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Abstract 

Background: Dirofilaria immitis is a mosquito-borne filarial nematode, which infects primarily wild and domestic 
canids, causing cardiopulmonary dirofilariasis. The aim of the present study was to determine the prevalence and 
characterize molecular features of D. immitis in road killed canids, northern Iran.

Methods: The carcasses of 53 road killed canids including 18 dogs (Canis familiaris), and 35 golden jackals (C. aureus) 
were necropsied in both Mazanderan and Guilan provinces, northern Iran. The molecular analyses were conducted 
based on the cytochrome oxidase (Cox) 1 and 18S ribosomal RNA (rRNA) genes.

Results: The heartworm infection was found in 55.6% of dogs and 22.9% of jackals. Our study revealed signifi-
cantly higher prevalence of D. immitis in dogs compared to jackals (P = 0.031). The prevalence of D. immitis was no 
statistically significant between males and females in both dogs and jackal (P > 0.05). Comparison of the Cox1 gene 
sequences with available data in the GenBank illustrated 100% similarity with D. immitis isolates from different hosts 
in European, Asian, and South American continents. Moreover, the 18S rRNA gene sequences showed 100% identity 
with dog isolates from Japan and French Guiana.

Conclusions: This study confirms the high prevalence of D. immitis in dogs and jackals of northern Iran. Developing 
control programs to prevent transmission of the disease is necessary for dogs and humans in the study areas.
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Background
Dirofilaria immitis, Leidy, 1856 (Spirurida: Onchocerci-
dae), heartworm, is a mosquito-borne filarial nematode 
that infects wild and domestic canids, felids, and humans 
[1]. This nematode is transmitted by various mosquitoes 
belonging to the genera Aedes, Armigeres, Culex, Anophe-
les, and Mansonia [2, 3]. Adult worms of D. immitis often 
reside in the pulmonary arterial system and the heart 
of canids and felids. However, humans are less suitable 

hosts, in which the parasites usually do not mature suf-
ficiently to produce microfilariae [1].

The main clinical symptoms of canine dirofilaria-
sis include persistent cough, dyspnea, lethargy, weight 
loss, diminished exercise tolerance, coughing up blood, 
abdominal distention, and in advanced forms of the dis-
ease can lead to congestive heart failure, intravascular 
hemolysis, and pulmonary thromboembolism, which are 
often fatal if remain untreated [1, 4]. D. immitis infec-
tion in humans usually causes pulmonary nodules, and 
in fewer cases, ocular and subcutaneous involvements 
[1, 5–7]. D. immitis was detected in the heart and major 
blood vessels of humans in few cases, as well [8].
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Diagnosis of D. immitis infection in canids is mostly 
based on microscopy to detect microfilariae in stained 
blood smear and modified Knott’s technique, but serolog-
ical tests and molecular methods are the other employed 
methods [9, 10].

D. immitis is mostly found in subtropical and temper-
ate areas in the world, where there is a population den-
sity  of canine reservoirs and mosquito vectors [1, 11]. 
Several epidemiological studies have shown that the 
prevalence rates of dirofilariasis in dogs were 1.4 to 78.6% 
in different provinces of Iran [12–21]. There are also 
reports of D. immitis in jackals in some parts of Iran [22, 
23]. In addition, rare cases of D. immitis infection have 
been reported in cats [24, 25]. Moreover, the prevalence 
of D. immitis infection of mosquitoes in Iran is high and 
Cx. theileri is the main vector of D. immitis in the coun-
try [3, 26].

Human dirofilariasis has a dramatically increasing 
trend in European and American countries [1, 27], and 
in past decades, several human cases of dirofilariasis have 
been reported in different parts of Iran [6, 7, 28–32].

Recently, molecular methods are applied for reliable 
identification and phylogenetic analysis of canine filar-
ial nematodes. Nevertheless, there are limited epide-
miological and molecular information about D. immitis 

infection in canids especially jackals from the northern 
parts of the Iran, where environmental conditions are 
suitable for sustaining and expanding the infection. 
Therefore, the purpose of this study was to determine 
the prevalence of D. immitis obtained from road killed 
canids in northern Iran and investigate their genetic 
diversity using partial mitochondrial cytochrome oxi-
dase subunit 1 (Cox1) and 18S ribosomal RNA (rRNA) 
genes.

