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Abstract 

irofilariasis commonly referred to as heartworm disease (HW), is a vector-borne zoonotic 

disease caused by Dirofilaria spp. It is a chronic and life-threatening cardiopulmonary disease 

predominantly affecting the stray dog population. The causative agent, Dirofilaria immitis, is 

transmitted by mosquitoes of the Aedes, Anopheles, and Culex genera and causes significant 

morbidity and mortality in infected animals. In Pakistan, the large population of stray dogs, 

particularly in rural and underdeveloped regions, remained neglected and subjected to mistreatment, 

leads to a high burden of parasitic infestation, including Dirofilariasis. Among the 27 species of 

Genus Dirofilaria species, Dirofilaria (D.)immitis is the most important due to its severe pathological 

effect and higher prevalence in dogs. The prevalence in India, Iran, China and Bangladesh - 

neighboring countries of Pakistan - is 22.08%, 5.4%, 7.4% and 50.0%, respectively. Other than dog, 

D.immitis can infect 30 species of animals includes wild cats, ferrets and wild canids. HW produces 

intense pulmonary vascular and parenchymal diseases which can lead to congestive heart failure, 

which may ultimately result in the victim's death. Dirofilariasis is believed to be emerging due to  

global warming, climate change and persistent movement of heartworm. Major diagnostic approaches 

includes Modified Knott’s technique, PCR and ELISA. Treatment for this infection includes two 

approaches, either medical or surgical or both depending upon severity. The main objective of this 

review is to assess the prevalence and current distribution of canine Dirofilariasis in neglected areas 

in comparison with the globe. In addition, the current review aimed to assess possible diagnostic 

procedure and therapeutic protocols of Dirofilariasis. 

Keywords: Dirofilaria immitis; Mosquitoes; Cardiopulmonary disease; Diagnostic methods; 

Treatment. 

 

Introduction  

Dirofilariasis, caused by Dirofilaria spp., is a 

significant parasitic disease with zoonotic 

implications, mainly affecting dogs as definitive 

hosts and humans as incidental hosts [1]. 

Dirofilariasis is a chronic and potentially fatal 

cardiopulmonary disease which mainly affects dog 

population [2]. The disease is also called heartworm 

(HW) disease and has a huge economic importance 

in dogs around the world [3]. It is one of the major 

health problem in tropical, sub-tropical and 

temperate regions [4].  

 By nature, It is a vector-borne parasitic disease 

caused by a small thread-like filarial nematode, 

Dirofilaria immitis. The transmission occurs entirely 

through the bite of infected mosquitoes belonging to 

the Aedes, Anopheles, and Culex genera, making 

direct host-to-host transmission impossible [5]. Adult 

heartworms typically reside within the right ventricle 

and pulmonary arteries [6], but in some cases, 

aberrant migration can result in their presence within 

the epidural space [7], brain [5], anterior chamber of 

the eye [8], lung parenchyma [9], or systemic arteries 

[10]. Although, Dogs serve as the definitive host 

of D. immitis, it can infect more than 30 species of 

animals includes foxes, wolves, wild canids, 
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domestic and wild cats, ferrets and human as well 

[1]. Heartworm disease is responsible for a life-

threatening systemic infection in dogs [11]. 

The genus Dirofilaria comprises 27 valid species, 

each with distinct geographic distributions and 

varying impacts on host species [12]. Among these, 

Dirofilaria immitis is the most clinically significant, 

primarily affecting dogs, where it causes severe 

cardiopulmonary disease [13-14]. Even light 

infection can lead to intense pulmonary vascular and 

parenchymal disease, posing a significant health risk 

[13]. In contrast, Dirofilaria repens is more 

commonly associated with subcutaneous infections 

in dogs and humans, with a wide distribution 

worldwide [6]. 

The cases of Dirofilariasis is found throughout 

the world wherever species of Dirofilaria are 

common [2]. The prevalence of HW disease is 

influenced by climate, socio-economic factors, 

topography and the presence of vectors [15]. D. 

immitis infection seems to be more prevalent in adult 

compared to growing dogs and in male than female 

dogs [16]. Dirofilaria immitis spp. is widely 

distributed in Africa, Asia, Australia, Latin America 

and Mediterranean countries [11]. 

