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1. INTRODUCTION 

Canine heartworm d������ caused by Dirofilaria immitis is a widespread and emerging 

parasitosis of dogs in Europe and in other parts of the world. In Hungary the first autochtho-

nous infection was reported in 2009. Since that time the number of infected animals has been 

increasing in many parts of the country. The reliable diagnosis is very important to the veteri-

nary community and pet owners, because the parasite can cause severe cardiopulmonary dis-

ease, occasionally even with fatal outcome.  

The accurate diagnosis is especially essential in Hungary as well as those countries, 

where the other Dirofilaria species, e.g. Dirofilaria repens, is also present, because it is not 

easy to diagnose in practice whether one or both Dirofilaria species causes the infection of 

dogs. 

F������� �	
����
	 �	 d
�� ��	 �� d���	
��d at species level if the microfilariae are pre-

��	� in blood samples and these larvae are identified based on their morphology. The gold 

standard of filarial detection is the modified Knott’s test, which relies on the observer’s exper-

tise and ability to identify the species of microfilariae concentrated from blood samples, but 

this method is often unreliable. This test is positive in less than 20% of infected dogs, in areas 

where the prevalence of heartworm infection is high. The most often used and preferred 

methods for detecting D. immitis infection in dogs are immunodiagnostics, using different 

marketed tests for detecting the antigen of only female worms. T���� ����s of serological tests 

are easy to perform, practical and quick. Another benefit to the antigen tests is that the occult 

infections can also be detected with them. 

T���� �� ����� ����������� ���� ��� sensitivity and specificity of the heartworm antigen 

���� used in practise. These tests give false negative results during the prepatent period of 

��i� ��!�" T�� #$� �, in-house serological tests also give negative results if one-two female 

�!�w� or only male worms are present in the dog. According to the manufacture the 

�s� �i� ��� !i ��� ����� �� ��w!�� %&&'" (!�����) ����� ����� ���� ���� �����!s�� i!�

���� ���� ��� ������� !i D. immitis and there has been no reliable information whether these 

������� ����� ����  �!��-reaction against circulating antigens of other filarial nematodes such 

�� D. repens. Concerning the detection of D. repens antigens no test has been available. 

T�� purpose of this study was to compare the efficacy of four commercialized D. 

*++*,*- antigen test kits using sera samples of naturally infected dogs with D. immitis or D. 

r./.0- or both species.  
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2. LITERATURE REVIEW 

2.1 BIOLOGY OF DIROFILARIA IMMITIS 

2.1.1 Taxonomy and morphology 

 

Dirofilaria immitis, commonly known as canine heartworm, belongs to the Family On-

chocercidae, within the phylum Nematoda (Klotschko and Wallace, 2010). Since heartworm 

was first identified in 1856 by Dr. Leidy, numerous species have been discovered (Boreham 

and Atwell, 1988). The genus Dirofilaria consists of 27 apparently valid species and 15 spe-

cies of questionable validity (Dantas-Torres and Otranto, 2013).  

Nematodes of the genus Dirofilaria are elongated and thin with round anterior extremity 

and rudimentary buccal capsule without lips and small cephalic papillae. A1345 67895:;9<=

vary in length. Adult females of Dirofilaria immitis are approximately 25-30 cm, males are 

shorter, about 10-15 cm long in 567>9 n853984 6;=5= (S?@BC et al., 2012). Both males and fe-

males have a diameter of approximately D <m (AHS, 2014). 

2.1.2 Life cycle  
 

The life cycle of D. immitis is indirect (Figure 1).  

 

 Figure 1: The life cycle of Dirofilaria immitis (Kotani and Powers, 1982) 

 

EGH IJKHLMHNIOKH GPQKQ OLH MPQRUIKPHQ PV KGH VOMIWX Culicidae (e.g. Anopheles, Aedi-

mYrphus, Aedes, Culex, Coquillettidia, and Mansonia spp.). In Europe Aedes vexans, Culex 

pZpZ[\] pipiens, and Aedes albopictus are the most common vectors (Anderson, 1992; Simón 
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e^ _`ab cfgc). The female mosquitoes become infected with microfilariae (L1) feeding on in-

fected animals. The infective third stage larvae (L3) which are about 1300 mm in length 

(Anderson, 1992) develop in the Malpighian tubules of mosquitoes within 1-2 weeks or long 

time depending on the temperature of environment (AHS, 2014). If the temperature drops 

below 14oC, the development of the larva stops and in some cases it dies (Genchi et al., 2010; 

Morchón et al., 2012). In some mosquito species the larvae develop faster than in other spe-

cies (Simón et al., 2012). The migration of the L1 to the Malpighian tubules and the L3 to the 

mouthparts increase the chance of death of the mosquito (Anderson, 1992). 

The development of D. immitis in the definitive host was first studied by introducing in-

fective larvae under the skin of dogs, extracted from experimentally infested mosquitoes 

(Kume and Itagaki, 1955). The L3 gets into the dog through the wound caused by infected 

mosquito.After approximately 3-4 days L3 moults to L4 in subcutaneous tissues where it 

stays about 21 days after infection, afterwards it migrates to the abdomen and the thorax of 

the dog (Kotani and Powers, 1982). Within 50-68 days post infection a final moult occurs and 

the worms are now immature adults (L5). Final maturation and mating takes place in the right 

ventricle and pulmonary arteries, with the life cycle completed when the female releases mi-

crofilariae into the bloodstream (McCall et al., 2008; AHS, 2014). The lifetime of adult 

heartworms in dogs is about 5 years. The eventual location of the mature adult worms appears 

to depend mainly on the size of the dog and the worm burden. 

