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Abstract 

 

In order to evaluate the prevalence of heartworm disease in the South-East of Romania, we collected blood from 40 dogs 

from a shelter in Galati, which were examined by several methods for the Dirofilaria immitis and Dirofilaria repenes 

microfilariae identification, and for the detection of Dirofilaria immitis antigen respectively. Eleven dogs were positive 

for microfilariae (27.5%), of which 3/11 were co-infections and only 1/40 had D. repens microfilariae detected. Following 

serological test, D. immitis antigen was detected in 30% of the investigated serum samples (12/40). The high prevalence 

of heartworm disease requires continuous monitoring of symptomatic dogs, but also of the asymptomatic ones from 

shelters or of those from veterinary clinics in endemic areas. Furthermore, the mosquito populations control in endemic 

areas is mandatory. 
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Canine dirofilariosis is a potentially 

zoonotic disease transmitted through mosquito 

bites, which is produced by the nematodes 

Dirofilaria immitis and Dirofilaria repens (Capelli 

et al., 2018). The intermediate hosts (the vectors) 

involved in the transmission of these nematodes are 

Culex, Anopheles and Aedes genus (Mirahmadi et 

al., 2017; Adebayo et al., 2020). 

Concerns in recent years regarding the 

expansion of filarial nematodes in the northern 

areas, from the endemic areas of Europe (southern, 

central and eastern) are reinforced by the multitude 

of studies conducted on the prevalence of 

heartworm disease cases in domestic and wild 

animals (Sassnau et al., 2014). 

Heartworm disease produced by the species 

Dirofilaria immitis is considered a fatal pathology, 

due to its pulmonary and cardiac location (Genchi 

et al., 2007; Ciucă et al., 2020a). Clinical 

manifestations occur due to the large number of 

adult nematodes, which causes antigenic reactions 

and mechanical irritation, clinically expressed by a 

chronic pulmonary hypertension (Beugnet et al., 

2018; Burton et al., 2020). In the literature, the 

clinical stage of cardiopulmonary dirofilariosis is 

represented as follows: 1) asymptomatic or with 

very mild manifestations, such as apathy, dyspnea 

following physical effort and cough; 2) anemia, 

dyspnea, progressive weakness, chronic cough, 
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vomiting;   3) syncope, increased heart and 

respiratory rate (Sonneberger et al., 2020). 

The second species, Dirofilaria repenes 

causes an asymptomatic and non-pathogenic 

infection in the subcutaneous tissue in pets, but in 

humans this is considered the main species involved 

in the production of the disease (Otranto et al., 2013; 

Capelli et al., 2018). The life cycle of these two 

species consists of five larval stages that develop in 

both hosts, and of the adult forms which have 

different locations depending on the species (D. 

immitis – right heart and pulmonary arteries; D. 

repenes – subcutaneous tissue) (Genchi et al., 

2009). 

The female mosquitoes become infected 

with microfilariae when feeding on the blood of 

infected definitive hosts, after which they transform 

into stage 3 larvae. These are considered the 

infective forms for the subsequent hosts of the 

mosquitoes (Hess et al., 2023). 

The definitive hosts are represented by 

more than 30 species of domestic (dogs, cats) and 

wild animals (foxes, ferrets, coyotes, wolves, 

badgers, etc.) (Adebayo et al., 2020; Ionică et al., 

2022). 

Recent studies carried out in Romania have 

highlighted the presence of both species of 

heartworm in dogs, cats or wild animals (Hamel et 

al., 2012; Girdan et al., 2015; Ionică et al., 2015; 

Ciucă et al., 2016a; Ciucă et al. al., 2016b; Ionică et 

56



University of Life Science (IULS) 

 

al., 2016; Ionică et al., 2017a; Ionică et al., 2017b; 

Mircean et al., 2017; Ciucă et al., 2020b; Cîmpan et 

al., 2022; Ionică et al., 2022). 

The Wolbachia endosymbiont is found in 

almost all filaria, having the role of helping the 

nematodes with their long survival, development 

and fertility (Ciucă et al., 2018). 

The aim of this study was to obtain a current 

prevalence of canine heartworm disease in Galați 

county, Romania, comparing current data with 

studies carried out in previous years, from the same 

area. 
 

