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Vector-borne diseases are one of  the main causes of  morbidity and mortality in small 
animals in Europe. Many of  these diseases are well-known among veterinary practitioners 
and some of  them are called emerging diseases as prevalence, temporal and spatial 
distribution seem to increase in Europe. The number of  newly recognized pathogens, 
transmitted by a variety of  arthropod vectors, that are relevant for dogs and cats, is also 
increasing every year. The prevalence among infected vectors and hosts is a hot topic 
in veterinary science throughout the entire continent, as well as the development of  
efficient diagnostic procedures, therapy and prophylactic measures. Companion animal 
vector-borne diseases comprise a large group of  pathogens including viruses, bacteria, 
protozoa and helminths. These pathogens are mainly transmitted by bloodsucking 
arthropods (ticks, fleas, mosquitos, sand flies), and more seldom by direct transmission 
between vertebrate hosts. Vector prevalence and activity is influenced by local climate 
conditions, host species density, changes in landscape and land use. Human parameters 
such as poverty and migration affect the use of  prophylactic measures against pathogen 
transmission and infection as well as increasing the zoonotic risk to introducing 
pathogens by infected humans. Small animal associated factors such as pet trade and 
pet travel spread infection and certain vectors such as ticks and fleas. All these factors 
pose several complex and significant challenges for veterinarians in clinical practice to 
decide on efficient laboratory work-up and constructive diagnostic procedures.

Key words: canine babesiosis, diagnostic procedures, dirofilariosis, leishmaniosis, tick-
borne encephalitis

INTRODUCTION

Pet ownership in Europe, in 2018, was estimated to include 80 million households 
with a minimum of  one pet. More than 85 million dogs and 104 million cats are mainly 
living under supervision and are the responsibility of  humans that take care of  disease 
prophylaxis and therapy, requesting veterinary recommendations and support [1]. 
Those prophylactic measures are the top business volume in small animal veterinary 
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medicine and include antiparasitic drugs and vaccines, thus underlining the importance 
of  infectious diseases [2]. In humans, vector-borne diseases (VBDs) represent more 
than 17% of  all known infectious diseases [3]. In dogs, the infection risk for tick-borne 
pathogens has been calculated as 54% per year leading to the assumption, that vector-
borne diseases are even more important in pet animals compared to humans [4].  
Many global processes are thought to affect vector-borne disease dynamics in men and 
animals. These factors include land-use and change of  vegetation influencing vector 
population, as well as complex socioeconomics [5]. Current climate changes influence 
regional vector introduction, vector shift to higher latitudes and altitudes and extended 
annual periods of  vector activities [6]. Human poverty influences the number and 
species of  pet animals like abandoned animals lead to an increased number of  stray 
dogs and cats. These free roaming animals represent a high-risk population for VBDs 
because of  their permanent exposure to vectors and the lack of  prophylactic measures 
[7]. The expenses spent on animal care (general veterinary supply, prophylactic measures 
such as antiparasitic procedures, vaccination), could drop as financial resources of  pet 
owners decrease. The opportunities to travel and to take pet animals along could have 
a major influence on the distribution and occurrence of  vector-borne diseases [8]. 
Diagnostic procedures in VBDs are variable and are based on the veterinarian’s 
experience and education, and financial limitations of  pet owners. Starting with a 
comprehensive patient history, including animal origin and possible travel history, 
prophylactic measures (vaccinations, endo- and ectoparasite control), outdoor access 
(especially in cats) and other lifestyle and environmental conditions, as well as specific 
parameters such as age, gender and breed, is necessarily important to bring clinical signs 
in line with efficient and target oriented diagnostic procedures. Clinical examinations 
will usually display unspecific acute clinical signs such as fever, shifting lameness and 
myalgia, lymphadenomegaly and splenomegaly, whereas more chronically progressed 
diseased patients present with recurrent fever, weight loss, exercise intolerance and pale 
mucosals. Initial hematological work-up commonly gives results such as hemolytic, 
regenerative or hypo-regenerative anemia, thrombocytopenia, elevated total protein 
and proteinuria depending on the phase and time course of  the disease [8]. Combining 
further laboratory work-up efficiently with additional information from the patient’s 
history might help to identify one or more disease-causing pathogens or its resulting 
organ manifestations, which then should lead to curing or symptom relieving therapy. 
As some of  these infections are considered an emerging zoonosis, identification and 
treatment of  infected animals is an important contribution to a one-health perspective 
(Table 1).
This review displays efficient common diagnostic procedures in major VBDs in cats 
and dogs, as well as possible additional information and parameters that could help to 
choose efficient laboratory work-up to set the right diagnosis (Table 2). The focus is 
on the situation of  five selected pathogens (Babesia canis, Dirofilaria immitis, Dirofilaria 
repens, Leishmania infantum, and the tick-borne encephalitis virus) in central and 
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southeastern Europe, where the re-occurrence and fast spatial dispersion of  vectors 
and these pathogens has been documented in recent years. The number of  cases of  
these selected vector-borne diseases is increasing in Europe, too [9]. Treatment options 
are not reviewed in this paper and should be gleaned in current scientific reviews and 
textbooks.