Under optimum conditions, the life cycle takes place in 184-210 days. Microfilaremia 

of the canine host occurs 6-7 months post infection. Microfilariae are unsheathed and circu-

late in the vascular system. Their concentration in blood varies over a 24-hour period and sea-

sonally.  The peaks of greatest number in the peripheral blood are during summer months and 

evening hours (McCall et al., 2008). 

2.1.3 Host diversity 

The definitive hosts of D. immitis include canids such as domestic dogs, wolves (Canis 

lupus), coyotes (Canis latrans), and red foxes (Vulpes vulpes). Adult worms have also been 

recovered from domestic cats (Felis catus), ferrets (Mustela putorius), and sea lions (Zalo-

hjkl californicus) (Morchón et al., 2012). Cats are also susceptible to infection with D. im-

oqtql, but are not competent hosts. A few D. immitis larvae can mature to adulthood in the 

uvxyyuz{ |u{ }~�{� v�{ {}x� uyx yuyx�� uv�x {~ yx�y~��|x uz� �~ z~{ �y~��|x �����|�xz{ ��|y~���

�uyx�aie to infect mosquitoes (Genchi et al., 2008). Despite the low parasite load, infected 

|u{� |uz �x�x�~� }xuy{�~y�-associated respiratory disease, a serious condition caused by the 
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��������� �� ������ ������� ��� ����� �Anderson, 1992; AHS, 2014). Migration of the larvae 

���������� ��� ��� ���� ������� �� ������ ����� �Genchi et al., 2008). Humans can be also in-

fected from vectors. Several human cases have been reported in Americas, Australia and Ja-

pan (Morchón et al., 2009; Genchi et al., 2011). 

 

2.2 GEOGRAPHICAL DISTRIBUTION OF DIROFILARIA IMMITIS 

Heartworm can be found throughout the world, as can be seen in Figure 2. 

 

 
Figure 2: World distribution of Dirofilaria immitis and D.repens in 2012; Blue, D. immitis 

infections; green, D. repens infections; orange, presence of both species  

(Simón et al., 2012) 

 

In the United States, cardiopulmonary dirofilariasis has been found throughout all 50 

states, including Alaska - is endemic to 49 of them, but the proportion of infected dogs from 

state to state varies from 1% to 12%. The reported mean prevalence rate is 0.24% in dogs 

across Canada. However, prevalences in cold areas can reach up to 8.4%, such as in southern 

Ontario (Simón et al., 2012). 

In Eastern Europe the extent of infestation in dogs is: 13.4% in Slovakia, 7.4% in Bul-

garia, 9.1% in the Czech Republic and 24.1% in Ukraine. In Croatia and Serbia several stud-

ies have demonstrated the presence of D. immitis. Heartworm disease was detected in 35.0% 

of the dogs in Romania (Genchi et al., 2014). 
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During the last 14 years a rapid expansion of the parasitosis has been observed in cen-

tral and northern countries of Europe (Morchón et al., 2012). Hungary is currently considered 

as endemic country for heartworm (Fok, 2007). 

The reasons believed for this northern spread is an increase in the movement of dogs 

from endemic states to nonendemic states and a decrease in the use of pesticides to control 

mosquito populations because of their effects on the environment and animals (Selby et al., 

1980; Genchi et al., 2011). Another possible cause of spreading is the global warming, which 

influences the spreading of hematophagous arthropods acting as vectors of different parasitic 

infections, such as dirofilariosis (Genchi et al., 2010). The increasing temperature facilitates 

the reproduction of vectors and parasites by rising the number of days suitable for their devel-

opment (Morchón et al., 2012). The change in distribution of heartworm on the European con-

tinent can be seen in Figure 3. 

 

�� ¡¢£ 3: ¤¥¦§¨¢�©¥ª ¥«  £ographical distribution of heartworm disease in dogs  

in Europe. Endemic areas are red colour. Sporadic cases are pink colour 

(Morchón et al., 2012) 

 

¬­®¯°±²¯³ disease of dogs has become an increasing problem in Hungary too. Until 

´µµµ only imported cases were reported (Boros et al., 1982; Vörös et al., 2000).  

The first autochthonous case of D. immitis infection was reported in 2009, suggesting 

that endemic circulation takes place (Jacsó et al., 2009). The 4 year-old, male Hungarian Vizs-

la dog had ever been abroad and was referred with poor general condition. It was from a local 

breeder from one of the eastern counties, namely Jász- Nagykun-Szolnok. Since that time, 

Hungary is considered to be a heartworm endemic country¶ ·¸ °¹­ ±®¯³­º° ¯­»¼²¸ ²½ ¬¾¸»®¯¿

autochthonous D. immitis infections of red foxes (Vulpes vulpes), and golden jackals (Canis 
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aureus) was also reported (Tolnai et al., 2014). Mosquitoes collected in the southern parts of 

the country carried D. immitis at a higher rate then D. repens (Fok, 2007).  