The primary diagnosis is based upon clinical 

signs defining parasitism by a HW [17]. Antigen 

detection assays, such as ELISA, are the diagnostic 

method of choice for D. immitis due to their superior 

sensitivity and specificity, particularly in detecting 

circulating adult female heartworms [11]. It is 

recommended to use combine different diagnostic 

approaches [18] to reduce the chances of false-

negative results and develop a more accurate 

diagnostic test with higher sensitivity and specificity 

to better detect the disease. There are two treatment 

approaches based on severity of the infection that 

might be considered. The primary; medical approach 

includes melarsomine dihydrochloride as the first 

choice for treating HW disease [2-3], several 

macrocyclic lactones to control heartworm disease as 

preventive approach [19] and doxycycline [20]. The 

secondary; is the surgical approach that includes 

surgical removal of worms in dog from right 

ventricle and pulmonary artery through a forcep [21]. 

The Life Cycle of Dirofilaria immitis 

Dirofilaria immitis has an indirect life cycle as it 

involves mosquito as its intermediate host [22]. 

Adult D. immitis primarily resides in the pulmonary 

arteries, but as a of severe infection, they maybe 

colonized in the right ventricle of the heart [23]. 

Males can grow up-to 100-150mm while Female can 

grow up-to 250-300 mm in length [24]. In dogs, the 

adults can live up-to 5 years or possibly longer [2]. In 

this period, adult female worm produces microfilaria, 

which represent the first larval stage (L1) which will 

circulate in the bloodstream. 

The intermediate host, mosquito engulfs the 

microfilaria. The mosquito serves as an obligatory 

intermediate host in the lifecycle of D. immitis. 

Following ingestion of microfilariae during a blood 

meal, the larvae undergo two developmental molts 

within the mosquito over approximately 14 days, 

maturing into second-stage larvae (L2) before 

progressing to the infective third-stage larvae (L3). 

Afterwards the L2 molts to become an infectious 

stage (L3), which is settled in the head of mosquito. 

When the mosquito landed upon a host it takes a 

blood meal [22]. At this point the larvae burst out of 

the proboscis. The larvae gather around the 

mosquito’s stylet (the sharp part of its mouth) in a 

pool of hemolymph. When the stylet is withdrawn, 

the larvae enter the host through the hole it left. Once 

inside the host, the larvae (L3) follow a complex 

migration path. They stay near the entry site for 

about 1-12 days, during which they molt into fourth-

stage larvae (L4). This process usually finishes by 

day 4 but can sometimes take up to 12 days after 

infection [2]. 

The molt to the juvenile adult stage typically 

happens by day 58. Over the next 99 to 152 days, 

the first worm reaches its final destination, the 

pulmonary artery. By 184 to 210 days post-

infection, the worms become sexually mature and 

start producing microfilariae, completing their life 

cycle [2]. 

Historical Milestones in Heartworm Disease 

Research 

The earliest documented observation of canine 

heartworm disease dates back to 1626, when 

Francesco Birago, a Lombard nobleman, recorded 

the presence of adult Dirofilaria immitis in the hearts 

of his hunting dogs. Although Birago misidentified 

the parasites as larvae of another species, his findings 

laid the foundation for the eventual recognition of D. 

immitis as a distinct species and the etiological agent 

of heartworm disease in canines [25]. 

In 1856, significant progress was made by Joseph 

Mellick Leidy, an American paleontologist and 

parasitologist. Leidy was the first to relate the species 

name ‘immitis’ and provided a detailed description 

of the worm’s morphology. His work positioned the 

groundwork for the modern thoughtful of this 

parasite and helped distinguish it from other similar 

organisms [26]. 

Despite its recognition in dogs, the zoonotic 

budding of Dirofilaria immitis was not understood 

until much later. The first recognized human case of 

Dirofilariasis was reported in 1952 in the United 

States. This discovery knowingly expanded the 

understanding of the disease, highlighting its ability 

to infect not only animals but also humans [26]. 

Following the first human case in the United States, 

additional cases were reported worldwide, especially 

in regions with high mosquito activity. These cases 
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have led to a broader consciousness of the zoonotic 

potential of heartworm and the importance of 

monitoring and controlling the disease in both animal 

and human inhabitants [27]. 

