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ABSTRACT

Mosquito-borne nematodes, Dirofilaria immitis and D. repens are among the most important filarial parasites of dogs. D. im-
mitis is the causal agent of heartworm that primarily infects domestic and wild canids. Rarely, humans become accidental hosts to
this parasite. D. repens, which is the main agent of human dirofilariosis, usually causes a non-pathogenic, subcutaneous infection
in dogs. The aim of the present study was to investigate the prevalence of Dirofilaria spp. in the owned dogs in Aydin and lzmir
regions using four different diagnostic techniques. To this end, blood samples were collected from 150 dogs in Aydin (n: 122) and
Izmir (n: 28) provinces. The presence of the microfilariae of the parasite in the blood samples were examined by wet blood film
method, modified Knott’s test, membrane filtration-acid phosphatase staining techniques and polymerase chain reaction (PCR).
A commercial antigen test kit (HESKA Solo Step CH Batch Test Strips) was also used to detect adult D. immitis antigens in serum
samples. The overall prevalence of D. immitis was 10,0% as determined by both PCR and the antigen test kit. While the presence
of the parasite determined by the modified Knott’s and membrane filtration tests was 4,67%, only four animals were determined
to be positive by direct microscopic examination (2,67%). All positive samples were detected in Aydin, majority in the Germencik
district. The prevalence of D. immitis was higher in male dogs (11,93%) when compared to female dogs (4,87%). In conclusion, the
present study demonstrates that canine dirofilariosis is prevalent in Aydin province (10,0%) of Turkey, even though the positivity
is confined to a small area. Reliable epidemiological data is crucial to implement preventive control measures in order to decrease

the incidence of canine dirofilariosis, which should be considered under the “One Health” concept in endemic areas.
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Tirkiye de Aydin ve izmir bolgelerindeki kopeklerde Dirofilaria immitis enfeksiyonunun
prevalansi

OZET

Sivrisinek kaynakl nematodlar, Dirofilaria immitis ve D. repens kopeklerin en 6nemli filarial parazitleri arasindadir. D. immitis,
baslica evcil ve yabani kdpekleri enfekte eden kalp kurdunun nedensel ajanidir. Nadiren, insanlar da bu parazite tesadufi konaklik
yapmaktadir. insan dirofilaryozunun asil etkeni olan D. repens, képeklerde genellikle patojenik olmayan, deri alti enfeksiyonunlara
neden olur. Bu ¢alismanin amaci, Aydin ve izmir illerinde bulunan sahipli képeklerde Dirofilaria spp.nin prevalansini dért farkli
tani teknigi kullanarak arastirmaktir. Bu amagla Aydin (n: 122) ve izmir (n: 28) illerinde 150 képekten kan érnekleri alinmistir. Kan
orneklerinde parazitin mikrofilaryalarinin varligi direkt kan muayene yéntemi, modifiye Knott testi, membran filtrasyon-asit fos-
fataz boyama teknigi ve polimeraz zincir reaksiyonu (PCR) ile incelenmistir. Serum 6rneklerinde yetiskin D. immitis antijenlerini
saptamak igin ticari bir antijen test kiti (HESKA Solo Step CH Batch Test Strips) kullanilmistir. Serum 6rneklerinde yetiskin D. immitis
antijenlerini saptamak igin ticari bir antijen test kiti (HESKA Solo Step CH Batch Test Strips) kullanilmistir. Toplamda, D. immitis’in
prevalansi hem PCR hem de antijen test kiti ile % 10,0 olarak belirlenmistir. Modifiye Knott’s ve membran filtrasyon testleri ile
belirlenen parazit varlig1 %4,67 iken, direkt mikroskobik inceleme ile sadece dért hayvan pozitif oldugu belirlenmistir (% 2,67). Tum
pozitif 6rnekler Aydin’da, gogunlugu Germencik ilgesinde tespit edilmistir. Erkek kopeklerde (% 11,93) disi kdpeklere (% 4,87) gore
D. immitis prevalansi daha yiiksek olarak tespit edilmistir. Sonug olarak, bu galisma, pozitifligin kiglik bir alanla sinirli olmasina
ragmen, Turkiye’nin Aydin ilinde (% 10,0) kdpek dirofilaryozunun yaygin oldugunu gostermektedir. Bu tiir calismalar, endemik bol-
gelerde “Tek Saglk” kavrami altinda ele alinmasi gereken kdpek dirofilariozis insidansini azaltmak igin énleyici kontrol tedbirlerinin
uygulanmasinda gtivenilir epidemiyolojik verilerin ne kadar 6nemli oldugunu ortaya koymaktadir.
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Introduction Study areas and sample collection

