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Abstract 
Background: Heartworm (Dirofilaria immitis) is mosquito-borne filarial nematode 

capable of causing serious cardiopulmonary disease in canines and felines, and 
pulmonary dirofilariasis in man. This research was conducted with the objectives of 
determining the incidence and assessing possible risk factors of canine heartworm 
in the southeast of Iran.  
Methods: From October 2012 to September 2013, blood samples from 87 dogs 
from Zabol area in Sistan and Baluchestan and 33 dogs from Bam area in Kerman 
Province were examined for detection of Dirofilaria immitis using modified knott test 
and serology. 
Results: Out of 120 dogs, 29 (24.2%; 95%CI: 16.6-31.8%) were positive, serologi-
cally. The overall seroprevalence of D. immitis in dog in Zabol and Bam was 27.5% 
(95% CI: 24.7-32.5%) and 15.15% (95% CI: 12.3-20.7%), respectively. 28.8% of 
stray dogs and 20.6% of housed dogs in the study areas were seropositive. Sero-
prevalence of D. immitis was not significantly different between stray and housed 
dogs (P=0.295). Investigation of seasonal dynamic of infection with D. immitis in 
stray and housed dog showed that the proportion of infected dog in spring and 
summer was greater than colder season (autumn and winter) which was not signifi-
cant. The prevalence of infection with D. immitis in >5 years old stray dogs (53.8%) 
was greater than other age categories while in housed dogs infection rate was great-
er in 3-5 years old (27.3%) . 
Conclusion: It is important to point out the increased incidence of canine 
heatrworm in Iran. In order to stop the spread of canine heartworm, preventive 
measures must be taken now.  
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Introduction  
 

irofilaria immitis, the causal agents of 
cardiopulmonary, affect canine, fe-
line and human populations with an 

increasing incidence in temperate and tropical 
areas of the world. Adult worm lives in the 
pulmonary artery of dogs and cats, resulting in 
the production of blood-circulating microfilar-
iae in dogs, while amicrofilaremic infections 
are common in felines. In humans, worm can-
not reach maturity, and preadult worm is re-
sponsible for pulmonary dirofilariosis (1). 
Cardiopulmonary dirofilariosis caused by adult 
worms and microfilariae in dog usually dis-
plays a progressive damage of the pulmonary 
blood vessels, parenchyma, and the right side 
of the heart. Alterations initially occur in pul-
monary arteries, with pathological relaxation 
of the artery wall, endarteritis and peri-
vascular inflammation, all key features leading 
towards the chronic pathology. These altera-
tions have been attributed to both immuno-
pathological and mechanical events elicited by 
the parasite. In human dirofilariosis, the devel-
opment of pulmonary is mainly attributed to 
the inflammatory reaction against dying 
worms that cannot reach maturity in this host 
(2). The presence of infected dogs in which 
adult Dirofilaria survive for years producing 
microfilariae, and the adequate environmental 
conditions for the development of vector 
populations are key factors for the distribution 
of dirofilariosis in specific geographical areas 
(3). Since some mosquito species transmitting 
dirofilariosis feed indiscriminately on different 
animal species, humans, the occurrence of D. 
immitis in canine populations imply a risk of 
infection for the feline, and human popula-
tions in areas were canine dirofilariosis is 
found (4). Until 1999, most epidemiological 
studies in dogs and cats and reports of human 
cases were concentrated in the United States, 
Japan, Mediterranean countries of Europe, 
Russia and Australia in which this disease was 
considered a health problem, from both the 

veterinary and medical point of view. In the 
past ten years, D. immitis from dog have been 
detected with increasing frequency in coun-
tries considered non-endemic until now (5).  

The prevalence and spread of heartworm in-
fection in Iran has been studied by several re-
searchers (6-17). The disease is diagnosed 
mainly in the northern and northwestern 
provinces (Gilan, Mazandaran, Golestan, East 
Azerbaijan, West Azerbaijan, Ardebil) with 
scattered reports from Tehran and Garmsar 
city in the central, shiraz and Kerman city in 
the south and Ahvaz city in the southwestern 
of country but not in Khorasan Razavi Prov-
ince where until now only Acanthocheilonema 
(previously Dipetalonema) reconditum has been 
found in dogs (18) (Fig.1). An increasing num-
ber of cases are now being diagnosed in 
Northern Province such as Gilan. The area of 
highest prevalence values for dogs is along the 
Caspian Sea in northern of Iran, from where 
the first observation of the worm was made at 
necropsy of stray dogs in 1969 (6,15). How-
ever, the spread of vectors of D. immitis in Iran 
could enhance the risk of transmission from 
dogs to humans. 