The presence of D. repens in Hungary has been first reported in a dog in 1998 (Széll et 

al., 1999). Nationwide studies were carried out in 2006 to investigate dirofilariosis of dogs 

caused by D. repens. The prevalence of this nematode infection was approximately 14%. Lo-

cal prevalence under suitable environmental conditions (humid areas, presence of suitable 

carriers) was as high as 30% (Genchi et al., 2011). Recently, findings indicate that D. repens 

is present in all regions of country but unevenly distributed (Fok, 2007; Fok et al., 2007). Epi-

demiological survey conducted by Fok Eva and her co-workers in 2009 showed that most 

checked animals were positive (293/1610/18.2% of dogs and 3/67/4.5% of cats) were found 

on the watershed of the Danube and Tisza River (Fok, Jacsó, 2009). 

2.3 DIAGNOSIS OF CANINE HEARTWORM INFECTION  

The diagnosis of dirofilariosis poses problems in the countries where D. immitis and D. 

repens are present. It is very important to know the species that caused the infection for treat-

ing properly the infected dogs (McCall et al., 2008; Bowman and Atkins, 2009). The demand 

for simple, rapid and reliable techniques has increased considerably where both Dirofilaria 

species occur. 

ÀÁÂÃÄÅÆÃÇ infection in live dogs can be diagnosed with detection of microfilariae, im-

ÇÈÉÊËÂÌÉÆÍÄËÎ methods to detect the antigen of female worms and to detect the DNA of the 

ÏÂÃÂÍËÄÁ ÅËÄÐ ÇÆÑÁÎÈÑÂÃ ÒËÆÑÆÌËÎÂÑ ÇÁÄÐÆÊÍÓ 

ÔÕÖÕ× Detection of microfilariae 

The first stage larvae, called microfilariae, of D. immitis ÎÂÉ ÒÁ observed under a light 

microscope in a drop of blood sample of infected dogs if there are many of them. This simple 

method is a quick, non-concentration test for detecting microfilariae. If there are only very 

few microfilariae in the sample they have to be concentrated with modified Knott test (Genchi 

et al., 2005) which was first described in 1939. When microfilariae are found, the species 

must be identified, since this test is not species specific (AHS, 2014). Knott test has been the 

gold standard diagnostic method for heartworm infection. Various filter techniques, including 

the millipore and nucleopore kit methods also give unreliable results, differentiating the mi-

crofilariae less accurately. Multiple sampling significantly increases the likelihood of a diag-

nosis (AHS, 2014).  
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In the occult heartworm infection, which occurs in 20% of the cases, no microfilariae 

are found in the dog's blood (AHS, 2014). Occult infections are dangerous because the dog 

will not receive appropriate care and thus may contribute to the further transmission of the 

parasite. Therefore, the Knott’s technique is not recommended as a stand alone diagnostic test 

for D. immitis (AHS, 2014). Moreover, microfilariae have a general diurnal periodicity, being 

most numerous in the blood stream during the early morning and late evening (Rhee et al., 

1998; Hawking, 1967). In temperate climates there is a distinct seasonal periodicity. The mi-

crofilaremia is reduced during the winter (Boreham and Atwell, 1988; Anderson, 1992). Thus, 

periodic fluctuations are likely to result in a false-negative diagnosis of heartworm infection 

(Boreham and Atwell, 1988). Again, the sensitivity of tests for microfilariae is not therefore 

considered sufficient to rule out the infection in case of a negative result.The other reasons for 

false negative results in using microfilaria concentration techniques also include inadequate 

sample size and the host's immunity prior to therapy (Anderson, 1992). 

Species can also be defined by the histochemical staining of anatomical regions with 

phosphatase activity (Chalifoux and Hunt, 1971). D. immitis microfilariae harbour two phos-

phatase activity zones near the anal and excretory pores, whereas D. repens has only one near 

the anal pore. Dipetalonema reconditum stains over the entire microfilariae. Figure 4 shows 

Dirofilaria immitis, D. reconditum, D. repens with evidence of enzyme activity. 
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Figure 4: A: Dirofilaria immitis with evidence of enzyme activity in areas of excretory 

pore and anal pore (arrows) B: D. reconditum with evidence of uniform enzyme activity 
throughout the entire body, especially between the excretory (E) and anal pores (An). C: 

D. repens microfilaria showing acid phosphatase activity at one anal pore (An) 
(Chalifoux and Hunt, 1971; Ravindran, et al., 2014) 
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2.3.2 Immundiagnostics methods 

ÛÜÝ Þßàá ßâáÝã äàÝå æãå çèÝâÝèèÝå diagnostic methods of D. immitis detection are 

éÞÞäãßåéæêãßàáéëàì Currently antigen testing is recommended by the American Heartworm 

íßëéÝáî âßè çèéÞæèî àëèÝÝãéãê æãå ëßãâéèÞæáéßã ßâ heartworm infection in dogs (AHM, 2014). 