Dirofilaria immitis and Dirofilaria repens are among the most
important filarial nematodes of dogs, transmitted by mosqui-
to bites. D. immitis is the causative agent of the heartworm
disease in dogs as well as in other carnivores. Adult D. immitis
occupies mainly the right ventricle and pulmonary arteries of
in carnivores, resulting in severe consequences like heart fail-
ure, pulmoner odeamo etc. In contrast, D. repens is usually
non-pathogenic, and causes subcutaneous infection in dogs.
Microfilariae of these parasites circulating in blood are ingest-
ed by several species of competent mosquito vectors during
their blood-feeding (Otranto et al., 2015). While D. immitis
rarely infects humans, D. repens is the main agent of dirofilari-
osis in humans, considered to be a public health concern (Pam-
piglione and Rivasi, 2000).

Dirofilaria immitis occurs mainly in tropical, sub-tropical as well
as temperate zones (Martin and Collins, 1985; Cringoli et al.,
2001). However, D. repens is present only in Old World (Pam-
piglione and Rivasi, 2000). Nevertheless, it was indicated that
D. repens has been spreading to northern Europe from the
endemic areas of southern Europe more rapidly than D. im-
mitis probably due to the climate change (Capelli et al., 2018).

It is established that D. immitis and D. repens are present in dif-
ferent parts of Turkey, where D. immitis is more common than
D. repens (Doganay, 1983; Tasan, 1984; Agaoglu et al., 2000;
Oge et al., 2003; Yildirim et al., 2007). Early reports were based
primarily on the detection of adult worm during postmortem
examination (Doganay, 1983; Tasan, 1984) or microfilariae de-
tection by whole blood examination. There has been a steady
increase in the number of epidemiological studies during the
last two decades using various molecular and serological diag-
nostic tests, as well as conventional tests such as whole blood
wet smear and modified Knott’s tests (Yildirim et al., 2007;
Yaman et al., 2009; Guven et al., 2017) . It should be pointed
out that each diagnostic test has its own advantages and disad-
vantages. For example, the diagnostic test based on detection
of microfilariae could give false negative results for amicrofila-
remic dogs with occult infection of dirofilariosis.

We aimed in the present study to determine the prevalence
of Dirofilaria spp. in dogs in Aydin and Izmir provinces locat-
ed in the West Aegean Region of Turkey using conventional,
immunological, and molecular diagnostic techniques at the
same time. The diagnostic sensitivity of these tests was also
compared.

Materials and Methods

Table 1. Overall heartworm prevalence in studied areas

The present study was conducted within provinces located in
Aydin and Izmir, both located in the West Aegean region of Tur-
key. Randomly selected 150 dogs of different breeds, ages and
sexes were examined in Aydin and lzmir provinces (Table 1).
Whole blood samples (EDTA-treated) and serum samples were
collected from owned and stray dogs, as well as from dogs ad-
mitted to the veterinary clinics in Aydin between August 2007-
2009. The presence of Dirofilaria immitis was examined using
various conventional, immunological, and molecular diagnostic
techniques.

Parasitological investigation

Two conventional tests, namely wet blood film method and
modified Knott’s concentration technique, were used to detect
the presence of microfilarial of the parasite as described by
(Hendrix, 1998), subsequently followed by microfilaria identi-
fication by (Soulsby, 1982). The circulating microfilariae in the
whole blood was also examined by the polycarbonate mem-
brane filtration (Millipore, TMTP 02500) technique (Acevedo et
al., 1981; Yildirim et al., 2007), combined with acid phosphates
staining methods for the identification of microfilariae using a
commercially available kit (Leucognost-SP, Merck, Germany) as
described by the manufacturer.

In order to detect adult D. immitis, the presence of antigen in
the serum samples were examined immunologically using an
antigen kit (HESKA Solo Step CH Batch Test Strips, Colorado,
USA) as described by the manufacturer. D. immitis-specific PCR
was also used in the present study to determine the presence
of the microfilariae in the blood samples as described below.

DNA extraction and PCR assays

DNA was isolated from EDTA-treated blood (300 ml) using the
Wizard Genomic DNA Purification Kit (Promega Corporation,
Madison, USA) as described by the manufacturer. DNA samples
were stored at -20°C until used in PCR.