Human infection with D. immitis has been 
reported in many countries of the world and is 
possible wherever the parasite is endemic in 
dogs. Retrospectively reviews of human dirofi-
lariosis in the world, indicate that around 300 
cases of pulmonary dirofilariosis have been 
reported to date. Most cases of human pulmo-
nary dirofilariosis have been detected in the 
United States and Japan (19, 20). Due to the 
difficulty of diagnosing pulmonary dirofilaria-
sis, published case reports likely do not reflect 
the true risk that D. immitis poses for human 
health. Furthermore, D. repens has been re-
ported to infect occasionally humans. The 
public health significance of this species de-
pends largely on its geographic distribution. 
For instance, in Europe, the main concern is 
about D. repens.  

D 
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Fig.1: Geographical distribution of canine heartworm infection in Iran with showing investigated area in this 

study 

 
Recently, Fok (21) reviewed human dirofi-

lariosis in Hungary and concluded that all the 
autochthonous infections were caused by D. 
repens. The vast majority of cases of D. repens 
infection in humans report the detection of 
nodule in the tissues. Indeed, ‘aberrant’ locali-
zation of D. repens has also been reported in 
humans. In spite of high prevalence of canine 
heartworm in Iran, human pulmonary dirofi-
lariosis was not reported in the country yet, 
however, human subcutaneous and orbital and 
periocular dirofilariasis due to D. repens has 
been reported (22-25).Absence of human 
pulmonary dirofilariosis in Iran may be due to 
lack of available human serological test and 
patients must be undergoing invasive proce-
dures to differentiate heartworm from other 
more serious diseases. It should be noted that 
human heartworm infection is incidental and 

is typically not associated with severe clinical 
disease. The authors concluded that a subpleu-
ral, non-calcified pulmonary nodule in the ap-
propriate clinical and epidemiological setting 
should alert the clinician to the possibility of 
Dirofilaria infection and that human pulmonary 
dirofilariois should be considered in the dif-
ferential diagnosis of pulmonary nodules. No-
ticeably, human cases have been reported 
mainly in areas of high canine prevalence, 
highlighting the importance of heartworm 
testing and chemoprophylaxis in all dogs to 
reduce transmission. 

Considering aspects related to public health, 
study of the prevalence of canine dirofilariosis 
should therefore, be a continuous task, with 
the most relevant aim being the establishment 
of control measures. More interesting and in-
formative than the prevalence of canine heart-
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worm is the evolution of the frequency with 
which new area is detected. Taking all of this 
into account, the objective of the present 
study was to determine the incidence of ca-
nine heartworm in the southeastern of Iran, 
based on modified knott test and serology and 
to assess the risk factors associated with the 
presence of heartworm disease. 

 

Materials and Methods 
 

This study was conducted in two different 
regions in the southeastern of Iran. From Oc-
tober 2012 to September 2013, blood samples 
from 120 dogs from Zabol area (87 dogs) in 
Sistan and Baluchestan and Bam area (33 
dogs) in Kerman Province were used for de-
tection of D. immitis. Approximately 3-5 ml of 
blood was withdrawn from the cephalic vein 
of each dog, collected in sodium citrate vacu-
um tubes and stored under refrigeration 
(+4°C) in local laboratories.  

All blood samples were analyzed for the 
presence of peripheral blood microfilariae us-
ing the modified knott test and for circulating 
D. immitis antigens using a commercial kit ac-
cording to manufacturers’ instructions 
(SnapTM Canine Heartworm PF, IDEXX La-
boratories Inc., MA, USA). Two dogs that had 
died spontaneously from heartworm disease in 

Zabol area were used for tissue localization of 
parasite. 

Subsequent identification to the species level 
was based on morphological and morphomet-
ric characteristics (26). In order to evaluate the 
role of different risk factors for infection, sex, 
age and season of inspection of these was ani-
mals were recorded in a sheet.  

Association of prevalence a of antibody 
against D. immitis with sex, season and age cat-
egories was evaluated using chi square test 
with SPSS software version 16 and P< 0.05 
was considered as significant. The agreement 
between serological and modified knott test 
was performed using Kappa test. 
 