Methods
Study area
A cross-sectional study was conducted from October 
2017 to September 2019, in both Guilan (37. 2774  N 
49. 5890 E) and Mazanderan (36.5656  N, 53.0588 E) 
provinces, north of Iran. These provinces are located 
in southern border of the Caspian Sea and their south-
ern parts are surrounded by Alborz mountains (Fig. 1). 
These provinces cover an area of 38,544  km2 and have 
humid subtropical climate with mean annual rainfall of 
1359 mm for Guilan province and about 1000 mm for 
Mazanderan province. The average relative humidity is 
about 80%, which reaches a maximum in autumn and 
winter, and decreases in summer and spring [33, 34].

Fig. 1 Map of Iran showing the geographical location of Guilan and Mazanderan Provinces in northern Iran
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Samples collection
In current study, a total of 53 carcasses of road killed can-
ids including 18 dogs (Canis familiaris), and 35 golden 
jackals (C. aureus) were collected from both Mazanderan 
and Guilan provinces, northern Iran. The carcasses were 
examined for the presence of adult D. immitis worms 
in the  heart  and  pulmonary artery. The obtained speci-
mens were preserved in 70% ethanol for parasitological 
and molecular examinations. For determination of mor-
phological characteristics, the nematodes were stained by 
lactophenol and azocarmine as a temporary mount [35].

Molecular analysis
For DNA extraction, one worm of each infected can-
ids (n = 18) was washed three times in distilled water to 
remove ethanol. Next, total genomic DNA was extracted 
using a commercial DNA extraction kit (Yekta Tajhiz 
Azma, Tehran, Iran), according to the manufacturer’s 
instructions and kept at − 20 °C until use. PCR reactions 
were performed in 30 μL volumes containing 2X red PCR 
premix (Ampliqon, Odense, Denmark), 20 pmol of each 
primer and 1 μL of extracted DNA. The forward primer 
COIintF (5′ -TGA TTG GTG GTT TTG GTA A-3′) and 
the reverse primer COIintR (5′-ATA AGT ACG AGT ATC 
AAT ATC-3′) were used to amplify an about 689 bp frag-
ment of the Cox1 gene [36]. Also, a 1155-bp long ampli-
con of 18S rRNA gene was amplified using the forward 
primer Fwd.18S.631 (5ʹ- TCG TCA TTG CTG CGG TTA 
AA-3ʹ) and the reverse primer Rwd.18S.1825r (5ʹ- GGT 
TCA AGC CAC TGC GAT TAA-3ʹ) [37]. PCR conditions 
for Cox1 gene were an initial denaturing step of 94  °C 
for 5  min and 35 cycles followed by denaturing step at 
94 °C for 30 s, annealing step of 52 °C for 45 s, and 60 s 
of extension at 72 °C, and 72 °C for 7 min as a final exten-
sion. The thermal PCR profiles for 18S rRNA gene con-
sisted of initial denaturation at 95 °C for 6 min followed 
by 30 cycles of 95  °C for 60  s (denaturation), 58  °C for 
20  s (annealing), and at 72  °C for 45  s (extension) with 
a final extension of 72 °C for 10 min. The PCR products 
were separated by electrophoresis on a 1.5% agarose gel 
and visualized using a UV transilluminator (UVITEC, 
Cambridge, UK). The amplification products were sent 
to a domestic sequencing company (Codon genetic com-
pany, Tehran, Iran) for sequence determination using the 
Sanger method.

Phylogenetic analysis
The sequence results were edited and trimmed using 
Chromas version 2.01 (Technelysium Pty Ltd., Brisbane, 
Queensland, Australia) and compared to the GenBank 
database using the BLAST programs (http:// www. ncbi. 
nlm. nih. gov/). The sequences of 18S rRNA and Cox1 

genes were submitted to the GenBank database (Acces-
sion Numbers: MZ266347- MZ266364 for Cox1 and 
MZ265267-MZ265284 for 18S rRNA gene). Phylogenetic 
analysis was performed with sequences obtained in the 
present study along with the reference sequences, which 
were deposited in the GenBank database, using Maxi-
mum-Likelihood algorithm and Tamura-3-parameter 
model in the MEGA 6.0 software. The reliability of the 
phylogenetic trees was supported with bootstrap value 
based on 1000 replications.