Table 1. Vector-borne pathogens, canine and feline incidence, pathogenicity, and its zoonotic 
potential in central and southeastern Europe

Pathogen/group Vector
Canine disease 

incidence / 
pathogenicity 

Feline disease 
incidence / 

pathogenicity

Human disease 
incidence / 

pathogenicity

Dirofilaria immitis /
helminths mosquitos high / high low / moderate low / moderate

Dirofilaria repens / 
helminths mosquitos high/ low low / low low/ moderate

B. canis / protozoa hard tick 
Ixodes ricinus high / high no no

TBE-virus / 
Flavivirus

hard tick 
Ixodes ricinus, 
Dermacentor 
reticulatus

low / high no moderate / high

Leishmania infantum / 
protozoa

sand fly 
Phlebotominae high / high low / moderate moderate / high

Anaplasma spp. / 
bacteria hard ticks moderate / low low /low low / low

Ehrlichia canis / 
bacteria

hard tick 
Rhipicephalus 
sanguineus

moderate / high no no

Hepatozoon spp. / 
protozoa

hard tick 
Rhipicephalus 
sanguineus

moderate / low low /low no

Hemoplasma spp. / 
bacteria fleas low / moderate moderate / high no

Borrelia burgdorferi 
sensu lato / bacteria hard ticks low / low no high / moderate

Thelazia callipaeda / 
helminths fruit flies low / low low / low low / low

Bartonella spp. / 
bacteria fleas low /  moderate low / low moderate / high

Dipylidium caninum / 
helminth fleas moderate / low low / low low / low
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Table 2. Major canine and feline VBDs and main diagnostic tests

Pathogen  disease Antigen test PCR Antibody test Additional helpful 
test

Dirofilaria immitis
Heartworm disease

yes – female adult 
protein yes

exposure 
screening test 
only in cats

heart ultrasound

Dirofilaria repens
skinworm
disease

No yes no ultrasound

B. canis
canine babesiosis

blood smear 
microscopy;

intra-erythrocytes 
yes

yes, 
seroconversion 
or titer increase

hematology, blood 
chemistry
urine analysis

TBE-virus tick-
borne encephalitis No yes, but in vivo 

mostly negative

yes, 
seroconversion 
or titer increase

cerebrospinal fluid 
analysis
necropsy – virus 
detection

Leishmania infantum 
leishmaniosis

histology, 
cytology; intra-
macrophagic

yes
yes 

exposure 
screening

hematology, blood 
chemistry
urine analysis

Canine babesiosis

Canine babesiosis is a seasonal disease in Europe caused by Babesia canis in central and 
Eastern Europe, and Babesia vogeli in the Mediterranean area. The spatial and temporal 
distribution of  canine cases is based on the endemic occurrence of  the vector, which 
is Dermacentor reticulatus for B. canis and Rhipicephalus sanguineus for B. vogeli. Only adult 
D. reticulatus parasitize on dogs, whereas larvae and nymphs usually attach to small 
rodents. The small protozoan parasite, Babesia gibsoni, is reported in southern and 
Eastern Europe and it is transmitted mostly by R. sanguineus. Nowadays, it is broadly 
accepted that these small babesia might also be transmitted directly between hosts due 
to dog bite injuries, thus leading to unexpected cases, even in regions where the vector 
is not endemic [10].
The autochthonous distribution of  B. canis is documented from the Iberian Peninsula 
to France in the west, and from Norway to Russia in the northern part of  Europe [11]. 
In central Europe, it seems that this pathogen was introduced in the 1980s and 1990s 
by dogs imported from southern and eastern European countries [12,13].  After the 
break down of  the Iron Curtain in 1989, the Austrian-Hungarian border was open 
for traffic and many hunters and their associated dogs frequently entered endemic 
areas for canine babesiosis in Hungary. In 2008, Leschnik et al. (2008) considered this 
disease to be endemic in large areas of  Austria; 50% of  cases were imported from 
Hungary and 50% were already autochthonous [14].
In southeastern Europe, the distribution of  B. canis partially overlaps with B. vogeli, 
although B. canis is responsible for the majority of  canine cases [15-17].  Similar to 
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Austria, also in Serbia, canine babesiosis was a sporadic infection 30-40 years ago, and 
it was detected only in hunting dogs and dogs after vacation in an endemic area [18].  
Nowadays, this disease is frequently diagnosed, which has led to the assumption that 
the pathogen, as well as the vector, is broadly distributed and endemic in large areas 
all over Europe [14,19]. 
Particularly in these canine cases, where B. canis is the underlying pathogen, a typical 
seasonal pattern of  occurrence in Europe is observed, which is assumed to be caused 
by the tick’s activity due to local climate conditions. Dermacentor spp. is well known 
to tolerate low temperatures, although warm and humid conditions are preferred for 
the development and reproduction. These seasonal patterns differ between certain 
locations all over Europe. They have been described, in particular, for Hungary, 
Serbia, Poland and Austria [14,19-21]. Air temperature, relative humidity, atmospheric 
pressure and cloud cover mainly influence the activity of   D. reticulatus  [14,19]. Other 
known factors that impact on vector activity include the length of  day and the daily soil 
temperature in the morning [22,23]. A large variety of  scientific reports document the 
current and ongoing local and global changes of  climate. Even long-term relationships 