ÛÜÝèÝ æèÝ ÞßèÝ áÜæã Üæïâ æ åßðÝã ëßÞÞÝèëéæïïî æñæéïæòïÝ æãáéêÝã áÝàá óéáà âßè ÜÝæèáôßèÞ

åéæêãßàéà éã åßêàì The antigen tests were designed to determine the presence of the antigen 

ÝõçèÝààÝå òî D. immitis; Aspartyl Protease Inhibitor Homologue (PDi33 antigen) which is 

èÝçßèáÝå áß òÝ çèÝàÝãá éã æïï ÜÝæèáôßèÞ àáæêÝà ßâ áÜÝ ÞæÞÞæïéæã Üßàá ö÷øùú ûüú ûýú æåäïá

ÞæïÝ æãå âÝÞæïÝþ æãå çèéÞæèéïî èÝïÝæàÝå òî ÞæáäèÝ àtages of heartworms in vitro (Frank et al., 

ÿ11�). Antigen testing is not an absolute test and also has limitations.  

The technologies employed by these tests include immunochromatography and Enzyme 

Linked Immunosorbent Assay (ELISA). Both technologies have the advantage of allowing 

diagnosis to be carried out using blood samples collected at any time of day (Knight and Lok, 

1998). 

These tests use a purified somatic antigen to detect antibody to D. immitis and titers 

equal to or greater than 1:16 are considered to be positive. Postinfection, dogs become anti-

body positive as early as 5-7 months (Goodwin, 1998). Levels of antibody were subsequently 

found to not correlate with heartworm presence or infection severity. Problems stem from the 

variable production of antibody directed against the adult heartworms, developmental stage of 

the heartworms, and host-parasite interactions affecting the host's immunologic response 

(Hamilton and Scott, 1984). Dogs receiving corticosteroids may also have decreased levels of 

anti-Dirofilaria antibody (Goodwin, 1998). 

AãáéêÝã-capture ELISA methods are more sensitive and less prone to false-positive and 

âæïàÝ-negative results than other immunoassays (Goodwin, 1998). The sensitivity and 

àçÝëéâéëéáî ßâ éã-clinic ELISA assays for detecting D. immitis antigen were 98.9% and 99.3%, 

èÝàçÝëáéñÝïî éã one study (Courtney, 2001), and 99.2% and 100%, respectively, in another 

öMcCall, et al., 2001).  

Immunochromatographic strip tests are lateral flow immunoassays (LFIA) used to de-

tect the presence of an antigen using specifically labelled capture molecule, antibody (34). 

There are two types of immunochromatographic strip tests, sandwich and competitive (inhibi-

tion) formats. The sandwich format is used to detect target analytes with multiple epitopes, 

while the competitive format is used when the target has only one epitope (Goodwin, 1998).  

AåñæãáæêÝà ßâ éÞÞäãßëÜèßÞæáßêèæçÜéë àáèéç áÝàáà éãëïäåÝ áÜÝ ÝæàÝ ßâ äàÝú èæçéå áéÞÝ áß èÝ�

àäïáàú ïßô ëßàá èÝïæáéñÝ áß ßáÜÝè àáæãåæèå áÝàáà ôéáÜ ïéááïÝ ßè ãß ÝsäéçÞÝãá ßè áÝëÜãéëæï áèæéãéãê
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���t�� �� �	��tive (Courtney and Cornell, 1990; Ranjbar-Bahadori et al., 2007).  

Immunochromatographic strip tests have several disadvantages. The sensitivity of these 

tests is normally lower compared to other conventional techniques like PCR (Favia, et al, 

1996; Ranjbar-Bahadori et al., 2007). They do not give quantitative results; there is decreased 

precision and limited sensitivity due to imprecise sample volumes; it can usually only test for 

one analyte, membrane pores can get blocked, and pre-treatment of non-fluid sample is neces-

sary (Favia, et al, 1996; Trumpie et al., 2009). Problems can occur if only male worms are 

present in dogs (Atkins, 2003). If only a few female worms are mature and producing antigen 

then the levels in the blood may not be high enough to be detected by the test (Atkins, 2003). 

In addition, D. immitis antigen does not appear in the blood of infected dogs until 6 to 9 

months after infection (Frank et al. 2001). Therefore, a positive test for heartworm often indi-

cates an infection acquired sometime during the previous year. 
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�	�itive in 31–50% of the dogs (Schnyder and Deplazes, 2012.). Another assay (DiroCHEK® 

!#�E�� Synbiotics, San Diego, CA) gave positive reaction. These results showed that 

��r	
	����
 �r	��-reactivity exists between D. immitis and A. vasorum antigens, when using 

�	���r���
 ��-clinic assays and it decreases the specificity of assays for the detecting D. 
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+,,+-+. infections in dogs in areas endemic for both nematodes, especially in Europe 

/Schnyder and Deplazes, 2012). 

T02 3455263789 7:-clinic serological tests for detecting D. immitis antigens were 

2;89<8=2> ?46 364@@-reactions with Spirocerca lupi, demonstrating occasional serological 

364ss-reactivity (Aroch et al., 2015). 

2.3.3 Molecular biological methods 

Currently, the random amplification of polymorphic DNA (RAPD) showed that differ-

ences can be observed between the DNA of both D. repens and D. immitis infective larvae 

(Favia, et al, 1996). On the basis of published sequences of D. immitis and D. repens DNA 

(Favia, et al, 1996), specific primers have been designed (Latrofa et al. 2012). This technique, 

when applied to microfilariae, demonstrated very high sensitivity and specificity. In fact, even 

a single microfilaria is successfully amplified. Moreover, each species is always detected, 

even when microfilariae of other species are mixed, independently of their relative ratio 

(Genchi et al., 2005), meaning that even minimal amounts of sample material can be useful 

for a reliable diagnosis.  