MATERIAL AND METHOD 

This study included 40 dogs from a shelter 

in Galați, Romania. Data on age, gender, hair coat 

length and medical history were recorded for further 

processing. Their age range was between 1 and 16 

years, with varied hair coat length, and according to 

medical records, none of the dogs received 

antiparasitic treatment. Based on the age,  the dogs 

were grouped as follows: young (1-3 years); adults 

(4-7 years); seniors (8-12 years); and geriatrics (13-

18 years). Therefore, 40 blood samples were 

collected in tubes with anticoagulant 

(ethylenediaminetetraacetic acid- EDTA) and 40 

samples in tubes without anticoagulant. The 

samples were transported at temperatures of 4⁰C, 

and analyzed in the Clinical Laboratory of 

Parasitology and Parasitic Diseases of the Faculty 

of Veterinary Medicine in Iasi. 

All samples used in this study were 

collected under standard protocols for management 

of dogs participating in animal shelters and by the 

Institutional Animal Care and Use committees of 

the Faculty of Veterinary Medicine Iasi (Romania). 
 

 

 

 
Figure 1 - Microfilariae of Dirofilaria immitis – ob. x20 

 

 
Figure 2 - Microfilariae of Dirofilaria repens – ob. x20 

 

 

Laboratory techniques 

Blood samples were tested for the 

identification of circulating microfilariae using the 

modified Knott method, as well as the detection of 

antigens, using the PetCheck and SNAP 4DX Plus 

serological tests. For the serological tests, canine 

blood samples were collected in anticoagulant-free 

tubes, which were after centrifuged, and the serum 

obtained was transferred to Eppendorf tubes and 

labeled until use. 

 

 

 

 

Modified Knott test 

The technique consists in adding to a 15 ml 

tube, 1 ml of canine blood sample, which was mixed 

with 9 ml of 2% formalin. The tube was centrifuged 

for 5 minutes at 1500 rpm and the supernatant was 

removed, adding 1% methylene blue to the 

sediment. After gentle mixing, from the resulting 

sediment, 1 drop was transferred to a coverslip and 

examined under an optical microscope (x20-x40) 

(Gioia et al., 2010; Magnis et al., 2013; Ciucă et al., 

2016b). Circulating microfilariae were 

morphologically identified using specialized 
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literature (Magnis et al., 2013). the whole sediment 

was analyzed. 

 

SNAP 4DX Plus immunochromatographic rapid 

test (Idexx Laboratories) 

The first serological test used was the 

commercial SNAP 4DX Plus kit (Idexx). This 

qualitative method is used for the detection of 

circulating Dirofilaria immitis antigens, but also for 

the Anaplasma platys, Anaplasma 

phagocytophilum, Ehrlichia canis, Ehrlichia 

ewingii and Borrelia burgdorferi antibodies 

detection. Testing was performed according to the 

manufacturer's instructions. The purpose of using 

this kit was to perform a more complex screening in 

order to identify possible co-infections. 

 

PetCheck Heartworm Testing (Idexx Laboratories) 

The second serological test used was the 

PetCheck HW kit (Idexx). This test detects 

Dirofilaria immitis antigens in canine serum or 

plasma, using the ELISA technique. Testing was 

performed according to the manufacturer's 

instructions.  

The results of the both serological tests 

were scored as positive or negative. 

RESULTS 

Of the 40 dogs, all were homeless (n=40), 

and regarding the gender ratio, 62.5% were female 

(25/40) and 37.5% were male (15/40). 

The 40 blood and serum samples were tested 

using the methods described previously. Thus, the 

modified Knott test showed a total of 11/40 samples 

positive for microfilariae (27.5%), of which 10/11 

samples were positive for D. immitis microfilariae 

(figure 1) and 1/11 for D. repens microfilariae 

(figure 2). Also, D. immitis antigens were detected 

in 12/40 samples using the PetCheck ELISA (30%), 

and no samples were positive for SNAP 4DX Plus 

(table 1). 

The highest prevalence was detected in the 

age group 4-7 years (adults), followed equally by 

the groups 8-12 (senior) years, respectively 13-18 

years (geriatrics). In addition, in the gender ratio, 

33.4% (25/40) were female and 37.5% (15/40) were 

male (table 2). 