Results
Out of 53 carcasses of examined road killed canids, D. 
immitis was found in 10 of dogs (55.6%) and eight of jack-
als (22.9%) (Fig.  2). There were significant differences 
between the infection with D. immitis and types of can-
ids (P = 0.031). The rate of infectivity in male and female 
dogs was 53.8% (7/13) and 60% (3/5), respectively, and 
was no statistically significant (P > 0.05). In addition, in 
jackals, 20% (4/20) of the males and 26.7% (4/15) of the 
females were infected with the D. immitis and no statis-
tically significant difference was seen between the infec-
tion and the gender (P > 0.05). Only three (8.57%) of 35 
jackals were puppies and the remaining 32 (91.43%) were 
adults. All of 18 dogs were adults, as well. One of three 

Fig. 2 Numerous adult worms Dirofilaria immitis in a dog heart
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jackal puppies and seven out of 32 adult jackals were 
infected with heartworm (Table 1).

In Guilan province, 75% (9/12) of dogs and 35% (7/20) 
of jackals were infected with D. immitis. In Mazanderan 
province, the infection rate in dogs and jackals was 16.7% 
(1/6) and 6.7% (1/15), respectively. A statistically signifi-
cant difference was found between  the two provinces 
regarding infection rates of dogs (P = 0.043); but not jack-
als (P > 0.05).

Male and female heartworms were identified based on 
the body length and morphological characteristics. Male 
worms are shorter than female and their coiled posterior 
end shows the presence unequal spicules and pre-anal 
papillae, but the females are larger and straight on both 
ends (Fig. 3). The range in total worm burden was 2–105 
with a mean 23.5 for infected dogs and 1–23 with a mean 
6.62 for jackals.

The genetic divergence within the specimens of D. 
immitis obtained from this study was 0% based on the 

partial Cox1 and 18S rRNA genes. The intra-species 
distance rate within our sequences of D. immitis and 
those available in the GenBank amounted to 0–0.7% and 
0–2.9% for Cox1 and 18S rDNA fragments, respectively. 
Inter-generic differences based on the partial Cox1 gene 
between our sequences of D. immitis with D. repens, Rail-
liet & Henry, 1911 (Spirurida: Onchocercidae), Acan-
thocheilonema viteae, Krepkogorskaja, 1933 (Spirurida: 
Onchocercidae), Loa loa, Cobbold, 1864 (Spirurida: 
Onchocercidae), Brugia malayi, Brug, 1927 (Spirurida: 
Onchocercidae), and Wuchereria bancrofti, Seurat, 1921 
(Spirurida: Onchocercidae) were 10–10.3%, 16%, 12.5%, 
17.1% and 15.2%, respectively. Also, the nucleotide diver-
gence based on the partial 18S rRNA gene between our 
sequences of D. immitis with D. repens, B. malayi, W. 
bancrofti, L. loa, Onchocerca cervicalis, Railliet & Henry, 
1910 (Spirurida: Onchocercidae), A. viteae, and A. 
reconditum, Grassi, 1889 (Spirurida: Onchocercidae) was 
3–3.3%, 3.1%, 3%, 3.1%, 3.1%, 3.6% and 3.7%, respectively.

The BLAST analysis based on the partial sequences 
of the Cox1 gene indicated our sequences of D. immitis, 
obtained from jackals and dogs (MZ266347-MZ266364), 
presented 100% homology with D. immitis isolated 
from dogs (KR870344 and KT960976), cat (KT282097), 
jackal (KT351851), and human (MH920260) in Iran, dog 
isolates of D. immitis from Thailand (MK250759 and 
MT027229), Italy (FN391553 and AM749229), China 
(EU159111) and Australia (AJ537512), jackal isolate from 
Italy (DQ358815), fennec fox isolate (MN945948) from 
USA and also Culex pipiens Linnaeus, 1758 (Diptera: 
Culicidae) isolate (LC107816) from Spain. In addition, 

Table 1 Frequency and prevalence of Dirofilaria immitis in road 
killed canids from northern Iran according to the sex and age 
class

Host Age class Sex Total (n = 53)
No. (%)

Pup
No. (%)

Adult
No. (%)

Male
No. (%)

Female
No. %

Canis aureus 
(n = 35)

1 (33.3) 7 (21.9) 4 (20) 4 (26.7) 8 (22.9)

Canis familiaris 
(n = 18)

0 (0) 10 (100) 7 (53.8) 3 (60) 10 (55.6%)