A primer set targeting a 302 bp fragment of the ITS2 (internal
transcribed spacer region 2) gene of the ribosomal DNA of D.
immitis. Following primers described by (Rishniw et al., 2006)
were used: D.imm-F1 (5’-CATCAGGTGATGATGTGATGAT-3’) and
D.imm-R1a (5’-TTGATTGGATTTTAACGTATCATTT-3’).

For the detection of Dirofilaria repens by PCR, primers targeting
a 348 bp fragment of the 55 SSU rRNA of D. repens (D.rep-F1
(5’-TGTTTCGGCCTAGTGTTTCGACCA-3’) and D.rep-R1 (5’-AC-
GAGATGTCGTGCTTTCAACGTG-3’) were used as described in
(Favia et al., 2000) .

The PCR assays for D. immitis and D. repens were performed

Research area

Diagnostic techniques used

Sample Wet Modified Membran PCR Serological Total
No smear Knott’s test Filtration Kit
Aydin/Merkez 56 - 1 1 1 1
Aydin/Germencik 19 4 6 6 122 12 12
Aydin/Karpuzlu 29 - - =
Aydin/ Clinics 18 - - - 2 2 2
Izmir 28 - - - - - -
Total 150 4> 7b 6b 152 152 15
% 74,890
P 0,000

x2Pearson’s chi-square test.

ab The different letters within the same column indicate significant difference among groups.
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Table 2. The prevalence of D. immitis correlated with age and sex

Examined dogs Infected dogs X2 P
No No %
Sex
Female 41 22 4,87 1,645 0,200
Male 109 132 11,93
Age (year)
0,5-3 81 82 9,88 0,043 0,979
4-6 47 52 10,64
27 22 22 9,09

x2Pearson’s chi-square test.

ab The different letters within the same column indicate significant difference among groups.

in a final volume of 25 pul consisting of 1x buffer (Promega,
Madison, W, USA), 2 mM MgCl, (Promega, Madison, WI, USA),
200 pum of each deoxynucleotide triphosphate (Promega, Mad-
ison, WI, USA), 25 pmol of each primer, 1.25 U of hot start poly-
merase (hot-start Tag polymerase (ThermoFisher Scientific,
USA) and 2.0 pl template DNA. The reactions were performed
in an automated DNA thermal cycler (Techne™ TC-512 Gradient
Thermal Cycler, UK). Reactions consisted of an initial 5 min de-
naturation step at 95°C, followed by 32 cycles of denaturation
at 94°C for 30 s, annealing at 55°C for 30 s, and extension at
72°C for 30 s. Final extension was performed at 72°C for 7 min,
followed by a hold step at 4°C. Amplified DNA was subjected to
electrophoresis in a 1.5% agarose gel, pre-stained with ethid-
ium-bromide (10 ul/ml), in TAE buffer at 100 V and bands were
visualized under UV light.

Statistical analysis

Pearson’s chi-square (x?) test was used to compare the preva-
lence of D. immitis among district, sex, age. The sensitivity the
diagnostic tests were also compared. Statistical analyses were
performed using the statistical package SPSS (Version 21.0). A
value of p < 0.05 was considered significantly different.

Ethical statement

This study was approved by the Animal Ethics Committee of
Adnan Menderes University, Aydin, Turkey (Protocol number:
B.30.2.ADU.0.06.00.00/124-HEK/2007/022).

Results

Several different diagnostic tests were used to determine the
prevalence of the infected dogs in Aydin and izmir regions (Ta-
ble 1). As expected, different diagnostic techniques produced
different results. The highest prevalence of the parasite was %
10,0 (15 /150 samples) as detected by both PCR and the anti-
gen test kit (Table 1). The presence of the parasite determined
by the modified Knott’s test and membrane filtration test was
4,67% (7/150) and 4,0% (6/150), respectively. The lowest num-
ber of positive animals was detected by wet blood film meth-
od (2,67%; 4/150). The Figure 1 shows microfilariae detected
either by wet blood, the filtration and/or the modified Knott’s
test and acid phosphatase staining. The staining of the micro-
filariae by acid phosphatase indicated that all the microfilariae
were D. immitis, as evidenced by red staining of both excretory
pore and anal pore. These results were confirmed by PCR. All
samples, determined to be positive by wet blood film method
and the modified Knott’s test were also determined to be pos-
itive for D. immitis by PCR. None of the samples were positive
for D. repens.

