans (Mikola et al. 2019). Dog owners and the general public are likely less aware than 

medical professionals. The owners of the biggest hotspots found in Lithuania, two large sled 

dog kennels, had never heard of the parasite prior to the study (Alsarraf et al. 2012).  

In the Baltics, no routine prophylactic treatment is used for D. repens (Jokelainen et al. 2016). 

Macrocyclic lactones moxidectin and ivermectin have been successfully used as prophylaxis, 

but only moxidectin has shown efficacy against microfilariae as well (Genchi et al. 2017). A 

six-month long course of treatment with moxidectin has shown efficacy against adult stages 

(Petry et al. 2015). The higher efficacy of moxidectin might be explained by its lipophilic 

nature, that allows it to be distributed in the body for a longer period and reach subcutaneous 

tissues rich in fat (Genchi et al. 2017). 
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2. MATERIALS AND METHODS 

2.1. Collection and classification of mosquitoes 

Mosquitoes used in this study were collected from Leoski, Võrumaa, Estonia 57°42'N 27°8'E  

and Undi, Tartumaa, Estonia 58°29'N 26°54'E (figure 2) between May and September of 2016. 

Both collecting sites were in the underwood near to a local barnhouse, surrounded by 

monoculture fields and patches of forest. Domestic dogs were present in both locations, also 

raccoons and foxes confirmed in Undi. Mosquito Magnet Independence (Woodstream Corp. 

Littz, PA, USA) machines were used in collection, one machine per collection site. Collections 

were done in Undi on 28.-29.5., 24.-25.6., 26.-27.7., 30.-31.8., and 30.-31.9.2016, and machines 

ran 24h at a time. In Leoski, machines ran for 48h at a time, and collections took place on 19.-

21.5., 20.-22.6., 22.-24.7., 20.-22.8., 18.-20.9.2017.  

The collections took place in the years 2016 and 2017, and the samples were tested in three 

patches during the years 2016, 2018 and 2019. The specimens were divided into pooled samples 

according to pooling scheme described earlier, and yielded 17 pools of 100 mosquitoes and 1 

pool of 30. Pools 1-100 to 1201-1300 included mosquitoes collected in Undi, and mosquitoes 

from Leoski made up pools 1301-1400 to 1701-1730. 

 

Figure 2. Map showing the collection sites. Map of Estonia: Estonian Land Board, 2022. 
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After collection, the mosquitoes were stored at –20*C. Their species had been morphologically 

determined by H. Kirik under a stereomicroscope Olympus SZ61 (Olympus Corporation, 

Shinjuku, Tokyo, Japan) using a standard taxonomic key (Becker et al. 2010). 

 

2.2. Pooling of the samples and DNA extraction 

To make DNA extraction feasible for a large number of specimens, the samples were pooled. 

The aim was to enable DNA extraction from a large quantity of mosquitoes at once. Mosquitoes 

were subjected to DNA extraction in batches of hundred. However, if any of these batches 

would yield a positive result, we would want to detect, which species was the carrier. To enable 

this, we formed pools of hundred out of smaller pools divided by species. 

Specimens were first divided into pools of five according to their respective species, crushed 

and mixed with 800μL of Milli-q water. Some specimens were left over, and there was for 

example only 4 of them left. In these cases we formed the pool of five out of five individually 

pooled samples. 

Pools of five specimens were subsequently united to form a pool of 10 by adding 250μL of 

homogenized material from each pool of five into a tube. 

Pools of 10 were then united to form pools of hundred by taking 50μL of material from ten 

pools of ten mosquitoes. 

DNA extraction was initially performed on pools of hundred. Pools of five and individual pools 

were stored for later use. Had one of these samples produced a positive result, the species of 

the carrier mosquito could have been determined by testing the pools of five that the pool of 

hundred consisted of. The process is illustrated in table 3. 

The study included 1730 individual mosquitoes, therefore 17 pools of hundred mosquitoes and 

one pool of 30 mosquitoes. 

 

  



18 

 

Table  3. Pooling scheme of an example pool 401-500. This pool contained specimens of four 

species. Had this pool yielded a positive result, pools of 5 and pools of 1 would have been tested 

to find, which species was the carrier. 