between the occurrence of  canine babesiosis and meteorological parameters could 
be observed. Climate conditions, several months before the occurrence of  pathogen 
transmission to dogs, influence infected vector density, as well as development and 
survival of  ticks. Because of  global climate change, delayed winter climate conditions 
and early defrosting of  soil and vegetation in the first weeks of  a year activate this 
tick population, which results, thereafter, in direct effects on the number of  clinical 
cases [24]. This leads to unexpected cases in dogs during the winter season, making 
current and quite recent climate observations more valuable when diagnosing canine 
babesiosis [20,24]. Another fact, based on changing climate, is a possible increase 
in the rodent population when winters become less cold, leading to a higher host 
population for larvae and nymphs of  D. reticulatus [24]. Climate is also responsible for 
several extreme environmental conditions such as flooding of  small and large rivers. In 
recent years, changes to the occurrence and time shifting of  flooding in Europe have 
been reported [25,26]. These dramatic changes, and the increase of  so-called extreme 
weather events, have a direct impact on host populations (rodents) as well as on tick 
populations.
Clinical signs caused by B. canis are variable and unspecific. Incubation time is assumed 
seven days to two weeks, leading to an acute onset of  fever, apathy and anorexia. 
Hemoglobinuria and pale mucosals are the result of  parasite related erythrocyte 
destruction. Common complications include pancreatitis, systemic inflammatory 
response syndrome, disseminated intravasal coagulopathy, neurological signs due to 
cerebral hypoxia, and especially renal failure, which is the most frequently observed 
cause of  fatality [27]. Laboratory results from blood and urinary analysis are often 
indicative for canine babesiosis, especially the combination of  thrombocytopenia, 
leukopenia and alterations in reticulocyte count [28]. Eichenberger et al. (2016) report 
that in B. canis infections, dogs with severe thrombocytopenia, mild to moderate 
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leukopenia, hyperlactatemia, hyperphosphatemia or hyperproteinemia are more likely 
to die compared to patients without these alterations [29]. Systemic inflammatory 
response in canine babesiosis results in an increase of  several blood parameters such 
as acute phase proteins and serum lipid concentrations, which could help to identify 
possible infection, as well as early diagnosis of  developing complications [30,31]. 
Pathogen detection, as early as possible, is essential for the initiation of  specific therapy 
with Imidocarb (6.6mg/kg). For initial screening of  suspected cases, light microscopy 
is the fastest and most accessible tool for practitioners, although the confirmation of  
the diagnosis depends on the expertise and experience of  the operator. However, the 
sensitivity is lower than that of  molecular methods making PCR an important tool to 
identify suspected cases where blood smear examination is negative [9,11]. Antibody 
detection in canine babesiosis indicates babesia exposure, but cannot discriminate 
what type of  babesia is involved due to serological cross-reactions; nor can it confirm 
current infection. Seroconversion after the first infection takes more than two weeks 
to occur, so most acute cases will present antigen positive and antibody negative [17]. 
Maggi et al. (2014) report six seropositive dogs out of  twelve PCR positive dogs [32]. 
Only in rare cases with strong clinical evidence of  canine babesiosis and negative 
results for babesia detection (blood smear and PCR), repeated serological testing after 
three weeks might be useful to identify the underlying pathogen. Nevertheless, usually 
the decision for specific therapy is not based on these serological results, as the time 
span for laboratory confirmation is too long. Breed predisposition for clinical disease 
can be assumed due to the development of  natural resistance in local breeds with 
frequent exposure [33]. The prevalence of  specific antibodies was significantly higher 
in German Shepherds and Komondors in Hungary; however, there is no report on a 
large number of  clinical canine cases allowing for calculating breed predispositions in 
Europe [34]. Hunting dogs have a higher risk of  being infected than companion dogs 
[15,35].
In conclusion, the diagnosis of  canine babesiosis is based on the confirmation of  
the pathogen by blood smear light microscopy or by PCR. The underlying decision-
making process to test for B. canis should rely on initial blood values in combination 
with clinical signs. History-based parameters such as the place of  residence, use of  
the dog, and local climate conditions within the last three weeks before clinical signs 
were reported should support this decision. Additionally, the previous application of  
acaricidal drugs, as well as the observation of  ticks on the dog by the owner, should 
be considered. Current studies state a whole year round risk for canine babesiosis, so 
veterinarians have to be aware of  this common infectious disease throughout central 
and southeastern Europe even in unexpected seasons.  