Fig. 3 Male and female adult worms of Dirofilaria immitis (a) and posterior end of a male Dirofilaria immitis showing spicules and pre-anal papillae 
(b and c)
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our sequences had 99.3–99.6% and 99.5% similarity with 
dog isolates of D. immitis from Thailand (MK250727, 
MK250739 and MK250750) and Italy (AM749228), 
respectively. The phylogenetic construction based on the 
Cox1 gene illustrated that all D. immitis isolates obtained 
in this study placed along with other isolates of D. immi-
tis from different hosts and countries in one major clade 
with high statistical support (Fig. 4). This major clade was 
located as monophyletic and a sister taxon of D. repens 
isolates.

The BLAST analysis based on 18S rRNA gene showed 
that the D. immitis sequences obtained in this study 
(MZ265267-MZ265284) had 100% similarity with D. 
immitis isolated from dogs in Japan (AB973230 and 
AB973231) and French Guiana (MN795081). Also, the 
sequences presented 99.9% with dog (MK673810) and 
re fox (MK673809 and MK673810) isolates of D. immitis 
from France. Additionally, our sequences had 97.1% iden-
tity with mosquito isolate of D. immitis (AF182647) from 
USA. According to phylogenetic analysis based on the 
18S rRNA gene (Fig. 5), our sequences were grouped in 
one cluster with D. immitis isolates obtained from dogs 
in Japan and French Guiana. In addition, dog and re fox 
isolates from France were placed close to the mentioned 
clade. Meanwhile, the mosquito isolate of D. immitis 
from USA was located separately from other isolates of 
D. immitis.

Discussion
D. immitis has a cosmopolitan distribution and infects 
dogs, cats, and wild canids, as well as humans [1]. Canine 
dirofilariasis has previously been reported from different 
parts of Iran with variable rate of infections [12, 38, 39], 
and also human infections associated with this species 
have been sporadically reported from the same regions 
that canine infections have been reported [6, 28, 38].

This study updates our understanding about the situa-
tion of D. immitis infection in dogs and jackals in north-
ern Iran and provides new molecular data about this 
nematode based on both Cox1 and 18S rRNA genes in 
the study area. In the present study, 55.6% of dogs were 
found to be infected with adult heartworm. The preva-
lence rates for D. immitis in dogs of different regions of 
Iran are related to the environmental and ecological fea-
tures, with the highest prevalence reported from Guilan 
(78.6%) and Mazandaran (50%) provinces in the south-
ern coasts of the Caspian Sea [21]. These provinces have 
mean annual temperatures in optimum range for mos-
quito development. Also, the mean annual humidity and 
rainfall of both Guilan and Mazandaran provinces is high 
which affect the propagation of the vectors [16]. The low 
prevalence was recorded in some reigns such as Esfa-
han (0.9%) [21], Tehran (1.4%) [17], Lorestan (6.9%) [21], 

Kermanshah (18.3%) [13], and Tabriz (11.6%) [40] could 
be due to unfavorable temperature for mosquito activity 
and decrease in yearly rainfall. Heartworm infection in 
dogs is widespread in many parts of the world, and the 
prevalence rate based on continent was Australia 22.68%, 
Asia 12.07%, America 11.60%, Europe 10.45% and Africa 
7.57% [41]. The prevalence of D. immitis varies among 
different regions of the world due to some epidemio-
logical factors, such as the distribution of the mosquito 
species, mosquito population density, environmental 
temperature, dog population density, and age of host [41].

In this study, D. immitis was detected in 22.9% of road 
killed jackals. This parasite has previously been reported 
in 8.9% (4/45) golden jackals from North Khorasan, 
northeast Iran [23]. In a similar study, the adult heart-
worm was found in one of eleven road killed jackals 
(9%) in Guilan province, northern Iran [22]. The exist-
ence of  D. immitis  in jackals (Canis aureus) has been 
reported in some European countries [4, 42]. The heart-
worm infection was found in jackals with a prevalence of 
8.9% in Bulgaria [4]. In Serbia, adult D. immitis was also 
detected in 7.32% of jackals [42]. This wildlife reservoir 
might be a potential source of infection for dogs and 
humans in the endemic areas.