Results 
 

Out of 120 dogs, 29 (24.2%; 95%CI: 16.6-
31.8%) were positive, serologically. The over-
all seroprevalence of D.immitis in dog in Zabol 
and Bam were 27.5% (95% CI: 24.7-32.5%) 
and 15.15% (95% CI: 12.3-20.7%), respec-
tively. Seroprevalence of D. immitis in dog in 
Zabol and Bam for stray and housed dogs is 
reported in Table 1. 28.8% of stray dogs and 
20.6% of housed dogs in the study areas were 
seropositive. Seroprevalence of D. immitis was 
not significantly different between stray and 
housed dogs (P=0.295). 

 
Table1: Prevalence and 95% confidence interval of antibody against D. immitis in stray and housed dogs of 

Zabol and Bam district 
 

Area Type No. of animal tested Seropositive, 
N (%) 

95% confidence interval 

Zabol     
 Stray 38 13 (34.2) 19.2-49.2 
 Housed 49 11 (22.4) 10.8-34.1 
 Total 87 24 (27.5) 24.4-32.5 
     
Bam     
 Stray 14 2 (14.3) 0-32.6 
 Housed 19 3 (15.8) 0-32.2 
 Total 33 5 (15.2) 12.3-20.7 
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Based on modified knott test 6 (11.5%) and 
4 (5.9%) dogs were positive in stray and 
housed dogs, respectively. There was a moder-
ate agreement between serology and modified 
knott test (Kappa=0.42). Additionally, nec-
ropsy finding in two infected dogs in Zabol 
area revealed presence of adult worm of D. 
immitis in left ventricle. 

Investigation of seasonal dynamic of infec-
tion with D. immitis in stray and housed dog 
showed that the proportion of infected dog in 
spring and summer was greater than colder 

season (autumn and winter) which was not 
significant. The prevalence of infection with D. 
immitis in >5 years old stray dogs (53.8%) was 
greater than other age categories while in 
housed dogs infection rate was greater in 3-5 
years old (27.3%) (Table 2). In addition, the 
infection rate between male (33.3%) and fe-
male (24%) stray dogs did not show signifi-
cant difference (Table 2). In housed dogs, 
there were no significant differences in preva-
lence of infection with D. immitis between 
male (22.5%) and female (17.9%) (Table 2). 

 
Table 2: Univariate analysis showing the relationship between sex, season and age categories with seropreva-

lence of D. immitis in stray (N= 52) and housed dogs (N=68) 
 

  Stray dogs Housed dogs 
Variables Levels No. of animal 

tested 
Seropositive, 

N (%) 
Chi- square test, 

P-value 
No. of animal 

tested 
Seropositive, 

N (%) 
Chi- square 
test, P-value 

Sex        
 Male 27 9 (33.3) 0.458 40 9 (22.5) 0.641 
 Female 25 6 (24)  28 5 (17.9)  
Season        
 Spring 15 5 (33.3) 0.905 16 3 (18.8) 0.554 
 Summer 12 4 (33.3)  19 6 (31.6)  
 Autumn 12 3 (25)  18 3 (16.7)  
 Winter 13 3 (23.1)  15 2 (13.3)  
Age category        

 1-2 14 3 921.4) 0.135 17 2 (11.8) 0.533 
 2-3 12 3 (25)  19 3 (15.8)  
 3-5 13 2 (15.4)  11 3 (27.3)  
 >5 13 7 (53.8)  21 6 (18.6)  

 

Discussion   
 

The epidemiological situation of dirofilario-
sis is currently undergoing accelerated changes. 
In spite of efforts made to prevent and con-
trol the infection in dogs, canine dirofilariosis 
is rising in endemic areas as well as spreading 
into new areas reported as dirofilariosis-free 
until now (5,6). Consequently, an increasing 
number of human and feline dirofilariosis cas-
es are currently being reported in both en-
demic and neighboring areas where this dis-
ease was not previously detected (5). Moreo-
ver, a renewed interest in this zoonosis is also 
demonstrated by the worldwide reports of D. 
immitis in their different hosts in the past ten 

years, with new reports of human cases con-
centrated in Eastern Europe and the Middle 
East (1-3). 