Canine and feline dirofilariosis

Dirofilariosis is an emerging, nematode infection spread by two different filarial 
parasites: Dirofilaria immitis causing heartworm disease in dogs and cats, and Dirofilaria 
repens causing skinworm disease. These nematodes are white and the adult stages range 
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from approximately 10 to 30cm in length [36]. Hematophagous mosquitos, mainly 
of  the genera Aedes/Ochlerotatus, Anopheles and Culex, transmit these two nematode 
species. These vectors are distributed worldwide, so D. immitis is known in temperate, 
tropical, and subtropical areas of  the world, whereas D. repens is limited to southern and 
eastern Europe and Asia [37]. Climate-dependent introduction of  invasive and exotic 
mosquitos such as Aedes albopictus, which is also actively biting during the day, and Aedes 
japonicus are of  rising importance in dirofilariosis in Europe [38,39]. Aedes japonicus 
has been found recently in Germany, France, Slovenia and Croatia. Every mosquito 
species needs specific landscape requirements for breeding sites, thus occurrence is 
strictly limited to these conditions. Egg deposition and larval development of  Aedes 
japonicus take place in natural habitats, such as stream rock pools and tree holes, and in 
artificial containers such as plant dishes, rainwater catchments and trash cans, the latter 
particularly often being available near human dwellings. Despite landscape conditions 
and climate parameters such as temperature and humidity, wind speed and direction 
also influences mosquito occurrence and activity. These currently changing parameters 
can be integrated into a model, predicting the future situation of  mosquito habitats 
and, thus, the occurrence of  mosquito-borne infections in Europe [40].
Mosquitos are an essential part of  the Dirofilaria development cycle, which makes 
iatrogenic or artificial transmission by blood transfusion or open wounds directly to 
another host impossible. After ingesting first stage larvae by the blood meal on a 
suitable host, these larvae must develop within the vector to larval stage 3 until they 
can be transmitted to a mammalian host. This part of  the developmental cycle is highly 
dependent on environmental temperature.  At 30°C, development of  microfilariae 
to infective L3 larvae is completed in 8-9 days, compared to 29 days at 18°C [41]. 
Once transmitted, third stage larvae develop to adult sexual nematodes by another 
two stages, during migration to the right heart and pulmonic arteries (D. immitis) or to 
subcutaneous locations (D. repens), where mating takes place. 
The zoonotic situation is emerging as 1,533 cases of  human dirofilariasis have been 
reported in Ukraine between 1975 and 2012 as a notifiable disease [42]. In other 
countries this reporting system has still not been established, therefore the estimated 
total number of  unreported cases is probably much higher, as other reports count 
only about 1,500 cases worldwide [37]. Tasić-Otašević et al. (2015) show the increasing 
number of  human cases in the Balkans [43]. Up until 2000, 59 cases were reported, 
and from 2000 to 2014, 102 human cases, including 28 cases from Serbia, were 
documented. For both Dirofilaria, humans are less suitable hosts compared to dogs 
and cats but it frequently causes subcutaneous and subconjunctival nodules (D. repens) 
and pulmonary disease (D. immitis) [37]. Microfilaremia is a rare event in humans, as 
most nematodes do not reach a vital and reproductive adult stage [43]. 
Canine and feline heartworm infection are found mainly in southern European 
countries, whereas D. repens infections are more common in eastern and southeastern 
Europe [42,44,45]. Tasić-Otašević et al. (2015) review canine and human Dirofilaria 
infections in the Balkan Peninsula, and report that the overall prevalence in dogs 
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ranges from 3% to 35% in southeastern Europe [43]. In general, canine prevalence 
for D. immitis is much lower compared to prevalence for D. repens. The range for D. 
immitis in dogs, examined between 2000 and 2014, is up to 22.9%, with a common 
range of  3-13%, whereas the range for D. repens is 7-49%. In 2017, Krstić et al. 
(2017) present a survey on D. immitis infections in asymptomatic dogs from Serbia 
with 12.7% positive for microfilaria [46]. Among wild canids, the red fox (Vulpes 
vulpes) is an important reservoir for Dirofilaria. Adult heartworms were identified in 
4 out of  83 fox carcasses in South Banat, and adult D. repens nematodes were found 
subcutaneously in two wolves and on a fox in Serbia and Macedonia [47,48]. Similar 
results for D. immitis have been obtained from highly endemic areas in Hungary, with 
3.7% in foxes and 7.4% prevalence in golden jackals (Canis aureus). Canine heartworm 
disease has been considered endemic in Hungary since 2007; since then, the number 
of  cases has increased dramatically [49]. Sonnberger et al. (2020) show that just by 
importing dogs from Hungary to Austria, the number of  positive tested dogs in 
Austria increased by a factor of  20-30 over the last ten years [50]. The first records on 
autochthonous D. repens infections in Austrian dogs were published in 2009, near the 
border of  Hungary and Slovakia; confirmation of  an endemic status was achieved by 
the detection of  skinworm DNA in mosquitos a few years later [51,52]. Interestingly, 
the number of  cases in eastern Austria is still much lower when compared to Hungary 
and Slovakia, despite the very short distance between areas of  high population and 
companion animal density (Vienna and Bratislava). Common wind conditions, such 
as the westerly wind and higher wind speed in the Danube Valley, could reduce the 
invasion of  infected mosquitos, making the importation and travel of  dogs the main 
factor for pathogen introduction. In Slovakia, the ongoing increase of  the number 
of  canine cases has also been documented. D. repens has been detected in up to 25% 
of  dogs, especially near the border of  Austria and Hungary in the southwest. In one 
breeding facility in southwestern Slovakia, 18 out of  25 dogs were tested positive for 
Dirofilaria infection [53]. In 31% of  these D. immitis positive dogs, no foreign travel 
history was reported; the remaining dogs had histories of  travel to Italy, Hungary, 
Serbia and the Czech Republic. The local mosquito population revealed a prevalence 
for Dirofilaria of  4.26% [39].
Canine dirofilariosis occurs more often in adult dogs and in large and giant breed dogs. 
Shorthair and rural environment is predictive for infection. Numbers of  microfilariae 
in the peripheral blood reach their highest levels in May and August, corresponding 
to activity peaks and population of  vector mosquitos [54]. In a Serbian survey, the 
heartworm prevalence in a group of  dogs from kennels was 44%, and in pet dogs 
not receiving preventative treatment it was 60%; this shows that lifestyle and owner 
care strongly influences infection prevalence [46]. A significant association between 
dirofilarial infection and the use of  dogs was found for hunting dogs [55]. For cats, 
outdoor access and missing preventive treatment, such as in stray cats, are considered 
predictive parameters for infection [56]. No gender predilection has been observed in 
naturally exposed cats [57].