The results of the positive samples, tested by 

the PetCheck HW and modified Knott methods are 

reported in Table 3. Thus, of the 12 samples positive 

for D. immitis Ag. (in Petcheck HW), in 3  

 
Table 1  –  The results of analyzed samples 

 

 

 

 

 

 
of them the microfilariae of both species were 

identified by the Knott test (Dirofilaria immitis and 

Dirofilaria repens), in 5 samples only the 

microfilariae of the species D. immitis were 

identified, and in 4 samples no microfilariae were  

 

identified.  Furthemore, from the samples found  

negative for D. immitis Ag., the results from 

modified Knott method proved that 2 more blood 

samples were positive for D. immitis microfilariae 

and one for D. repens microfilariae. 

 

 
Table 2 - Comparison of age groups and gender in dogs tested positive for Dirofilaria spp. by at least one 

method 

 
No. of dogs tested No. of dogs positive 

AGE 

1-3 years 8 0 (0%) 

4-7 years 14 7 (50%) 

8-12 years 10 4 (40%) 

13-18 years 8 4 (50%) 

Total 40 15 (37.5%) 

GENDER 

Males 15 5 (33.4%) 

Females 25 10 (40%) 

Total 40 15 (37.5%) 

 

 

 

Test 
Positive samples 

Total positive/total sampled % 

PetCheck HW 12/40 30% 

Knott Test 11/40 27.5% 

SNAP 4DX Plus 0/40 0% 
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Table 3 -  Comparative results of positive samples 

Note: mf - microfilariae 

 

DISCUSSIONS 

In this study, are presented the results 

obtained from the examination of blood samples of 

40 dogs randomly chosen from Galați using 

parasitological and serological methods, in order to 

establish the prevalence of canine heartworm in the 

county.  

Following studies carried out in previous 

years, it was found that the highest prevalence of 

canine heartworm disease is found on the South-

East of Romania (Poliana et al., 2013; Ionică et al., 

2015; Ciuca et al., 2016; Cimpan et al., 2022). 

Galați County is located in the South-East of 

Romania, near the Danube river and other important 

rivers, thus generating an optimal habitat for the 

development of vectors. In a research study 

conducted at the Danube Delta Reservation, certain 

mosquitoes and domestic dogs were found to 

exhibit a higher prevalence of Dirofilaria immitis 

and Dirofilaria repens infections. (Tomazatos et al., 

2018). The study carried by Ciucă et al. in 2016 

showed a 60% prevalence of heartworm disease in 

Galati, the highest rate from all the investigated 

areas from Eastern Romania. 

In the literature, there are described several 

risk factors involved in the persistance of the 

disease, including dog gender (males are more 

susceptible than females in contracting the disease), 

size (larger dogs are more prone than small ones), 

habitat, definitive host species, as well as age (older 

dogs are more susceptible than young ones) (Fan et 

al., 2001). Comparing these factors with the data 

presented in this study, it is founded that the 

prevalence of heartworm disease was increased in 

females (10 positive samples/25 analyzed samples), 

and adult dogs, aged between 4-7 years. 

The analysis of the 40 blood samples by the 

Knott method revealed that 11/40 samples were 

positive for microfilariae, of which co-infections 

with both species (D.immitis and D.repens)  were 

detected in 3 blood samples.   This fact was also 

reported by Ionică et al. in 2017 (2017a). They 

considered that, in endemic areas, the risk of co-

infections with both species is very high, especially 

because these parasites are having common vectors 

for transmission. In addition, 2 samples positive for 

D. immitis microfilariae were negative on 

serological testing, most likely due to a low number 

of females (Rojas et al., 2015). Dirofilaria immitis 

microfilariae can persist for over 2 years in the 

bloodstream, even after the death of the adults 

(Ionică et al., 2015). 