The present study revealed that D. immitis in dogs was 
significantly higher than jackals. Similar to our finding, 
Vafae Eslahi et  al. (2017) showed that heartworm infec-
tion in dogs (25.9%) is higher than golden jackals (9%) 
in northern Iran [22]. However, in other study in north-
east Iran, D. immitis infection in jackals (8.9%) was much 
higher than dogs (0%), and foxes (0%) [23]. Likewise, the 
heartworm infection was reported with higher preva-
lence in jackals (7.32%) than other wild carnivores includ-
ing red foxes (1.55%) and wolves (1.43%) in Serbia [42].

The results of this study showed that there was no sta-
tistically significant difference between infectivity with D. 
immitis and sex in both dogs and jackals. Similar findings 
were indicated in most other studies on dogs [12, 13, 43–
46] and jackals [23]. Meanwhile, a few studies reported 
that the infectivity rate in males was higher than female 
dogs and jackals [42, 47].

In the present study, D. immitis in dogs was signifi-
cantly higher found in Guilan province. Also, the infec-
tion rate in jackals of Guilan province was more than 
Mazandaran; however, the difference was not statisti-
cally significant. Similar to our results, other studies also 
reported a significantly higher rate of heartworm infec-
tion in dogs in Guilan province than Mazandaran prov-
ince, both located in the southern coasts of the Caspian 
sea [16, 21]. Although, the mean annual rainfall of Gui-
lan province is a little more than Mazandaran, but it is 
necessary to do more investigations on other differences 
among these provinces.
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Fig. 4 Phylogenetic tree of Cox1 gene sequences of the Dirofilaria immitis obtained in this study (▲) and reference sequences retrieved from the 
GenBank. The tree was constructed based on the maximum likelihood method and the Tamura 3-parameter model in MEGA6. Ascaris lumbricoides 
sequence was used as the out group. Bootstrap values lower than 50 were omitted
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In last few decades, DNA sequence-based methods 
have been widely applied as useful tools to assess genetic 
variations, identification, classification, and phylogenetic 
analysis of filarial nematodes [37, 43, 48, 49]. In the cur-
rent study, no generic differences were found between 
D. immitis isolates obtained from dogs and jackals based 

on the Cox1 and 18S rRNA genes. Comparisons of our 
sequences and those available in the GenBank showed 
that the interspecific variation of the 18S rRNA gene 
(0–2.9%) is higher than Cox1 gene (0–0.7%).

The phylogenetic tree based on the Cox1 gene illus-
trated that our samples clustered with the major D. 

Fig. 5 Phylogenetic tree of 18S rRNA gene sequences of the Dirofilaria immitis obtained in this study (▲) and reference sequences retrieved from 
GenBank. The tree was constructed based on the maximum likelihood method and the Tamura 3-parameter model in MEGA6. Ascaris sp. sequence 
was used as the out group. Bootstrap values lower than 50 were omitted
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immitis group consisting of isolates from different hosts 
and geographically areas in European, Asian, and South 
American continents. Our Cox1 sequences had 100% 
similarity with most previously reported D. immitis 
sequences from Iran and other countries including Thai-
land, Italy, China, Australia, Spain, and the USA. Within 
this major clade, only four isolates form Thailand and 
Italy exhibited 0.4–0.7% differences to our sequences. 
This finding along with other studies [23, 48] indicate a 
low genetic variability based on the Cox1 gene among D. 
immitis isolates in various geographic locations.

Available 18S rRNA sequences of D. immitis in the 
GenBank are low; however, the phylogenetic analysis 
showed that our sequences were grouped with 100% 
identity with dog isolates from Japan and French Guiana. 
Moreover, the pairwise homology analysis revealed a sin-
gle nucleotide polymorphism (SNP) (T/C) in dog and fox 
isolates from France, which was responsible for separat-
ing them in the tree.

Conclusions
The results of the current study confirm high prevalence 
of D. immitis in dogs and jackals in northern Iran. Con-
sequently, the transmission risk of the filarial nematode 
with zoonotic potential must be informed to physicians 
and veterinarians in the regions. Hence, it is recom-
mended that an accurate and consistent screening and 
treatment program should be conducted among dogs in 
the study area. Our study provided the genetic structure 
of D. immitis based on both Cox1 and 18S rRNA genes, 
with no polymorphism found among the two canids in 
the different geographic locations. Providing additional 
genetic markers as well as obtaining more isolates from 
various geographical region would be useful for gaining a 
better understanding of genetic variation among popula-
tions of D. immitis.
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