Pools 

of 1 
Species 

Pools 

of 5 
Species   Pools 

of 10 
Species  

 

    D81 Ae. communis   D81-82 

Ae. communis,  

Ae. excrucians 

D82a Ae. communis D82 Ae. communis           

D82b Ae. communis   Ae. excrucians           

D82c Ae. communis                 

D82d Ae. communis                 

D82e Ae. excrucians                 

    D83 Ae. excrucians   D83-84 

Ae. excrucians,  

Ae. cinereus/geminus 

    D84 Ae. cinereus/geminus         

    D85 Ae. cinereus/geminus D85-86 

Ae. cinereus/geminus,  

Ae. punctor 

    D86 Ae. punctor           

    D87 Ae. punctor   D87-88 Ae. punctor   

    D88 Ae. punctor           

    D89 Ae. punctor   D89-90 Ae. punctor   

    D90 Ae. punctor           

    D91 Ae. punctor   D91-92 Ae. punctor   

    D92 Ae. punctor           

    D93 Ae. punctor   D93-93 Ae. punctor   

    D94 Ae. punctor           

    D95 Ae. punctor   D95-96 Ae. punctor   

    D96 Ae. punctor           

    D97 Ae. punctor   D97-98 Ae. punctor   

    D98 Ae. punctor           

    D99 Ae. punctor   D99-100 Ae. punctor   

    D100 Ae. punctor           

             

TOTAL: 100-specimen pool number 401-500, containing species Ae. communis, 

Ae. excrucians, Ae. Cinereus/geminus, Ae. punctor   

 

DNA was extracted from each pool of hundred using QIAamp DNA Kit (Qiagen, Venlo, The 

Netherlands) according to the manufacturer’s protocol. 
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2.3. PCR and sequence analysis 

Previously published primers targeting the 12S rRNA gene (forward primer 5’-

CATTTTAATTTTTAACTCTATTT-3’ and reverse primer 5’- 

GATGGTTTGTACCACTTTAT-3’) and cytochrome c oxidase I (COX1) gene (forward primer 

5’-GCTTTGTCTTTTTGGTTTACTTTT-3’ and reverse primer 5’- 

TCAAACCTCCAATAGTAAAAAGAA-3’) (Suzuki et al. 2015) were used in PCR 

amplification. Reaction mixture contained 2 μl of DNA sample, 4 μl of FIREPol DNA 

Polymerase (Solis BioDyne, Tartu, Estonia), 1 μl of both forward and reverse primer and 12 μl 

of Milli-q water. The program for amplification for 12S primer was as follows: (1) initiation 

5min at 94°C, (2) 35 cycles of denaturation for 30sec at 94°C, annealing for 30sec at 60°C and 

elongation for 1min at 72°C, (3) final elongation for 5min at 72°C. The parameters for COX1 

PCR were otherwise the same, but annealing was done in temperature of 54°C. An isolate of 

D. repens, adult nematode collected from an asymptomatic patient in the university small 

animal clinic, was used as the positive control sample. The PCR program was optimized using 

these positive samples prior to testing mosquito samples (img x.). 

Results were visualized on 0,8% agarose gel electrophoresis in conditions of 120V, 70A, 

40min. 3,5 µL of DNA ladder GeneRuler 100 bp DNA Ladder, ready-to-use (Thermo Fisher 

Scientific Inc., Waltham, MA, USA) was used for reference (figure 2). PCR products of positive 

control samples are visible on image X. The size of the lowest visible ladder bar is 500 bp. The 

size of 12S PCR product is around 500bp, that of COX1 is around 800bp. 
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Figure 3. GeneRuler 100 bp DNA marker for comparing the PCR products on the agarose 

gel. 
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3. RESULTS 

A total of 1730 specimens were included in the study, representing 18 different species and a 

few individuals whose species couldn’t be identified morphologically (table 4). Although fewer 

and shorter collections were run in Undi, the mosquitoes gathered from this site contributed 

75% of all specimens collected.  

Table 4. Species represented in the study. 

Species Undi 2016 Leoski 2017 TOTAL % 

Ae. annulipes 53 15 68 3,9 

Ae. cantans 1  1 0,1 

Ae. cataphylla 435 97 532 30,8 

Ae. cinereus/geminus 189 19 208 12,0 

Ae. claviger 34 2 36 2,1 

Ae. communis 100 152 252 14,6 

Ae. excrucians 10  10 0,6 

Ae. flavescens 33  33 1,9 

Ae. intrudens 5 1 6 0,3 

Ae. leucomelas 6  6 0,3 

Ae. pullatus* 3  3 0,2 

Ae. punctor 194 28 222 12,8 

Ae. rusticus 20  20 1,2 

Ae. sticticus 2  2 0,1 

Ae. vexans 51  51 2,9 

Coquillettidia richiardii 1 74 75 4,3 

Culex pipiens/torrentium 160 7 167 9,7 

Culex terreitans 1  1 0,1 

Unclassified species 2 35 37 2,1 

TOTAL 1300 430 1730 100,0 

*Possible misidentification, for more information see Kirik et al. 2022. 