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Clinical signs in heartworm infections are caused by the presence of  adult nematodes 
in the right heart, the pulmonary arteries and more seldom in the caval veins, as well 
as by the release of  Wolbachia spp., endosymbiontic bacteria. Cats are considered 
susceptible but resistant hosts to the infection, compared to dogs.  The feline infection 
rate is estimated to be 5 to 20% of  the canine infection rate in the corresponding local 
population [56]. Adult nematodes survive a shorter period and aberrant migration 
occurs more often in cats than in dogs [57]. In cats, D. immitis infection induces 
severe pulmonary airway, interstitial and arterial lung lesions by immature adult 
stages leading to tachypnea, dyspnea, coughing and vomiting. Thus, clinical signs may 
develop even when nematodes die before completing maturation [58]. Thereafter, 
adult Dirofilaria seem to suppress feline immune responses and clinical signs may 
disappear or become atypical. Dying heartworms induce pulmonary inflammation 
and thromboembolism, inducing acute respiratory signs. In cats, a combination of  
several tests is recommended to diagnose heartworm disease. Initially, thoracic X-ray 
examination and a serum antibody test should be done for screening and, thereafter, 
echocardiography and a serum antigen test to confirm the infection [57]. Temporal 
variable blood eosinophilia and inconsistent basophilia has been noted in infected 
cats. Bronchoalveolar lavage analysis also frequently demonstrates eosinophilia [58]. 
Microfilaremia is rarely observed in cats and it mostly remains an incidental finding. 
Radiographic changes include enlargement of  pulmonary arteries and truncation in 
the caudal lobar branches. Diffuse or focal bronchointerstitial parenchymal patterns 
are another feature, but are also recognized in feline asthma and lungworm infection. 
Echocardiography can visualize adult nematodes within the right heart or adjacent 
pulmonary arteries as double-lined hyperechoic structures [57]. 
Dogs are considered the main reservoir, and many transmitted larvae develop to vital 
adult nematodes. The prepatency period is the time between vector-borne infection 
with L3 larvae and the occurrence of  L1 larvae in the peripheral blood, which is 
around six months. Therefore, dogs without heartworm prophylaxis should be tested 
at least once six months after leaving an endemic area to rule out infection. Depending 
on the worm burden, clinical signs are variable and range from asymptomatic to severe 
exercise independent respiratory distress and weakness. Stage 1 is observed in most 
dogs, and patients without obvious signs or just mild exercise dependent coughing 
are included. Dogs with chronic coughing, sometimes even during resting, and low 
exercise tolerance are allocated to stage 2. Stage 3 presents dogs with severe clinical 
signs and distinct changes in thoracic X-ray and cardiac ultrasonography. Congestion 
signs such as abdominal and thoracic effusion, enlarged liver and spleen can occur, and 
pulmonary hypertension is observed frequently in these dogs. The end stage includes 
dogs with acute caval syndrome with poor prognosis [59]. 
Diagnostic procedures in dogs are even based on an initial screening by antigen test 
or microfilaria detection (Knott test or blood smear), or on an incidental finding of  
adult worms in a cardiac ultrasonography or larvae in a blood smear. An antigen test 
is highly specific and sensitive for D. immitis infection and detects a protein from the 
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female fertile nematodes. Therefore, the test might be a false negative in the case of  
only male worm infection, which can also produce no microfilariae. A controversy 
has evolved regarding the heat treatment of  canine and feline serum prior to antigen 
testing. It is assumed that, in some cases, antibodies block the antigen, and so it cannot 
bind to the testing site in the antigen test, which could also lead to false negative 
results. It has been demonstrated that heat pre-treatment could release the blocked 
antigen, thus antigen test results become positive. Others state that the pre-heating 
the serum sample could reduce specificity, producing false positive results [60,61]. 
Hematological and serum chemical abnormalities may display mild anemia (10-60%, 
depending on the severity of  affection), neutrophilia (20-80%), eosinophilia (85%) 
and basophilia (60%). As soon as congestion signs are present, liver enzymes might 
increase. Hyperbilirubinemia and azotemia, as well as albuminuria, are rarely observed 
[36].
D. repens, the causative agent of  cutaneous dirofilariosis, seems to spread much faster 
from southern to northern Europe compared to D. immitis [44]. Prevalence in some 
central European dog populations is up to 52.9%, and zoonotic potential is much 
greater than that of  D. immitis [62,63]. This increases concerns about this parasitic 
infection, and thus it is named an emerging zoonosis [44]. After transmission by 
mosquitos, infection becomes patent 6-10 months later, and adult parasites can live 
2-4 years in the subcutaneous tissue of  dogs. Tarello (2011) describes pruritus, nodules 
and other dermatological signs [64]. Many infected dogs remain undetected due to 
the subclinical status of  the infection; therefore, 43% of  canine cases are identified 
by coincidence in blood smears, cytological preparations or during surgery [50]. 
Differentiation of  microfilariae, from both Dirofilaria species, should be done by 
PCR. Adult worms can be specified by special staining or even by PCR. Subcutaneous 
nodules are 1-3 cm in diameter and ultrasonographic examination reveals double 
linear parallel hyperechoic structures that are sometimes moving. Risk factors in dogs 
include the lack of  preventive measures and kenneled dogs, older age, male gender, 
rural environment and geographic location of  residence [44].
In conclusion, the diagnosis of  dirofilariosis depends on the awareness of  veterinary 
practitioners as most infected animals show no or just minor and unspecific clinical 
signs. Therefore, history-based parameters, such as the place of  residence as well as 
the use, age and lifestyle of  the pet at any time in its life before, should support 
the decision to test the animal. In dogs, a screening test for D. immitis is the antigen 
test for female adult worms. Microfilariae can be detected in the blood smear or by 
modified Knott’s test. Discrimination of  microfilariae (D. immitis versus D. repens) 
should be done by PCR. In cats, antibody testing is the major tool to identify infected 
animals as microfilaremia is seldom. An antigen test may confirm current infection 
by adult female nematodes. Thoracic X-ray is necessary to evaluate the severity of  
organic changes in D. immitis infection, and heart ultrasonography could visualize the 
nematodes. In subcutaneous nodules, D. repens may also be identified as nematode by 
ultrasound. Additionally, the previous application of  insecticidal or repellent drugs, as 
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well as heartworm prophylaxis by macrocyclic lactones, should be taken into account. 
On the author’s opinion, we are heading for a situation where large scale screening of  
our canine population as well as standardized prophylactic measures become the only 
tools to reduce the infection risk for pet animals and humans as well.