From the total of 40 serum samples 

analyzed, 4 samples were positive for Dirofilaria 

immitis Ag., but they were negative in the modified 

Knott test. According to literature in the field, this 

situation can be encountered in cases of subclinical 

infection or during the incubation period, as well as 

if adult sterility has been previously induced    by 

some drugs used (Ionică et al., 2015). Serological 

testing by antigen identification is frequently used 

for the detection of asymptomatic (occult) 

infections, but the disadvantage of this method 

consists in false positive results, due to cross-

reactions with other filariae (Laidoudi et al., 2019). 

False negative serological results could occur in 

cases where the number of female nematodes is low 

(Schnyder and Deplazes, 2012; Ionica et al., 2015). 

 

PetCheck HW 

 

Knott test 

 

Total no. of 

canine 

samples 
Dirofilaria immitis Dirofilaria repens 

Sample 8 positive negative 

40 

Sample 11 positive mf mf 

Sample 12 positive mf mf 

Sample 14 positive mf mf 

Sample 21 positive mf - 

Sample 22 positive negative 

Sample 24 positive negative 

Sample 27 positive mf - 

Sample 28 negative mf - 

Sample 29 negative mf - 

Sample 30 positive mf - 

Sample 31 positive mf - 

Sample 33 positive negative 

Sample 35 negative - mf 

Sample 40 positive mf - 
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According to the manufacturer's 

specifications, the sensitivity and specificity of the 

SNAP 4DX Plus and PetCheck HW tests, which 

detect the antigen of the species Dirofilaria immitis, 

are identical, more precisely 98% sensitivity, 

respectively 100% specificity (IDEXX 

Laboratories). In the study conducted by Courtney 

and Zeng (2001), the PetCheck test was considered 

the most sensitive compared to the other serological 

tests used in the study. However, in our study 12/40 

serum samples were positive in the PetCheck test 

and negative in the SNAP 4DX Plus test. The 

authors of other studies in the branch consider that 

if the rapid test SNAP 4DX Plus for the detection of 

D. immitis Ag. is elected, it is necessary to use a 

second serological test, to increase the predictive 

value (Pantchev et al., 2009). 

In Europe, the presence of several filariae in 

the blood of dogs has been reported, and filariae of 

the genus Acanthocheilonema are also frequently 

reported. Differentiation of microfilariae is carried 

out by the modified Knott method, analyzing the 

morphological characteristics as well as their sizes. 

However, sometimes there can be uncertainties 

regarding the species of microfilariae, and the use 

of other diagnostic methods (serological or 

molecular) is also recommended (Little et al., 2018; 

Laidoudi et al., 2020). 

Due to the subclinical form of heartworm 

disease produced by the species D. repens, dogs 

infected with this species remain undiagnosed, 

indirectly participating in the maintenance of the 

pathogen (Capelli et al., 2018). 

The accuracy of diagnostic methods is 

extremely important for veterinarians, thus being 

able to determine the most effective plan for each 

patient (Panarese et al., 2020). The main reservoir 

of Dirofilaria immitis and Dirofilaria repens is 

considered to be the dog, although heartworm 

disease can still be prevented by using macrocyclic 

lactones (Sassnau et al., 2014). 

Global warming is thought to be the main 

cause of the spread of heartworm disease, closely 

followed by the transport of untested dogs from 

endemic to non-endemic areas (Genchi et Kramer, 

2020). 

Dogs in shelters should undergo periodic 

prophylactic treatments due to prolonged exposure 

to tick and mosquito infestations, due to the fact that 

most animal shelters are built on the outskirts of 

towns. Animal welfare organizations should also be 

regularly trained on the treatment and testing of 

dogs for vector-borne diseases, especially those to 

be imported from endemic areas. 

CONCLUSIONS 

The high prevalence of heartworm disease in 

the South-East of Romania should raise an alarm, 

making the monitoring and prophylactic treatment 

of dogs mandatory. Also, heartworm disease should 

be included in the differential diagnosis of 

veterinarian clinicians, which need to properly 

inform the owners about the risks associated with 

canine dirofilariosis. Taking into consideration the 

evolution of dirofilariosis cases in dog shelters from 

Romania in the last years, it should be possible that 

Global Warming influences the increase in the case 

numbers of this disease, in accordance with 

abundance of etiological agents. 

 
 

ACKNOWLEGMENTS 
The authors are grateful to Lavinia Ciuca (University of 
Naples Federico II, Department of Veterinary Medicine 
and Animal Production) for kindly collaboration in this 
research. 