DNA primers for both genes 12S and COX1 were first tested with a positive control sample 

using the PCR protocol described earlier, and each yielded positive results (figure 4). 
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The first 400 specimens, constituting pools 1-100 to 301-400, underwent the same tested PCR 

protocol. All pools came out negative for each gene, and for COX1 gene, the positive sample 

also yielded a negative result (figure 5). 

Pools 401-500 to 1201-1300 also yielded negative results, and this result was more reliable, as 

the positive control sample came out positive (figure 6). 

Pools 1301-1400 to 1701-1730 likewise yielded negative results (figure 7). 

 

 

Figure 4. PCR results of positive control sample. All positive samples yielded a positive 

result. 

 

 

 

 

Figure 5. Results of pools 1-100 to 301-400. Positive control tested for 12S failed to yield a 

result. 

  

1. 12s positive sample 

2. 12s positive sample 

3. 12s negative control 

4. COX1 positive sample 

5. COX1 positive sample 

6. COX1 negative control 

 

1. Pool 1-100 COX1 

2. Pool 101-200 COX1 

3. Pool 201-300 COX1 

4. Pool 301-400 COX1 

5. Positive control COX1 

6. Pool 1-100 12S 

7. Pool 101-200 12S 

8. Pool 201-300 12S 

9. Pool 301-400 12S 

10. Positive control 12S 
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Figure 6. Results for pools 401-500 to 1201-1300. 

 

 

 

 

Figure 7. Results for pools 1301-1400 to 1701-1730. 

  

1. Pool 401-500 COX1 

2. Pool 501-600 COX1 

3. Pool 601-700 COX1 

4. Pool 701-800 COX1 

5. Pool 801-900 COX1 

6. Pool 901-1000 COX1 

7. Pool 1001-1100 COX1 

8. Pool 1101-1200 COX1 

9. Pool 1201-1300 COX1 

10. Positive control COX1 

11. Negative control COX1 

 

12. Pool 401-500 12S 

13. Pool 501-600 12S 

14. Pool 601-700 12S 

15. Pool 701-800 12S 

16. Pool 801-900 12S 

17. Pool 901-1000 12S 

18. Pool 1001-1100 12S 

19. Pool 1101-1200 12S 

20. Pool 1201-1300 12S 

21. Positive control 12S 

22. Negative control 12S 

1. Pool 1301-1400 COX1 

2. Pool 1401-1500 COX1 

3. Pool 1501-1600 COX1 

4. Pool 1601-1700 COX1 

5. Pool 1701-1730 COX1 

6. Positive control COX1 

7. Negative control COX1 

 

1. Pool 1301-1400 12S 

2. Pool 1401-1500 12S 

3. Pool 1501-1600 12S 

4. Pool 1601-1700 12S 

5. Pool 1701-1730 12S 

6. Positive control 12S 

7. Negative control 12S 
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4. DISCUSSION 

Around 1700 mosquitoes were pooled and tested for the presence of D. repens genes, and all 

samples came out negative. The most dominant mosquito species was Ae. cataphylla (31%), 

followed by Ae. communis (15%), Ae. punctor (13%), Ae. cinereus/geminus (12%) and Cx. 

pipiens/torrentium (10%). There was high diversity among the collected mosquites, and many 

of these species are potential vectors for D. repens. The species distribution of the collected 

mosquitoes is not far from the reality of Estonian mosquito populations. The most common 

mosquito in Estonia is Ae. communis, followed by Ae. punctor and Ae. cataphylla and 

mosquitoes of Annulipes group (Kirik et al. 2022), while in our results Ae. cataphylla was the 

most abundant, followed by Ae. communis and Ae. punctor. The Annulipes group comprises 

the species Ae. annulipes, Ae. cantans, Ae. excrucians, Ae. flavescens, and Ae. riparius, all of 

whom are likely present in Estonia (Kirik et al. 2022).  

These results indicate, that there are mosquitoes capable of vectoring D. repens in Southern 

Estonia, although no positive samples have been found as of now. This could be either because 

of low prevalence of D. repens in local canid populations, or because of the small sample size 

of mosquitoes used in this study. If there were positive mosquitoes in these locations at the time 

of collection, the number of specimens collected might not have been enough to find them. In 

comparison, there was a study in Germany, where only one single carrier mosquito was found 

amongthe 17000 mosquitoes that were pooled and tested (Kronefeld et al. 2014). Although 

small, the sample was representative of the most dominant species found in the country, and 

indicates that these species exist in environments with an ecology that would allow for D. 

repens to establish a reservoir.  

In Europe, at least 31 species have been identified as vectors of Dirofilaria spp. (Șuleșco et al. 