None of the samples obtained from izmir were positive. All the
positive dogs were detected in Aydin region. The number of
positive dogs differed significantly among the districts in Aydin,
the majority of positive samples (12/15 positive samples) orig-
inating from Germencik district (Table 1). There was also a
marked difference in positivity between the genders of dogs,
The prevalence of D. immitis was higher in males (11,93%)
compared to females (4,87%) (Table 2). However, there was no
differences among the age groups of animals.

Discussion

Vector-borne parasitic nematodes, D. immitis and D. repens,
are prevalent worldwide especially in temperate, tropical, and
subtropical climatic regions. The intensity and the distribution
of dirofilariasis appear to expand to countries that were once
considered to be free of the infection due mainly to climat-
ic and ecological changes (Simon et al., 2012; Baneth et al,,
2016). Therefore, these parasites pose a growing public health
concern considering their effect on dogs and man.

The epidemiological studies conducted in different parts of
Turkey have indicated a wide-range of prevalence rate, viz.
0-46,2% (Simsek et al., 2011; Tasci and Kilic, 2012; Guven et al.,
2017). Several factors other than ecological and geographical
differences of the study region on the base of vector popula-
tion, such as the detection method used, survey periods, sam-
ple size, breed of dog population and the type of of infection
(patent or occult) might have contributed to the wide-range
discrepancies in prevalence rates. The overall prevalence of the
parasite was 10% in the present study, which is similar to pre-
vious studies conducted in different parts of Turkey (Yildirim et
al., 2007; Guven et al., 2017). However, it should be noted that
positive samples were obtained only from Aydin, and mainly in
the Germencik district, indicating the presence of factors at a
local scale.

The prevalence of infection determined by PCR and antigen
detection kit was markedly higher than that revealed by mi-
croscopic examination, modified Knott’s technique as well as
filtration methods. This finding is in accordance with previous
observations demonstrating that the reliability and repro-
ducibility of the PCR assay is higher than that of microscopic
examination (Watts et al., 1999). It should also be noted that
identification of microfilariae by microscopic examination is
prone to error and could potentially lead to miss-diagnosis of
three species of canine filarial parasites, namely D. immitis, D.
repens, and Acanthocheilonema reconditum (Soulsby, 1982).
Beside the relatively low sensitivity in comparison to PCR, the
acid-phosphatase staining technique is an easy and reliable
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method for the identification of microfilaria (Peribanez et al.,
2001).

It is well known that PCR might give false negative results es-
pecially in cases of occult infection. Nevertheless, we did not
come across any false negative results in the present study as
all serologically positive samples were also PCR positive indicat-
ing the presence of microfilaria in the peripheral blood.

The results obtained in the present study indicated that the
proportion of male dogs infected with D. immitis was higher
than female dogs. However, the difference was not statistical-
ly significant. This finding is in agreement with several studies
indicating that the prevalence of the parasites is not different
between the males and females (Oge et al., 2003; Hou et al.,
2011; Wang et al., 2016). Biological basis underlying the higher
prevalence in males, as detected in the present study, is not
known. However, it is suggested that male dogs encounter the
intermediate host, mosquitoes, more often than females, since
they are kept outdoors more often for defense (Song et al.,
2003). According to Johnson and Harrel (1986), the outdoors
provide more favorable environmental conditions for mosqui-
tos. It was also postulated that preferential attraction to the
mosquitoes might also play a role leading to higher infection
rates in male dogs (Montoya et al., 1998).

There is evidence indicating that the chance of getting infected
with D. immitis increases as the dog gets older (Montoya et al.,
1998). This is most likely due the fact that the longer the life
span of a dog higher the likelihood of exposure to mosquitoes
infected with D. immitis (Rhee et al., 1998). Nevertheless, no
significant differences were determined in the present study
among the age groups. This finding is in agreement with the
hypothesis that the infection risk remains the same throughout
life span of the dog (Rhee et al., 1998).

Conclusion

In conclusion, the present study demonstrates that canine diro-
filariosis is prevalent in Aydin province (10.0%) of Turkey, even
though the positivity is confined to a small area. In the face of
global climate change that leads to warmer temperatures sup-
portive of extrinsic development of D. immitis, it is important
to determine areas of risk and be aware of the spread of the
vector into new environments. The availability of sensitive and
specific diagnostic tests is the most important prerequisite for
epidemiological studies. In this context, the present study high-
lights the diagnostic value of molecular and serological tests
in determining the prevalence of D. immitis. Reliable epidemi-
ological data is crucial to implement preventive control mea-
sures in order to minimize the incidence of canine dirofilariosis,
which should be considered under the “One Health” concept in
endemic areas.
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