I: 8>>7=74:B ?urther pan-filarial primers for the diagnosis of multiple infections have 

been recently designed; this permitted a single PCR reaction to differentiate between D. im-

mitis and five other filariae found in dogs (Rishniw et al., 2006).  

M<9=7C92D PCR carried out by adding both pairs of primers in a single reaction mixture 

?46 simultaneous detection of D. repens and D. immitis in the same blood sample is currently 

8CC9738a92 (Gioia, et al., 2010). This is of interest in coutries of Europe, where the two species 

342D7@=c 

F@ ?46 7=@ 8CC9738=74: 7: ;26=2a68=2 04@=@B =02 GJK-based approach may finally be used 

?46 the identification of D. repens and D. immitis developing stages in invertebrate hosts, i.e. 

7: 54@L<7=42@ (Latrofa, et al., 2012). The developed DNA diagnostics may be successfully 

8CC972> 89@4 ?46 >2=2657:7:N =02 54@L<7=4 @C2372@ =08= 83= 8@ ;23=46@ ?46 D. immitis and/or for 

OP QRSRU. and the infection/ infectivity rates of mosquitoes. PCR limitations lie in that it 

62L<762@ 57364?798678 7: =02 @85C92B 7@ difficult to perform and time-comsuming procedures. 
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3. MATERIALS AND METHODS 

3.1 ANIMALS, SAMPLE COLLECTION AND STORAGE 

In 2014 and 2015, blood samples from domestic dogs kept in different counties of Hun-

gary were subjected to this study to examine their Dirofilaria infection. Sera were separated 

from blood samples collected in tubes without anticoagulant, and were used for serological 

studies. 

3.2 METHODS 

3.2.1 Modified Knott`s method 

Modified Knott’s method was performed as described by Genchi et al. (2005) with the 

following modifications. Briefly, 1.0 mL of EDTA blood was added to 9.0 ml of distillated 

water, mixed by inversion and centrifuged at 3000 g for 5 minutes. The supernatant was dis-

carded. The sediment was mixed with 35 μl of saponin and 35 μl of 0.1% methylene 

blue.Then 20 μl of this mixture were observed by a light microscope at 100× magnification. 

No morphometric distinction of microfilariae was made. 

3.2.2 PCR (polymerase chain reaction)  

Two different conventional PCR methods were performed simultaneously for each 

sample. The first is a highly sensitive multiplex PCR reaction for D.immitis and D.repens, 

using equimolar combination of general and species-specific primers in the single tube 

reaction, designed on the 12S rDNA region. General primers are 5’- 

GTTCCAGAATAATCGGCTA - 3’ – forward, 5’- ATTGACGGATG(AG)TTTGTACC -3’ – 

reverse, and species specific forward for D. immitis: 5’- TTTTTACTTTTTTGGTAATG – 3’ 

and a specific reverse primer for D. repens 5’ – AAAAGCAACACAAATAA(CA)A – 3’ 

(Gioia et al., 2010). 

Another conventional PCR reaction only for the D.immitis was used to amplify a fragment of 

the 16S rRNA gene. The primers designed for this reaction are:  

5’–GCATCTTAGAACTTGGTCCATCC–3’ (forward) and 

5’ – CAAAGGCGTATTTACCGCCAC – 3’ (reverse) (Liu et al., 2005).  

Amplification products from both reactions were run on 1.5% ethidium-bromide stained 

agarose gel followed by UV-visualization. The positive products were sequenced, the obtained 

sequences were used to search for homologies using BLAST program in NCBI Nucleotide 

Database.  
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VWXWV Serological studies 

Based on the results of PCR the following sera were tested:  

Group A: sera samples of 15 dogs infected with Dirofilaria immitis 

Group B: sera samples of 15 dogs infected with Dirofilaria repens  

Group C: sera samples of 15 dogs infected with Dirofilaria immitis and Dirofilaria repens 

Group D: sera samples of 15 dogs without Dirofilaria infection.  

 

The following commercialized tests were evaluated: 

 

WITNESS®DIROFILARIA (Zoetis Inc., Lyon Cedex, France) 

This test is based on rapid immunomigration (RIM) technology. It is highly specific 

(100%), with sensitivity values ranging from 71% to 95% (Courtney, 2001; McCall et al.,   

2001). The test uses antibodies directed against specific epitopes of a soluble antigen of D. 

immitis in canine and feline whole blood, plasma or serum. The sample that contains this 

antigen is put into contact with sensitised gold particles. The resultant complex then migrates 

on the membrane before being caught in a reactive area, where complex concentration creates 

a strongly apparent pink-coloured band (Figure 5). A control band is located on the opposite 

side of the membrane to ensure that the test is performed properly. 