Presently, Dirofilariasis is caused by parasites 

from the genus Dirofilaria. It mainly affects dogs but 

can also poison humans  [14]. 

Global and Regional Prevalence of Canine 

Dirofilariasis 

Dirofilariasis is found throughout the world 

wherever species of Dirofilaria are common [2].  

The pervasiveness of D. immitis infection in dogs 

worldwide is 10.91% [28]. Prevalence of Dirofilaria 

immitis in different countries has been accessible in 

Table 1. 

This prevalence is influenced by multiple factors, 

including climate, socio-economic factors, 

topography and the presence of vectors [15]. [16] 

investigated that D. immitis infection was more 

prevalent in adult (55.56%) compared to growing 

(0.0%) dogs and in male (72.73%) than female 

(36.84%) dogs. 

The epidemiological landscape of Dirofilariasis 

is rapidly evolving, with an increasing prevalence in 

endemic regions and its spread to previously 

unaffected areas [55], Contributing factors include 

global warming and climate change, which are 

expanding the range of Dirofilaria species to new 

territories [56]. Since its first discovery in Iran in 

1969 by Sadighian, Dirofilariasis has been reported 

across all continents where mosquitoes, the primary 

vectors, are found [56-57].  

Prevalence varies widely across countries due to 

factors like mosquito distribution, mosquito fertility 

and density, animal activities, environmental 

temperature, living conditions, and the average age 

of the host [28]. The disease is predominantly 

prevalent in regions with temperate, semitropical, or 

tropical climates, such as the United States, Canada, 

Australia, Latin America, and southern Europe, 

where environmental situations favor the life cycle of 

Dirofilaria immitis [2,4]. In the U.S., the highest 

rates are found from Texas to New Jersey and along 

the Mississippi River and its tributaries [56].  

Wild canids together with stray dogs, domestic dogs 

and coyotes represents a potential reservoir host for 

Dirofilaria immitis [58]. 

Etiology of Heartworm Disease: The Role of 

Dirofilaria spp. 

Dirofilariasis, caused by zoonotic filarial 

nematodes of the genus fitting to family 

Onchocercidae, is a significant parasitic disease 

affecting both animals and, less commonly, humans 

[1,59]. Among the 27 valid species within this 

genus, Dirofilaria immitis is documented as the 

most clinically significant [25] due to its severe 

pathological effects, high prevalence, and 

incidence, especially in canine hosts [14]. Unlike 

other species, such as Dirofilaria repens, which 

primarily affects subcutaneous tissues, D. immitis 

inhabits the pulmonary artery and right ventricle, 

leading to cardiopulmonary complications in 

diseased dogs [60]. 

In human hosts, Dirofilaria species are unable to 

complete their lifecycle, as the human immune 

system prevents the larvae from maturing into adult 

worms. However, microfilariae can migrate to 

various tissues, where they may trigger localized 

inflammatory reactions. Microfilariae are 

stereotypically absent in the bloodstream of infected 

humans [61-62], preventing the nematodes from 

accomplishment maturity within the heart or skin, as 

seen in D. immitis infections in dogs [42].  

Transmission Dynamics of Dirofilaria immitis 

Mosquitoes from the Aedes, Anopheles, and 

Culex genera are primary vectors in the transmission 

of Dirofilaria immitis, the causative agent of 

heartworm disease [63-64]. Female mosquitoes, 

vaguely, play a crucial role in this transmission cycle 

as they are the ones that feed on blood, which is 

obligatory for the maturation of their eggs [65-66]. 

The transmission of D. immitis initiates when a 

mosquito ingests microfilariae during a blood meal 

from an infected host [66]. These microfilariae 

undergo several developmental stages within the 

mosquito, culminating in the infectious third-stage 

larvae (L3) [22,67]. Upon biting a susceptible canine 

host, the mosquito deposits these larvae into the skin, 

from where they migrate into the bloodstream, 

ultimately reaching the pulmonary arteries and right 

ventricle to mature into adult heartworms [66]. 