 
REFERENCES 

Adebayo, O.O., Akande, F.A., Adenubi, O.T., 2020 - 
Canine Dirofilariasis: A Case Report and Review 
of the Literature. Folia Veterinaria 64, 75–81. 
https://doi.org/10.2478/fv-2020-0029 

Beugnet, F., Halos, L., Guillot, J., 2018 - Textbook of 
Clinical Parasitology in dogs and cats. Servet 
editorial-Grupo Asís Biomedia, SL. 

Burton, K.W., Liu, J., Drexel, J.P., Pulaski, C., 
Heartsill, S., Dupuy, C., 2020 - Comparative 
evaluation of field samples using 2 in-clinic assays 
for heartworm antigen detection in dogs. 
Veterinary Parasitology 283, 109163. 
https://doi.org/10.1016/j.vetpar.2020.109163 

Capelli, G., Genchi, C., Baneth, G., Bourdeau, P., 
Brianti, E., Cardoso, L., Danesi, P., Fuehrer, H.-
P., Giannelli, A., Ionică, A.M., Maia, C., Modrý, 
D., Montarsi, F., Krücken, J., Papadopoulos, E., 
Petrić, D., Pfeffer, M., Savić, S., Otranto, D., 
Poppert, S., Silaghi, C., 2018 - Recent advances 
on Dirofilaria repens in dogs and humans in 
Europe. Parasites Vectors 11, 663.  
https://doi.org/10.1186/s13071-018-3205-x 

Cimpan, A.A., Baneth, G., Nachum-Biala, Y., Miron, L., 
Rojas, A., 2022 - Dirofilaria repens predominates 
in shelter dogs from South Romania. Comparative 
Immunology, Microbiology and Infectious 
Diseases 84, 101793. 
https://doi.org/10.1016/j.cimid.2022.101793 

Ciucă, L., Genchi, M., Kramer, L., Mangia, C., Miron, 
L.D., Prete, L.D., Maurelli, M.P., Cringoli, G., 
Rinaldi, L., 2016 - Heat treatment of serum 
samples from stray dogs naturally exposed to 
Dirofilaria immitis and Dirofilaria repens in 
Romania. Veterinary Parasitology 225, 81–85. 
https://doi.org/10.1016/j.vetpar.2016.05.032 

Ciucă, Lavinia, Roman, C., Prisco, F., Miron, L., 
Acatrinei, D., Paciello, O., Maurelli, M.P., 
Vismarra, A., Cringoli, G., Rinaldi, L., 2020 - 
First report of Dirofilaria repens infection in a 
microfilaraemic cat from Romania. Veterinary 
Parasitology: Regional Studies and Reports 22, 
100497. 
https://doi.org/10.1016/j.vprsr.2020.100497 

Ciucă, L., Simòn, F., Rinaldi, L., Kramer, L., Genchi, 
M., Cringoli, G., Acatrinei, D., Miron, L., 
Morchon, R., 2018 - Seroepidemiological survey 
of human exposure to Dirofilaria spp. in Romania 

60

https://doi.org/10.2478/fv-2020-0029
https://doi.org/10.1016/j.vetpar.2020.109163
https://doi.org/10.1186/s13071-018-3205-x
https://doi.org/10.1016/j.cimid.2022.101793
https://doi.org/10.1016/j.vetpar.2016.05.032
https://doi.org/10.1016/j.vprsr.2020.100497


University of Life Science (IULS) 

 

and Moldova. Acta Tropica 187, 169–174. 
https://doi.org/10.1016/j.actatropica.2018.07.012 

Ciucă, L., Vismarra, A., Lebon, W., Beugnet, F., 
Morchon, R., Rinaldi, L., Cringoli, G., Kramer, 
L., Genchi, M., 2020 - New insights into the 
biology, diagnosis and immune response to 
Dirofilaria repens in the canine host. Veterinary 
Parasitology 277, 100029. 
https://doi.org/10.1016/j.vpoa.2020.100029 