 

Y Z

Figure 5: Results of WITNESS®DIROFILARIA kit. A: Positive result: two vertical pink 

lines. B: Negative result: one vertical pink line 

 

FASTest® HW Antigen (Diagnostik MegaCor, Hörzbranz, Austria) 

It is a lateral flow immunochromatographic test (sandwich system with 2 different anti-

bodies, 1 of which is membrane-fixed and 1 bound to gold particles) for rapid detection of 

heartworm antigen in canine and feline serum, plasma or whole blood. It has 98.6% sensitivi-

ty and 99.1% specificity for the detection of D. immitis antigens stated in the instructions by 

the manifacturer. If D. immitis antigen is present in the sample, an immune-complex will be 
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[\]med. The serum specimens were allowed to thaw to laboratory ambient temperature (21–

22ᵒC). Briefly, two drops of migration buffer was added to 30 µL serum in a test casette and 

the cassete was placed on a flat surface. A control band is located on the opposite side of the 

membrane to ensure that the test is performed properly. The appearance of the S and C lines 

after a migration time of 15 minutes indicates a positive result. The appearance of the C line 

alone indicates a negative result. If the C line is not present, the test is considered invalid and 

is repeated. We evaluated all samples at 15 min (Figure 6).  

 

 

 

 

A 

 

 

 

 

 

 

B 

 

 

 

Figure 6: Evaluation of FASTest® HW Antigen Test Kit: positive (A) and negative (B) 

 

DiroCHEK® (Synbiotics Corporation, San Diego, USA) 

This is an ELISA test for the detection of adult D. immitis antigen in canine and feline 

plasma or serum. DiroCHEK® is highly specific (100%), its sensitivity ranges between 85% 

and 100%.( McCall et al. 2001;Gillis et al., 1984) Test results can be obtained within 15 

minutes. The reaction wells are coated with antibodies directed against D. immitis antigen. 

Another antibody is labelled with horseradish peroxidase. Any antigen present in plasma or 

serum is bound by the antibody and coated with the enzyme-linked antibody to form a 

specific complex. Any free enzyme-linked antibody is washed away, and a chromogenic 

substrate is added. In the absence of D. immitis antigen, no colour change will be observed. 
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^_` b`d`ghjk`lm hn o pgq` uhghqv xj`uynyuoggz ylbyuom`x m_` jv`x`lu` hn D. immitis antigen 

from heartworms (Figure 7). 

 

Figure 7: Results of DiroCHEK® test based on colour reactions. 

 

Fassisi® CanDiro (Fassisi, Göttingen, Germany) 

Fassisi® CanDiro strip is an immunosandwich assay for the rapid detection of 

heartworm antigen in canine serum, plasma or whole blood. It has 94.12% sensitivity and 

99% specificity for the detection of D. immitis antigens, as stated by the manufacterer. Briefly, 

two drops of migration buffer was added to 50 µL serum in a sample well and the test strip 

result read within 10 min. The strip has two lines: a control line (C) (heartworm antigen – 

gold labeled antibody complexes) and a test line (T) (anti canine heatworm antigen-gold 

labeled antibody complexes). The appearance of the T and C lines after a migration time of 10 

minutes (min) indicates a positive result. The appearance of the C line alone indicates a 

negative result. If the C line is not present, the test is considered invalid and is repeated. It is 

recommended that strips giving ambiguous (faint color at the T line) are considered 

nevertheless positive. We evaluated all samples within 10 min (Figure 8). 

 

 

A 

 

 

 

 

B 

 

 

Figure 8: Results of Fassisi® CanDiro test kit positive (A) and negative (B) 
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3.3 DATA ANALYSIS 

The derived data was tabulated in appropriate worksheets using the Microsoft Excel and 

evaluated. 

The sensitivities, specificities, efficiency, accuracy, negative and positive predicted 

values were calculated as follows (Bland, 2000): 

Sensitivity (%) = a/a+c x 100 

Specificity (%) = d/d+b x 100 

Efficiency (%) = a+d/a+b+c+d x 100 

Negative Predicted Value (%) = d/d+c x100 

Positive Predicted Value (%) = a/a+b x 100  

Accuracy (%) = a+d/total number of samples x100 

a = number of true positive 

b = number of false positive  

c = number of false negative 

d = number of true negative 
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4. RESULTS 

A total of 60 canine sera samples were used to evaluate four commercially available D. 

immitis antigen tests. The data of all tests have been summarised in Tables 1 and 2. {|| }~�}�

fulfilled the criteria for test validity. Interpretation was adopted by following the instruction of 

these tests for veterinary practitioners based on colour detection by naked eyes. 

All of the sera samples of dogs having neither D. immitis nor D. repens infection in 

Group D were negative with each antigen tests (Table 1).  

Three D. immitis antigen kits gave false positive reaction with one from 15 sera of 

Group B, each specificity was 93.3% (Table 1). DiroCHEK® had worse specificity (66.6%), 

with this kit, 5 out of 15 sera samples of dogs infected with D. repens gave false positive re-

sults (Table 1). 
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If the results of the study with samples from group A and C are evaluated together, sen-

sitivities of the WITNESS®DIROFILARIA, Fassisi® CanDiro and DiroCHEK® test kits are 

76.7%, 83.3% and 83.3%, respectively (Table 2). In this case FASTest® HW Antigen has the 

lowest sensitivity (70.00 %) (Table 2). 