Our examination shows that D. immitis is 
present in the both area. Our results in Bam 
area are in agreement with previous study 
from Kerman province (13), while in Zabol 
area this is for the first time that D. immitis is 
identified. Canine heartworm has become 
widespread in many parts of the world, and its 
range varies between 0.24% and more than 
50% in different areas of the world (27). Com-
paratively, infection rate of canine heartworm 
in Iran was ranged from 1.4%-51.42% (7-16). 
Several factors might be responsible for such 
an increase and for the change in the distribu-
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tion of canine dirofilariasis. One of these fac-
tors is the spread of animal dirofilariasis into 
areas previously considered non-endemic. 
This fact is attributed mainly to climatic 
changes that facilitate the introduction of 
competent vectors in areas in which they were 
not previously present and to the lack of con-
trol measures in animal reservoirs. Another 
important point to consider is the role of wild-
life reservoirs in perpetuating heartworm 
transmission. Considerably, D. immitis have 
been reported from wildlife carnivores such as 
jackals, foxes, wolves in Iran (17). These wild-
life reservoirs could constitute a significant 
source of infection for dogs and humans, es-
pecially in areas where reservoir density is high. 

Based on our data, the age of the dog was 
found to be an important risk factor associ-
ated with D.immitis infection. The result of 
current study revealed that infection rate in >5 
years old stray dogs is more prevalent than 
younger animals. Similar findings were re-
ported previously by several researchers (10, 
12, 15, 28). This might be associated with the 
higher possibility of the biting of host by in-
termediate host so that adult animals have 
larger infection rates and the highest preva-
lence . 

The present study indicated that male dogs 
are more susceptible to D. immitis infection 
than female, which was not significant. Find-
ing non-significant difference in prevalence by 
sex among dogs is in agreement with other 
investigators (10, 12, 15, 28, 29). This differ-
ence could be confounded by keeping place so 
that most of male dogs are kept outdoors for 
their use to defend safety and property.  

The seasonal dynamics of canine heatrworm 
showed that prevalence was highest in spring 
with a remarkable decline during the colder 
seasons that this difference was not significant. 
Due to the necessity of the intermediate host 
in dirofilariosis, influencing epidemiology of 
the intermediate host, determine epidemiology 
of the parasite indirectly. Moisture and moder-
ate temperature is considered an important 
factor in determining the survival and availa-

bility of mosquitoes. Thus, the relatively high-
er record of canine heatrworm during spring 
could also be because the survival and devel-
opment of intermediate host is favored by 
moderate temperature and high humidity. 
Moreover, development of D. immitis to the 
infective stage (L3) in mosquitoes occurs at a 
rate that is dependent on ambient temperature, 
and development may not occur at a threshold 
temperature below 14 °C (30). Importantly, 
the model of heartworm seasonality can be 
used for timing of heartworm chemoprophy-
laxis and scheduling of diagnostic testing. 

As observed by our study in canine diro-
filariasis, there was a moderate agreement be-
tween serology and modified knott test. It 
should be noted that the modified knott test is 
invaluable for identification of parasites when 
there is no microfiler. Serology is an alterna-
tive to this method. In spite of the small num-
ber of worms that cause canine infections, 
there is a considerable antibody response, 
which can be used for diagnosis. Different 
antigenic complexes and molecules derived 
from Dirofilaria spp have been used in ELISA 
or Western blot (31). 

Human and animal reservoir population dy-
namics and climate change could facilitate the 
introduction of new competent Dirofilaria vec-
tors in specific regions and this could be one 
cause for the epidemiological modifications. 
Besides, in regards to vector competence, 
studies on the variation of Dirofilaria transmis-
sion capacity from different haplotypes of a 
given mosquito species should be undertaken, 
since recent data have pointed out this possi-
bility in Culex pipiens (32). 

The changing geographical distribution of 
dirofilariosis could be influenced by several 
factors, including new human and pet popula-
tion dynamics and global warming, among 
others. In this respect, both the use of GIS 
and RS-based techniques, and potentially the 
new serologically based epidemiological tools, 
could contribute to building more efficient 
epidemiological prediction models. From the 
applied point of view, an adequate knowledge 
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of the epidemiology of canine heartworm will 
open the pathway to designing new strategies 
for the control of this zoonosis. 

 

Conclusion 
 

The geographic range of D. immitis will al-
most assuredly continue to expand with the 
effects of global warming, as more habitats 
suitable for the introduction and establish-
ment of vector mosquitoes are created. In or-
der to stop the spread of canine heartworm, 
preventive measures must be taken. Fur-
thermore, given the high frequency of travel 
within and between nations for business and 
leisure, exposure and infection at locations 
other than the primary residence are feasible. 
This further supports the recommendation of 
routine heartworm testing and prophylaxis in 
dogs, with the aim of protecting people as well 
as the dogs themselves. 
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