Canine and feline leishmaniosis

Canine and feline leishmaniosis have gained much attention in recent years as the 
underlying pathogen has a major zoonotic potential. In particular, canine case 
numbers are currently increasing in many regions of  Europe [65]. The domestic dog is 
considered as an indicator for the presence of  this pathogen in a certain area, as it is the 
main reservoir of  L. infantum [66]. Leishmania infantum is transmitted by several blood 
sucking sand fly species, thus regional occurrence is mainly based on the presence of  
these arthropods. A low proportion of  sand flies, up to 3% harboring the pathogen, 
is sufficient to maintain the infection cycle in endemic areas [67]. Many Mediterranean 
countries including France, Greece, Spain, Italy, Cyprus and Turkey, as well as Portugal 
have been endemic with canine and human leishmaniasis for many years [68]. In several 
Central European countries, this infection in now diagnosed frequently in imported 
dogs from southern and eastern European countries, posing the possible future risk 
of  this pathogen becoming endemic in these regions [9,69,70]. Until now, the origin of  
infection in a few canine cases from Germany remains unclear, as no travel history was 
present, whereas in Austria all infected dogs could be assigned to a travel history or 
an origin from endemic countries [9,69]. The Alps seem to be a natural barrier to the 
direct northward spread of  sand flies, although some of  these species have been found 
up to 3300 meters above sea level in Asia [71]. A possible natural gate for the vector 
expansion from southern areas to central Europe remains the Alpine-Carpathian gap 
between Vienna and Bratislava, where sand flies were identified and cases could be 
expected in the near future [72]. Especially in southeastern Europe, L. infantum has 
been found recently in Phlebotomus spp. and dogs. Further, autochthonous canine cases 
have been reported in Hungary, Bulgaria, and Romania, which underline the emerging 
nature of  this spreading infection [15,73-77]. In northern areas of  Italy, at the foothills 
of  the Alps, new endemic foci have been identified [78]. 
In Serbia, leishmaniosis was endemic and sand flies were present during the middle of  
the twentieth century. After 1968, the disease was considered to be eradicated; however, 
a recent report on the disease, in humans and dogs, gives rise to the concern that the 
vectors and the pathogen have been reintroduced [79]. As a major zoonosis, human 
migration might also act as a contributing factor in spreading the disease. Known 
human migration routes used by East-Mediterranean and Middle-Eastern refugees, 
from 2015 on, as well as tourists and trade transit routes in Serbia, have been identified 
and a survey on the presence of  sand flies and Leishmania spp. was conducted. Several 
Phlebotomus spp. were identified and most of  them showed vector-competence for the 
development and transmission of  Leishmania infantum [79]. In the Serbian province 
of  Vojvodina, adjacent to Hungary in the north, autochthonous cases in dogs and 
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L. infantum DNA in sand flies were reported [73]. In southern Hungary, this disease 
was documented for the first time in 2007 [75]. Collela et al., (2019) reported PCR 
positive dogs in the central and southern part of  Bosnia and Herzegovina (Sarajevo 
and Mostar), and antibody positive dogs throughout the country [74]. In Croatia, 
seropositive dogs were identified in Dubrovnik, near the Bosnian border, and in 
southern Dalmatia, up to Split in the north [15,80]. In Albania and Kosovo, dogs 
were tested positive by PCR as well as serologically, thus completing the current 
picture of  the ongoing spread of  Leishmania spp. distribution in the Balkan region 
[81]. Climate change certainly influences arthropod prevalence; interestingly, several 
studies pose positive associations more often for regional and national studies as in a 
global or zonal context. Increasing, mean annual temperature in specific areas is one 
explanation for Phlebotomus spp. occurrence; however, this correlation is not linear, as 
high temperatures can also result in reduced survivorship, especially when rainfall and 
moisture is also lower [5]. 
Despite vector-based transmission, several other ways of  transmission have been 
proven in dogs: horizontal transmission by blood transfusion and mating as well as 
vertical transmission from the infected dam to the offspring [82]. 
Canine breed susceptibility is based on genetic predispositions. Ibizan hound dogs 
usually develop a more cellular immunity-based response, which leads to a higher 
tendency of  natural resistance. Some dog breeds such as the Boxer, Cocker Spaniel, 
Rottweiler and German Shepherd show a higher level of  susceptibility, leading more 
frequently to clinical signs [67]. In Boxer dogs, horizontal and vertical transmission, 
without the presence of  a competent vector, has been reported in non-endemic areas 
[83]. Genetic markers can explain genetic variance in both pro- and anti-inflammatory 
cytokines and cellular immune response, so that even within a certain breed, a high 
variability of  susceptibility is present [66]. Age seems to be another important factor 
as the highest prevalence is reported in dogs younger than three years and older than 
eight years [67].