According to this kind of calculation the specificity of three tests (WITNESS® DIRO-

FILARIA Fassisi® CanDiro and FASTest® HW Antigen) is 96.7%, and it is 83.3% for Diro-

CHEK®. The accuracy of the four test kits ranges between 83.3 and 90% (Table 2). Positive 

predictive values (ie, probability of heartworm infection for a dog with a positive test result) 

were ranging 83.3%-90.0% for all 4 test kits (Table 2). Negative predictive values (ie, proba-

bility that a dog with a negative test result would be free from heartworm disease) were lower, 

76.3% for the FASTest® HW Antigen test kit, 80.6% for the WITNESS®DIROFILARIA test 

kit, and 83.3% for the DiroCHEK® test kit. Negative predictive value of the Fassisi®CanDiro 

test kit was the higher (85.3%). 

 

Table 2: Data obtained with 4 commercial heartworm antigen tests 
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5. DISCUSSION 

Dirofilaria immitis, the agent of canine heartworm disease, causes severe disorders and 

even death in dogs in many parts of the world (Boreham and Atwell, 1988). Antigen test kits, 

with which the circulating antigen of only female D. immitis can be detected are widely used 

in veterinary clinics, are highly sensitive and specific for heartworm infection in dogs (Atkins, 

2003; McCall et al., 2008). However, the results depending on the commercially available in-

clinic antigen assays. Based on the publications the microtiter plate ELISA has the highest 

sensitivity, followed by the membrane-based ELISA, and the lateral flow immunochromato-

graphic test (Courtney and Zeng, 2001; Atkins, 2003). 

The accurate antigen test is pivotal to early diagnosis and treatment of infected dogs in 

those cases when the animals may be amicrofilaremic due to unisex infection, or they may 

possess anti-microfilaria antibodies or macrolids used for chemoprophylaxis killed the 

microfilariae of D. immitis (AHS, 2014). In those countries where both Dirofilaria and other 

filarial species (e.g. Dipetalonema reconditum) are present (Weil et al., 1984; Morchón et al, 

2012) it is especially important to diagnose the heartworm infection correctly in dogs with 

low heartworm burdens or having low levels of circulating heartworm antigen too in order to 

ensure prompt treatment (Atkins, 2003). Nowadays Hungarian veterinary surgeons also rely 

on rapid in-clinic antigen tests of D. immitis to screen for canine heartworm infection because 

besides the long lasting occurrence of D. repens in the country the parasitosis caused by D. 

immitis has been emerging in the local dogs (Fok and Jascó, 2009; Tolnai et al., 2014). From 

practical point of views it is impossible to figure out whether the infected dogs harbour 

microfilariae of D. repens and/or D. immitis. In these cases the detection of D. immitis antigen 

with fast in-house tests help the diagnostic work if the serological tests do not give false 

positive reaction with D. repens antigen. For this reason it is a key question whether the 

commercially marketed D. immitis antigen kits may give false positive reactions in dogs 

infected with D. repens or not. The other question is whether the specificity of these tests may 

differ from the published data if the sera of dogs infected with both Dirofilaria species are 

screened. 

Previous studies have reported that the current generation of heartworm antigen test kits 

is very highly specific (Courtney, 2001, McCall et al., Atkins, 2003). However, sometimes 

these kits may give false-positive result because of cross-reactions with other nematode anti-

gens. It has been reported that serological cross-reactivity between D. immitis and S. lupi has 

been observed which might be due to shedding of circulating antigens with similar antigenici-

ty detected by the assays (Aroch et al., 2015). In another study Schnyder and Deplazes (2012) 
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found cross-reactivity between D. immitis and A. vasorum antigens in dogs using in-clinic 

assays.  

No detailed and reliable data are available about the cross-reactivity betwenn D. immitis 

and D. repens. In this study all of the evaluated test kits gave false positive reaction with sera 

of dogs infected with D. repens. Only one sample out of 15 sera became positive using three 

kits (WITNESS® DIROFILARIA, Fassisi® CanDiro and FASTest® HW Antigen) but the 

number of false positive reaction was five when DiroCHEK® was used. The specificity of 

WITNESS® DIROFILARIA was 93.3%. Similar result was published by Pakistanian scien-

tists who had 96.87% specificity for this kit (Ranjbar-Bahadori et al., 2007). In their study 2 

out of 16 dogs gave false positive results which were not infected with D. immitis according 

to necropsy. In another study the specificity of this antigen test ranged between 71% and 100% 

(McCall et al., 2001). Regarding DiroCHEK® kit its specificity was only 66.7% in this study 

which is lower comparing with data of McCall et al. (2001) and others (Gillis et al., 1984; 

Rhee et al., 1998) who found that the specificity of this kit ranged from 71% to 100%. Alt-

hough the ELISA used in this study is a good test, it did not give 100% specificity in dogs 

infected with D. immitis. Thus, false positive and negative results may occur. Therefore it 

should be taken into account that an unknown number of dogs with travel anamnesis may 

have falsely been diagnosed positive due to D. repens cross-reactions, and are erroneously 

treated with melarsomine and/or macrocyclic lactones. From a practical point of views this 

finding is important in Hungary where currently more dogs are infected with D. repens than D. 

immitis. Based on these preliminary results there is serological cross-reactivity between D. 

immitis and D. repens. However, it cannot be excluded there is other reason for the false posi-

tive reactions because the dogs infected with D. repens had not been checked for A. vasorum 

and S. lupi infection, which parasite species are present in the country (Majoros et al., 2010; 

personal information given by Farkas). Therefore further studies are needed to answer this 

hypothesis. Another explanation for false positive result of FASTest®HW Antigen kit was 

stated by MEGACOR manufacturer. Dirofilaria immitis antigen may persist after natural or 

pharmacological death of adult worm. In these cases the results of antigen test remain positive 

for approximately 3-4 months. Therefore a second test is recommended 4 months later. 