Once in the heart and pulmonary arteries, the 

Dirofilaria immitis worms mature into adults. Adult 

worms can rise up to 31 cm long and can live for 

several years within the host. Their existence in the 

cardiovascular system causes signify cant physical 

damage to the heart and lungs. The worms can 

obstruct blood flow, leading to a range of severe 

circumstances, including pulmonary embolism, 

which is the blockage of arteries in the lungs by clots 

[68]. This blockage can cause lung tissue to die due 

to lack of oxygen (pulmonary infarction) and may 

lead to the materialization of cavities within the lung 

tissue [69]. Additionally, the presence of heartworms 

can lead to spontaneous pneumothorax, a condition 

where air leakages into the space between the lung 

and chest wall [70]. 

Pathogenesis of Dirofilaria immitis: Pulmonary and 

Cardiovascular Impact 

The pathogenesis of heartworm disease is 

influenced by the worm burden, the host’s immune 

response, duration of infection, and the level of 

physical activity [33]. 
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Heart disease has many clinical manifestations an

d is caused by adult and primary parasites (microfilar

iae). Adult heartworms predominantly inhabit the 

pulmonary arteries, where they cause the most 

prominant pathological changes, and may extend into 

the right ventricle in cases of heavy worm burdens 

[6]. The initial lesion occurs in the pulmonary 

arteries and lung parenchyma and is usually caused 

by adult intravascular parasites. If untreated, they can 

cause pulmomary hypertension [71], Pulmonary 

hypertension places extra pressure on the right side 

of the heart, which can cause right ventricular 

dysfunction, arrhythmias, and ultimately, right-sided 

heart failure [72]. Other symptoms are related to the 

blockage of blood flow due to location of D. immitis 

at the level of heart’s tricuspid valve in the right 

atrium [71]. In rare cases, aberrant migration of adult 

worms occurs, leading to their presence in a typical 

locations such as epidural space [7], brain [5], 

anterior chamber of the eye [8], lung parenchyma 

[9], or systemic arteries [10]. These unusual locations 

are often associated with severe or advanced 

infestation and can result in localized inflammation, 

obstruction, or other organ-specific complications. 

The day after Dirofilaria immitis enters the 

arterial system, it starts damaging the walls of the 

pulmonary arteries. The endothelium develops 

smooth muscle structures, and the arteries become 

hardened, which blocks blood flow. This process is 

driven by Platelet Derived Growth Factor. The 

endothelial damage and inflammation lead to 

surrounding tissue swelling. In active dogs, the 

increased oxygen demand causes heightened 

cardiovascular activity. This frequent exertion for 

meeting required demands of oxygen increases 

pulmonary arterial pathology and may leads to 

congestive heart failure [73]. 

Studies have demonstrated that the intensity of 

Dirofilaria immitis larval invasion in dogs leads to 

significant changes in blood parameters, which 

worsen as the larval density increases. These changes 

are primarily driven by the inflammatory response 

and vascular damage caused by presence of larvae 

and adult worms. In dogs with an invasion intensity 

of 20–40 larvae/cm³, there is a noticeable decrease in 

red blood cells by 11.92%, hemoglobin by 16.33%, 

and hematocrit by 12.70%, likely due to the 

mechanical damage caused by the worms and their 

metabolites which can lead to anemia, 

thrombocytopenia, and alterations in red blood cell 

indices. White blood cells increase by 15.17%, 

reflecting the immune system's activation in response 

to combat the parasitic infection. With a higher 

invasion intensity of 40–60 larvae/cm³, these effects 

are more pronounced: erythrocytes decrease by 

25.54%, platelets by 34.03%, hemoglobin by 

30.86%, and hematocrit by 20.56%, with an increase 

in leukocytes by 32.75% and ESR by 1.84 times. At 

the highest invasion intensity, over 60 larvae/cm³, the 

reductions are even more severe: erythrocytes drop 

by 47.21%, platelets by 42.84%, hemoglobin by 

42.27%, and hematocrit by 41.57%, with leukocytes 

increasing by 44.98% and ESR by 2.51 times [74]. 

Clinical Manifestations of Canine Heartworm 

Disease 

Although many dogs infected with Dirofilaria 

immitis may exhibit no clinical signs initially [79], if 

left untreated, these dogs are at risk of developing 

nonspecific and varied cardiorespiratory 

complications [80]. These complications, including 

exercise intolerance, coughing, pale mucous 

membranes, dyspnea, anorexia, and weight loss [79], 

can be subtle and are often misdiagnosed, being 

confused with other cardiorespiratory diseases [81]. 