Cats play a minor role in the transmission cycle, but they can also act as a reservoir. 
Especially in endemic areas, seroreactivity in stray cats ranges from 30% to 68.5% in 
Italy, and 60% in owned cats in Spain [84,85]. Compared to dogs, the prevalence of  
infection is generally lower and clinical cases are less frequently reported. Feline natural 
resistance is more effective than in dogs and feline coinfections and comorbidities are 
frequently detected in cats with clinical leishmaniosis [86]. Predisposition for feline 
leishmaniosis is an outdoor lifestyle, rural habitat, male gender and adult aged [85]. 
Once transmitted during the vector’s blood meal, the pathogen is attacked by the 
host’s immune system. Pathogen elimination by the host is possible in the very early 
course of  infection by neutrophil phagocytosis; however, once the pathogen has 
spread via the blood circulation, systemic disease in dogs and cats is highly likely [87]. 
Clinical signs in this chronic progressive disease in dogs and cats are rather similar, 
but they are highly variable and include many organ manifestations. Cutaneous signs 
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of  ulcerative, exfoliative and nodular dermatitis are frequently described in both 
species. Onychogriphosis and hyperkeratosis seem to be unique features of  canine 
leishmaniosis. Ocular lesions such as keratoconjunctivitis and uveitis as well as 
systemic lymphadenopathy, splenomegaly, weight loss and pale mucosal membranes 
are described in cats and dogs. Additionally, dogs show lameness, masticatory muscle 
atrophy and pathogen invasion of  the central nervous system, resulting in progressive 
neurological signs. In cats, stomatitis and glossitis are described [85]. Clinical signs are 
detectable in any combination. Laboratory results depend on the stage of  the disease, 
but alterations are similar in cats and dogs. Any kind and combination of  cytopenia is 
usually not regenerative and total protein can be elevated by marked hyperglobulinemia, 
despite low albumin levels. Proteinuria and, later on, azotemia are typical features of  
feline and canine leishmaniosis [67,85,86]. 
Diagnostic procedures are based on the clinical history, possible pathogen exposure 
(vectorial or non-vectorial), and either a positive antibody test result or pathogen 
detection, as well as DNA detection by PCR. It is important to distinguish between 
infected dogs with positive antibody titers without any clinical sign, and sick dogs with 
clinical signs and clinicopathological abnormalities. Initial laboratory examinations 
include hematological and biochemical analyses, as well as urinary analysis, as some 
animals show altered parameters in blood or urinary analysis without evidence 
of  obvious clinical signs. A thorough clinicopathological, individually adapted 
examination, has to be done in each patient to exclude other VBDs and co-infections 
depending on origin and history. The second step is a serological screening for 
antibodies by ELISA or IFAT; immunochromatography-based assays are easy to use 
and results are available within minutes, but sensitivity is still not optimal. Positive 
serological testing proves exposure and infection, although low or borderline titers 
should be retested after 4-6 weeks to confirm persistent infection. Negative antibody 
test results do not rule out infection. In non-endemic areas, imported dogs have to 
be tested twice after importation at an interval of  six months to rule out infection as 
time for seroconversion can be several months. The third step is the confirmation of  
the presence of  the pathogen. This can be done by highly sensitive PCR from body 
fluid (blood, cerebrospinal fluid, synovia and bone marrow) or tissue such as skin, 
lymph node, spleen, or conjunctival swabs. In endemic areas, positive PCR from skin 
samples, without any clinical signs, could be misleading in terms of  proving persistent 
infection and, therefore, should be interpreted with caution. Cytology preparations of  
skin scrapings, lymph node or spleen aspirations or any kind of  body fluid could make 
Leishmania spp. amastigotes visible in macrophages in the microscopic examination 
[67,85].
In conclusion, the diagnosis of  canine and feline leishmaniosis is based on the initial 
screening for specific antibodies and confirmation of  the pathogen in body fluids or 
aspirates as well as tissue samples by PCR or light microscopy. The underlying decision-
making process to test for leishmaniosis should rely on initial blood and urinary values 
in combination with clinical signs. History-based parameters such as the place of  
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residence, as well as use and lifestyle of  the pet at any time in its prior life, should 
support this decision. Age, gender and breed are known to be predisposing factors 
for disease, but might not be for infection. Additionally, the previous application 
of  insecticidal or repellent drugs, as well as anti-Leishmania vaccinations, should be 
taken into consideration. In the light of  the progressive spread of  the vector, the 
pathogen, and infected hosts, it becomes more likely to identify infected animals by 
antibody testing, but more difficult to decide which one should be put on extensive 
and expensive therapy because of  sometimes unspecific clinical signs.