Ciucă, L., Musella, V., Miron, L.D., Maurelli, M.P., 
Cringoli, G., Bosco, A., Rinaldi, L., 2016 - 
Geographic distribution of canine heartworm 
(Dirofilaria immitis) infection in stray dogs of 
eastern Romania. Geospatial Health 11. 
https://doi.org/10.4081/gh.2016.499 

Courtney, C.H., Zeng, Q.-Y., 2001 - Comparison of 
heartworm antigen test kit performance in dogs 
having low heartworm burdens. Veterinary 
Parasitology 96, 317–322. 
https://doi.org/10.1016/S0304-4017(01)00374-0 

Fan, C.-K., Su, K.-E., Lin, Y.-H., Liao, C.-W., Du, W.-Y., 
Chiou, H.-Y., 2001 - Seroepidemiologic survey of 
Dirofilaria immitis infection among domestic dogs 
in Taipei City and mountain aboriginal districts in 
Taiwan (1998–1999). Veterinary Parasitology 102, 
113–120.  
https://doi.org/10.1016/S0304-4017(01)00511-8 

Genchi, C., Bowman, D., Drake, J., 2014 - Canine 
heartworm disease (Dirofilaria immitis) in Western 
Europe: survey of veterinary awareness and 
perceptions. Parasit Vectors 7, 206. 
https://doi.org/10.1186/1756-3305-7-206 

Genchi, C., Kramer, L.H., 2020 - The prevalence of 
Dirofilaria immitis and D. repens in the Old World. 
Veterinary Parasitology 280, 108995. 
https://doi.org/10.1016/j.vetpar.2019.108995 

Genchi, C., Rinaldi, L., Cringoli, G., 2007 - Dirofilaria 
immitis and D. repens in dog and cat and human 
infections. Veterinary Parasitology and Parasitic 
Diseases, Dept. of Pathology and Animal Health, 
Faculty of Veterinary Medicine, University of 
Naples Federico II, Naples. 

Genchi, C., Rinaldi, L., Mortarino, M., Genchi, M., 
Cringoli, G., 2009 - Climate and Dirofilaria 
infection in Europe. Veterinary Parasitology 163, 
286–292. 
https://doi.org/10.1016/j.vetpar.2009.03.026 

Gioia, G., Lecová, L., Genchi, M., Ferri, E., Genchi, C., 
Mortarino, M., 2010 - Highly sensitive multiplex 
PCR for simultaneous detection and 
discrimination of Dirofilaria immitis and Dirofilaria 
repens in canine peripheral blood. Veterinary 
Parasitology 172, 160–163. 
https://doi.org/10.1016/j.vetpar.2010.04.027 

Hamel, D., Silaghi, C., Lescai, D., Pfister, K., 2012 - 
Epidemiological aspects on vector-borne 
infections in stray and pet dogs from Romania and 
Hungary with focus on Babesia spp. Parasitol Res 
110, 1537–1545. https://doi.org/10.1007/s00436-
011-2659-y 

Hess, J.A., Eberhard, M.L., Segura-Lepe, M., 
Grundner-Culemann, K., Kracher, B., Shryock, 
J., Harrington, J., Abraham, D., 2023 - A rodent 
model for Dirofilaria immitis, canine heartworm: 
parasite growth, development, and drug sensitivity 
in NSG mice. Sci Rep 13, 976. 
https://doi.org/10.1038/s41598-023-27537-z 

Ionică, A.M., Deak, G., Boncea, R., Gherman, C.M., 
Mihalca, A.D., 2022 - The European Badger as a 
New Host for Dirofilaria immitis and an Update on 

the Distribution of the Heartworm in Wild 
Carnivores from Romania. Pathogens 11, 420. 
https://doi.org/10.3390/pathogens11040420 

Ionică, A.M., Matei, I.A., D’Amico, G., Ababii, J., 
Daskalaki, A.A., Sándor, A.D., Enache, D.V., 
Gherman, C.M., Mihalca, A.D., 2017a - Filarioid 
infections in wild carnivores: a multispecies survey 
in Romania. Parasites Vectors 10, 332. 
https://doi.org/10.1186/s13071-017-2269-3 