Taking together the results of 15 dogs infected with D. immitis and 15 dogs infected 

with D. immits and D. repens the specificity of three kits (WITNESS® DIROFILARIA Fassi-

si® CanDiro and FASTest® HW Antigen) is 96.7%, and  83.3% for DiroCHEK® . However, 

taking into account that three kits gave one, and DiroCHEK® resulted in five false positive 

reactions with D. repens, it is not known whether all the positive results of dogs infected with 
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both Dirofilaria species were true positivity or not. Based on the results none of the sera of 

uninfected dogs gave positive reaction with the evaluated kits which means no false positive 

reactions should be considered if Dirofilaria free dogs are screen. However, in these cases 

parasitosis caused by A. vasorum and S. lupi must be excluded.  

It should be emphasized that the sensitivity was higher when serum samples from dogs 

infected with D. immitis were used alone, compared to the results obtained with samples from 

dogs with a double infection (73.3-86.7% vs 66.7-80.0%, respectively). 

The reason for false negative result might be due to the small number of female worms 

when the antigen of D. immitis in infected dogs is below the detectable level (Atkins, 2003). 

Consequently, the success in the use of antigen tests is dependent on the amount of antigen 

released by mature adult female heartworms (Courtney, 2001). These kinds of tests detect 

antigens exclusively from female heartworms that are at least seven or eight months old but 

do not generally detect infections that are less than five months old (Lagrotteria et al., 2003). 

Therefore, it was exhibited that although the antigen tests are a valuable adjunct to diagnosis 

of D. immitis infection, the test were found to be less sensitive and prone to false negatives 

(Patton and McCracken, 1991). 

The positive or negative predictive values of tests are dependent upon the prevalence of 

disease. For canine heartworm, false positive test results are more likely in dogs where the 

prevalence is low (Peregrine, 2005; Bowman, 2007). In an area that appears to be endemic for 

heartworm disease, a positive result with an antigen test would likely be a true positive.  

Taking into consideration the results of this study without reliable data about the cross-

reactivity between D. immitis and D. repens it can be stated that if the local veterinarians get 

positive result with any D. immitis antigen test they should exclude the infections caused by A. 

vasorum and/or S. lupi. Before starting the expensive treatment of heartworm infection in a 

dog they should confirm D. immitis infection with molecular biological study carried out in a 

special laboratory.  
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6. ABSTRACT 

Dirofilaria immitis and Dirofilaria repens are important nematode species of dogs with 

overlapping endemic areas, especially in many parts of Europe including Hungary. For the 

detection of D. immitis infections, a variety of tests have been developed and marketed, 

however, they have not been evaluated for cross-reactions against circulating antigens of D. 

repens that has not been detected with marketed tests. The aim of this study was to compare 

the efficacy of four commercialized D. immitis antigen test kits using sera samples of 

naturally infected dogs with D. immitis or D. repens or both species. 

Between 2014 and 2015, blood samples from domestic dogs kept in different counties 

of Hungary were subjected to this study. The infection of dogs was checked with two different 

PCR assays. There were 4 groups of sera tested: samples from 15 dogs with D. immitis 

infection (group A); samples from 15 dogs infected with D. repens (group B); samples from 

15 dogs with mixed infection of D. immitis and D. repens (group C) and sera of 15 dogs 

without Dirofilaria infection (group D). The 60 sera samples were evaluated simultaneously 

using FASTest®HW Antigen (Diagnostik MegaCor, Hörzbranz, Austria), DiroCHEK® 

(Synbiotics Corporation, San Diego, USA), WITNESS®DIROFILARIA (Zoetis Inc., Lyon 

Cedex, France) and Fassisi®CanDiro (Fassisi, Göttingen, Germany). 

Three D. immitis antigen kits gave false positive reaction with one of 15 sera of D. re-

pens infected dogs (specificity was 93.3%). DiroCHEK® had worse specificity (66.6%), with 

this kit 5 out of 15 sera samples in this group of sera gave false positive results. If the results 

of dogs infected with only D. immitis and dogs infected with both Dirofilaria species are 

evaluated together, sensitivities of the WITNESS®DIROFILARIA, Fassisi® CanDiro and Di-

roCHEK® test kits are 76.7%, 83.3% and 83.3%, respectively. In this case FASTest® HW An-

tigen has the lowest sensitivity (70.0 %). It should be emphasized that the sensitivity was 

higher when samples from dogs infected with D. immitis were used alone, compared to the 

data obtained with serum samples of dogs with double infection.  

Taking into consideration the results of this study without reliable data about the cross-

reactivity between D. immitis and D. repens it can be stated that if the local veterinarians get 

positive result with any D. immitis antigen test first they should exclude the infections caused 

by A. vasorum and/or S. lupi. Before starting the expensive treatment of heartworm infection 

in a dog they should confirm D. immitis infection with molecular biological study carried out 

in a special laboratory.  
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