Canine tick-borne encephalitis

Tick-borne encephalitis (TBE) is a Flavivirus-induced and VBD causing a large 
number of  human cases, including fatalities, in Europe and Asia as well as long-term 
consequences and socioeconomical impact. The main vector is Ixodes ricinus in Europe 
as well as D. reticulatus, whose significance is inexplicit for humans but certainly relevant 
for dogs [88]. TBE virus transmission to dogs is a frequent event in endemic areas with 
a calculated annual risk of  about 11.6% [4]. This tick-borne infection infrequently 
causes encephalitis in dogs, with a possible fatal outcome, but does not cause clinical 
signs in cats [89-91]. Tick-borne encephalitis has expanded to northern Europe and 
the occurrence of  the main vector has been observed in higher altitudes in central 
Europe in the last decade [92,93]. The increasing vertical distribution of  infected 
ticks, and the resulting clinical cases, is attributed to changing climate [94]. Increasing 
tick activity in I. ricinus during winter months has been attributed to short periods of  
time with temperatures suitable for the vectors; thus, single cases of  TBE have been 
observed during winter seasons in dogs [95,96]. In humans, TBE is also transmitted 
by consumption of  raw milk from infected and viraemic cattle, sheep or goats. One 
canine case from the Czech Republic described a TBE-infection after consumption of  
raw goat milk [97].
Canine seroprevalence in central and northern endemic European countries is reported 
as 19.9% in Austria, 28% in healthy dogs and 54% in ill dogs in Germany, and 16.4% 
in Norway [98-100]. In Serbia, 17.5% of  tested dogs had specific antibodies, indicating 
frequent exposure to this pathogen [101]. Breed predisposition remains open due to 
the low total number of  published cases; however, Rottweilers and Siberian Huskies 
seem to be over-represented. Another noticeable fact is the invariable adult age of  
affected dogs as no puppies have been reported to suffer from TBE. Sled dogs and 
hunting dogs are supposed to have more frequent exposure times to infected vectors 
than dogs without this level of  outdoor access [4,102].
Transmission to the host occurs within the first hours during the tick’s blood meal, 
as the virus is located in the tick’s salivary glands. The incubation period is estimated 
as five to nine days. An acute onset of  clinical symptoms, leading to the maximal 
intensity of  neurological signs within 48 hours, is typical for this disease. Initially, 
most dogs are depressed and show unspecific signs, such as salivation, vomiting and 
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refusing feeding, and are reluctant to move due to generalized weakness. Some dogs 
present with compulsive walking, circling to one side, and unusual behavior [89,90,97].  
Elevated body temperature may initially be addressed as fever; later on, it is more 
likely a result of  non-voluntary excessive muscle contraction (e.g., seizures, loss of  
inhibition by upper motor neuron damage). Seizures are a principal result of  cerebral 
damage due to TBE and observed in up to 1/3 of  canine cases. In particular, blindness 
due to papillitis, optic nerve inflammation or chiasma opticus neuritis may become 
a dominant symptom. In these cases, visual deficits are the major clinical sign and 
result from detachment of  the peripapillary retina, peripapillary hemorrhages and 
inflammatory edema [95]. Degeneration and demyelination of  cranial nerves is initiated 
by the virus’s neurotropism; later on, secondary immune reaction to neural tissue may 
prolong the period of  damage and lead to irreversible symptoms such as retinal and 
optic disc atrophy. Other cranial nerve deficits such as trigeminal dysfunction, resulting 
in reduced facial sensation and chewing muscle atrophy, vestibular signs (nystagmus 
and positional strabismus) and facial palsy are observed.  Major involvement of  the 
spinal cord results in mostly symmetrical paresis, muscle twitching and proprioceptive 
dysfunction, which may also be present as an exclusive symptom and may occur 
asymmetrically [90,97]. 
It is essentially important to consider differentials such as rabies, distemper and 
Aujeszky’s disease at that time. Fatalities usually occur within the first week of  disease 
and are supposed to be caused by the inability to clear the virus from the dog’s brain 
by local immune response. Inflammatory changes of  cerebrospinal fluid (CSF) usually 
include lymphocytic pleozytosis and elevated total protein. The tentative diagnosis 
is based on the presence of  specific serological or intrathecal antibodies as well as 
increasing or decreasing titers within one to two weeks [90]. Virus detection in the CSF 
intra vitam is seldom found due to fast virus clearance; therefore, pathogen detection 
is usually achieved by postmortem brain preparations [103]. Magnetic resonance 
imaging findings include bilateral and symmetrical gray matter lesions involving the 
thalamus, hippocampus, brain stem, basal nuclei and ventral horn on the spinal cord. 
All lesions have minimal or no mass effect or perilesional edema [104]. These findings 
are comparable to the distribution of  lesions in the canine brain detected by necropsy 
and immunohistochemistry [103]. A previous application of  acaricidal drugs, as well 
as the observation of  ticks on the dog 5-10 days before symptoms occurred, should 
be considered; however, 25% of  dog owners are not able to identify and report tick 
infestation in their dogs with sufficient certainty [4].
In conclusion, the tentative diagnosis of  canine TBE intra vitam is based on clinical 
symptoms and the confirmation of  specific serological or intrathecal antibodies. The 
underlying decision-making process to test for TBE-antibodies should rely on history-
based parameters such as residence in an endemic area. Local climate conditions, 
within the last 10 days before the onset of  clinical signs, favorable for tick activity, 
should support this decision. The age and breed of  the dog should not influence 
this decision, as the number of  published canine patients is too low to identify these 
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parameters as significant predisposing factors. Tick-borne encephalitis is the only viral 
encephalitis in dogs that does not always result in a fatal outcome. Despite severe 
neurological signs, it is worth to undertake diagnostic measures and put them on 
symptomatic therapy.

CONCLUSION

Diagnostic procedures in companion animal infectious diseases are well investigated 
and described in scientific papers as well as in several textbooks for veterinary medicine. 
Research has focused on predisposing factors for the occurrence of  disease as well as 
vectors and pathogens. These parameters are animal related, for example, age, breed 
and gender, as well as lifestyle and use of  prophylactic measures. Environmental 
parameters such as climate, vector and host densities can give additional information, 
even for veterinary practitioners, which could help to decide on further diagnostic 
work-up. Keeping professional knowledge about these developing and changing 
parameters up-to-date is a challenge and may be a new requirement for veterinary 
practitioners.
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FOKUS NA VEKTORSKE BOLESTI MALIH ŽIVOTINJA 
U CENTRALNOJ I JUGOISTOČNOJ EVROPI

LESCHNIK Michael

Vektorske bolesti su jedan od najčešćih uzroka morbiditeta i mortaliteta malih životinja 
u Evropi. Mnoge od ovih bolesti su dobro poznate veterinarima koji se bave praksom, 
a neke od njih se obzirom na porast njihove prevalencije, prostorne i vremenske dis-
tribucije u Evropi nazivaju „emerdžing“ bolestima. Broj novoprepoznatih patogena 
čiji su prenosioci tj. vektori artropode je iz godine u godinu u porastu. Prevalenca 
među inficiranim vektorima i domaćinima predstavlja značajnu temu u veterinarskoj 
nauci širom kontinenta, kao i  razvoj efikasnih dijagnostičkih procedura, terapija i 
profilaktičkih mera. Vektorske bolesti kućnih ljubimaca obuhvataju veliku grupu pa-
togena, uključujući viruse, bakterije, protozoe i helminte. Ove patogene mahom pre-
nose artropode koje sisaju krv (krpelji, buve, komarci i peščane mušice), a znatno ređe 
direktnom transmisijom između kičmenjaka tj.domaćina. Prevalenca i aktivnost vek-
tora zavisi od klimatskih uslova, gustine naseljenosti domaćina, promena u životnom 
okruženju i uoptrebe zemljišta.  Humani parametri, kao što su siromaštvo i migracije 
utiču na primenu profilaktičkih mera protiv prenosa patogena i infekcije, uz istovrem-
no povećanje rizika od zoonoze koje nastaju kao posledica uvođenja patogena preko 
inficiranih ljudi. Faktori koji se odnose na male životinje, kao što je slučaj sa trgovinom 
i putovanjima ljubimaca, šire infekciju i vektore kao što su krpelji i buve. Svi ovi faktori 
predstavljaju značajne i složene izazove za veterinare u kliničkoj praksi koji moraju da 
se opredele za efikasne laboratorijske pretrage i posledične dijagnostičke procedure.