Ionică, A.M., Matei, I.A., D’Amico, G., Bel, L.V., 
Dumitrache, M.O., Modrý, D., Mihalca, A.D., 
2017b - Dirofilaria immitis and D. repens show 
circadian co-periodicity in naturally co-infected 
dogs. Parasites Vectors 10, 116. 
https://doi.org/10.1186/s13071-017-2055-2 

Ionică, A.M., Matei, I.A., D’Amico, G., Daskalaki, A.A., 
Juránková, J., Ionescu, D.T., Mihalca, A.D., 
Modrý, D., Gherman, C.M., 2016 - Role of golden 
jackals (Canis aureus) as natural reservoirs of 
Dirofilaria spp. in Romania. Parasites & Vectors 9, 
240. https://doi.org/10.1186/s13071-016-1524-3 

Ionică, A.M., Matei, I.A., Mircean, V., Dumitrache, M.O., 
D’Amico, G., Győrke, A., Pantchev, N., 
Annoscia, G., Albrechtová, K., Otranto, D., 
Modrý, D., Mihalca, A.D., 2015 - Current surveys 
on the prevalence and distribution of Dirofilaria 
spp. and Acanthocheilonema reconditum 
infections in dogs in Romania. Parasitol Res 114, 
975–982. https://doi.org/10.1007/s00436-014-
4263-4 

Laidoudi, Y., Davoust, B., Varloud, M., Niang, E.H.A., 
Fenollar, F., Mediannikov, O., 2020 - 
Development of a multiplex qPCR-based 
approach for the diagnosis of Dirofilaria immitis, D. 
repens and Acanthocheilonema reconditum. 
Parasites & Vectors 13, 319. 
https://doi.org/10.1186/s13071-020-04185-0 

Laidoudi, Y., Ringot, D., Watier-Grillot, S., Davoust, B., 
Mediannikov, O., 2019 - A cardiac and 
subcutaneous canine dirofilariosis outbreak in a 
kennel in central France. Parasite 26, 72. 
https://doi.org/10.1051/parasite/2019073 

Little, S., Saleh, M., Wohltjen, M., Nagamori, Y., 2018 - 
Prime detection of Dirofilaria immitis: 
understanding the influence of blocked antigen on 
heartworm test performance. Parasites Vectors 
11, 186.  
https://doi.org/10.1186/s13071-018-2736-5 

Magnis, J., Lorentz, S., Guardone, L., Grimm, F., Magi, 
M., Naucke, T.J., Deplazes, P., 2013 - 
Morphometric analyses of canine blood 
microfilariae isolated by the Knott’s test enables 
Dirofilaria immitis and D. repens species-specific 
and Acanthocheilonema (syn. Dipetalonema) 
genus-specific diagnosis. Parasites Vectors 6, 48.  
https://doi.org/10.1186/1756-3305-6-48 

Mirahmadi, H., Maleki, A., Hasanzadeh, R., Ahoo, 
M.B., Mobedi, I., Rostami, A., 2017 - Ocular 
dirofilariasis by Dirofilaria immitis in a child in Iran: 
A case report and review of the literature. 
Parasitology International 66, 978–981. 
https://doi.org/10.1016/j.parint.2016.10.022 

Mircean, M., Ionică, A.M., Mircean, V., Györke, A., 
Codea, A.R., Tăbăran, F.A., Taulescu, M., 
Dumitrache, M.O., 2017 - Clinical and 
pathological effects of Dirofilaria repens and 
Dirofilaria immitis in a dog with a natural co-
infection. Parasitology International 66, 331–334. 
https://doi.org/10.1016/j.parint.2017.02.003 