2016a, Șuleșco et al. 2016b, Shaikevich et al. 2019, Younes et al. 2021, Bocková et al. 2013, 

Bocková et al. 2015, Rudolf et al. 2014, Silbermayr et al. 2014, Kronefeld et al. 2014). Most 

of these species have been also collected in Estonia (bolded in table 1), and some additional 

ones are likely present, although not yet encountered (Kirik et al. 2022). In determining, which 

of these potential vector species could be the most relevant in Estonia, it is important to take 

into account both seasonal and ecological patterns. 

As D. repens requires 8-20 days of temperatures around 22-27°C to complete its intermediate 

development (Capelli et al. 2018), mosquito species active in the middle of the summer could 

be suitable hosts. The hottest months of summer don’t coincide with peak population of any 
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mosquito, but the most common mosquito species are present throughout the entire summer 

(Kirik et al. 2022).  

Mosquito species residing close to human habitation are more relevant for public health than 

species residing far from human centers. Notably, Cx. pipiens and Cx. torrentium, two species 

difficult to distinguish morphologically from each other, have been found as dominant species 

in the Southern Estonian town of Tartu (Kirik et al. 2021). This affinity to human habitation 

could make them a potential source of infection in humans. Cx. pipiens has frequently been 

connected to mosquito-borne viruses in Europe (Brugman et al. 2018, Brugueras et al. 2020) 

which further adds to its epidemiological importance in human health. However, the group of 

domestic dogs that have the biggest risk of becoming infected with D. repens are dogs living 

outside, usually dogs residing in the countryside rather than in cities. Thus, vector species that 

can be found in both city and countryside environments are likely epidemiologically most 

relevant in terms of infections in human and veterinary patients. In order to establish a reservoir, 

available host populations must coincide with vector species, and in the case of D. repens this 

would mean carnivores spending the most time outside and exposed to mosquitoes, that is, 

outside-dwelling dogs and wild carnivores. D. repens populations circulating between 

mosquitoes and wild canids in forest environments are less readily visible to public health, but 

capable of establishing stable reservoirs that act as a source of sporadic infections and further 

spread.  

Out of the four most common groups of mosquitoes in Estonia, only Ae. punctor hasn’t yet 

been associated with a Dirofilaria spp. finding. Most of these species could be potential vectors 

in the region, and should be considered as relevant from the point of view of future research 

because of their abundance. All of the most dominant species peak in population during spring 

months, but are found throughout the summer and fall months in smaller numbers (Kirik et al. 

2022). The species most frequently associated with Dirofilaria spp. in Europe are Cx. pipiens 

and Ae. vexans (Shaikevich et al. 2019, Șuleșco et al. 2016b, Younes et al. 2021, Șuleșco et al. 

2016a, Bocková et al. 2013, Bocková et al. 2015, Rudolf et al. 2014). Both of these species are 

present in Estonia in small numbers and their seasonal pattern tends towards the fall, Cx. pipiens 

population peaking in September and Ae. vexans being the most numerous in August (Kirik et 

al. 2022). The peak of Ae. vexans population could coincide with the warmest temperatures of 

the year, making it a candidate for D. repens to complete its intermediate development stages.  

Considering factors of population size, vector status in previous research, and seasonal patterns, 

the most relevant potential vectors of D. repens in Estonia could be Ae. communis, Ae. 
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cataphylla, Ae. punctor, Cx. pipiens and Ae. vexans. For research targeted towards finding 

evidence of D. repens in Estonia, collections could be run in May, August and September to 

target these species. Collection sites should also be chosen in areas where canid hosts are readily 

available, i.e. areas with abundant wild canids or dog kennels. The primary limiting factor to 

this kind of research is the labor- and skill-intense process of morphological species 

identification. 

For a well-rounded understanding of the epidemiological situation of D. repens, research on 

primary hosts must continue as well. Research such as in Lithuania (Alsarraf et al. 2021) has 

yet to be conducted in other Baltic and Nordic countries, but incidental findings in veterinary 

clinics have been reported (Jokelainen et al. 2016). Both targeted screening and study of 

incidental findings provide valuable information on the epidemiological status. Growing 

awareness of veterinary professionals cannot be understated, as it will play a key role in 

identifying cases in clinical practice. 
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5. CONCLUSIONS  

In this study, no evidence of Dirofilaria repens DNA was found in mosquitoes collected in tow 

collection sites in Southern Estonia. Mosquito species identified as vectors in other European 

countries were found. The method of collecting mosquitoes in intervals of 24-48 hours using 

Mosquito Magnet Independence was efficient in producing mosquito samples representative of 

the listed Estonian mosquito species. Further research targeted at potential vectors in sites of 

abundant canid populations is warranted, as well as continuous screening of domestic dogs and 

reports of incidental findings in veterinary patients. 
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