61

https://doi.org/10.1016/j.actatropica.2018.07.012
https://doi.org/10.1016/j.vpoa.2020.100029
https://doi.org/10.4081/gh.2016.499
https://doi.org/10.1016/S0304-4017(01)00374-0
https://doi.org/10.1016/S0304-4017(01)00511-8
https://doi.org/10.1186/1756-3305-7-206
https://doi.org/10.1016/j.vetpar.2019.108995
https://doi.org/10.1016/j.vetpar.2009.03.026
https://doi.org/10.1016/j.vetpar.2010.04.027
https://doi.org/10.1007/s00436-011-2659-y
https://doi.org/10.1007/s00436-011-2659-y
https://doi.org/10.1038/s41598-023-27537-z
https://doi.org/10.3390/pathogens11040420
https://doi.org/10.1186/s13071-017-2269-3
https://doi.org/10.1186/s13071-017-2055-2
https://doi.org/10.1186/s13071-016-1524-3
https://doi.org/10.1007/s00436-014-4263-4
https://doi.org/10.1007/s00436-014-4263-4
https://doi.org/10.1186/s13071-020-04185-0
https://doi.org/10.1051/parasite/2019073
https://doi.org/10.1186/s13071-018-2736-5
https://doi.org/10.1186/1756-3305-6-48
https://doi.org/10.1016/j.parint.2016.10.022
https://doi.org/10.1016/j.parint.2017.02.003


Scientific Papers Journal – vol. 65 no 4/2022, VETERINARY SERIES 

Otranto, D., Dantas-Torres, F., Brianti, E., Traversa, 
D., Petrić, D., Genchi, C., Capelli, G., 2013 - 
Vector-borne helminths of dogs and humans in 
Europe. Parasites Vectors 6, 16. 
https://doi.org/10.1186/1756-3305-6-16 

Panarese, R., Iatta, R., Mendoza-Roldan, J.A., 
Szlosek, D., Braff, J., Liu, J., Beugnet, F., 
Dantas-Torres, F., Beall, M.J., Otranto, D., 2020 
- Comparison of Diagnostic Tools for the Detection 
of Dirofilaria immitis Infection in Dogs. Pathogens 
9, 499. https://doi.org/10.3390/pathogens9060499 

Pantchev, N., Norden, N., Lorentzen, L., Rossi, M., 
Rossi, U., Brand, B., Dyachenko, V., 2009 - 
Current Surveys on the Prevalence and 
Distribution of Dirofilaria spp. in Dogs in Germany. 
Parasitol Res 105, 63–74. 
https://doi.org/10.1007/s00436-009-1497-7 

Rojas, A., Rojas, D., Montenegro, V.M., Baneth, G., 
2015 - Detection of Dirofilaria immitis and other 
arthropod-borne filarioids by an HRM real-time 
qPCR, blood-concentrating techniques and a 
serological assay in dogs from Costa Rica. 
Parasites Vectors 8, 170. 
https://doi.org/10.1186/s13071-015-0783-8 

Sassnau, R., Daugschies, A., Lendner, M., Genchi, C., 
2014 - Climate suitability for the transmission of 
Dirofilaria immitis and D. repens in Germany. 
Veterinary Parasitology 205, 239–245. 
https://doi.org/10.1016/j.vetpar.2014.06.034 

Schnyder, M., Deplazes, P., 2012 - Cross-reactions of 
sera from dogs infected with Angiostrongylus 
vasorum in commercially available Dirofilaria 
immitis test kits. Parasites Vectors 5, 258. 
https://doi.org/10.1186/1756-3305-5-258 

Sonnberger, K., Duscher, G.G., Fuehrer, H.-P., 
Leschnik, M., 2020 - Current trends in canine 
dirofilariosis in Austria—do we face a pre-endemic 
status? Parasitol Res 119, 1001–1009. 
https://doi.org/10.1007/s00436-019-06576-4 

Tomazatos, A., Cadar, D., Török, E., Maranda, I., 
Horváth, C., Keresztes, L., Spinu, M., Jansen, 
S., Jöst, H., Schmidt-Chanasit, J., Tannich, E., 
Lühken, R., 2018 - Circulation of Dirofilaria immitis 
and Dirofilaria repens in the Danube Delta 
Biosphere Reserve, Romania. Parasites Vectors 
11, 392.  
https://doi.org/10.1186/s13071-018-2980-8 

 
 
 

62

https://doi.org/10.1186/1756-3305-6-16
https://doi.org/10.3390/pathogens9060499
https://doi.org/10.1007/s00436-009-1497-7
https://doi.org/10.1186/s13071-015-0783-8
https://doi.org/10.1016/j.vetpar.2014.06.034
https://doi.org/10.1186/1756-3305-5-258
https://doi.org/10.1007/s00436-019-06576-4
https://doi.org/10.1186/s13071-018-2980-8