As the infection advances, more severe signs such as 

hemoptysis, tachypnea, and syncope may emerge, 

indicating advanced cardiopulmonary involvement 

[72].Others,[82] emphasized that the severity of 

clinical symptoms is directly correlated with the 

worm burden in the heart and pulmonary arteries. A 

high worm burden obstructs blood flow, increasing 

resistance within the pulmonary arteries and leading 

to an increase in pulmonary arterial pressure. This 

persistent pressure overload puts strain on the right 

ventricle, eventually resulting in right-sided heart 

failure [72,83]. Additionally, the physical presence of 

worms irritates the arterial walls, leading to an 

inflammatory response characterized by endothelial 

cell damage, leukocyte infiltration, and cytokine 

release. This inflammation contributes to swelling of 

the artery walls, which further narrows the lumen and 

aggravates pulmonary hypertension. The increased 

vascular resistance can also cause fluid to accumulate 

in the pleural cavity as a result of elevated 

hydrostatic pressure, while the inflammatory 

mediators induce lung parenchymal and bronchial 

inflammation, as well as alveolar damage. 

Laboratory findings in affected dogs often expose 

microfilaremia, leukocytosis, eosinophilia, 

thrombocytopenia, elevated myoglobin levels [83], 

and increased cardiac troponin sensitivity, which are 

indicative of significant heart damage [84]. 

In severe cases, heartworm infection can tip to 

life-threatening conditions such as pulmonary 

thromboembolism, heart failure, and caval syndrome. 

Without timely intervention, these conditions may 

result in the death of the affected animal. Therefore, 

early diagnosis and prompt treatment are critical to 

handling heartworm disease and improving the 

prognosis for infected dogs [72]. 

 Advances in Diagnostic Methods for Canine 

Dirofilariasis 

A diagnosis is often based on a dog's exposure to 

mosquitoes in areas where Dirofilaria immitis is 

common and on clinical signs of heartworm 

infection. However, some clinical signs can mimic 

heartworm disease. Therefore, diagnosis should 
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include antigen detection in serum, plasma, or whole 

blood. Traditional methods, like blood smears, 

Knott,s or filtration test or histochemical staining of 

microfilaria which identify microfilariae by their 

appearance, are also used for all species with blood-

circulating microfilariae [86]. These clinical tests to 

diagnose D.immitis are based on parasitological, 

serological and molecular methods and may vary in 

sensitivity and specificity [87].  

Modified Knott’s Technique: A Conventional Method 

for Microfilariae Detection 

The modified Knott's test is the most widely used 

method among concentration tests in parasitology 

[88], and is currently considered as the gold standard 

among conventional tests for detection of circulating 

microfilariae in the blood.  The sensitivity and 

specificity of modified Knott’s method is 85.71% 

and 92.85% respectively [78]. [89] observed that, 

modified Knott’s test was more sensitive comapared 

to direct smear test, because it concentrates the 

microfilaria. 

It involves use of whole blood mixed with 2% 

formalin which is then centrifuged at 2,300 relative 

centrifugal force (RCF) for 5 min. The supernatant is 

removed and the remaining pellet is mixed with 1% 

methylene blue stain, the number of microfilariae are 

then counted and examined under a microscope using 

10 × objective [90]. 

The most common canine filarial species with 

microfilariae in the blood are Dirofilaria immitis, D. 

repens, Acanthocheilonema dracunculoides, and A. 

reconditum [27]. These species release microfilariae 

into the blood of their final hosts, making the 

detection of circulating mf the primary method for 

diagnosing canine filariosis [24].  Thus, the number 

of circulating microfilariae does not relate with the 

number of adult Dirofilaria immitis and thus does not 

demonstrate illness seriousness [91]. Specific 

identification of those tiers is important for an 

accurate analysis and for choosing the ideal treatment 

[24]. The MK test is highly sensitive for detecting 

microfilariae because it concentrates the sample, 

allowing for microscopic examination of mf 

morphology, which is essential for distinguishing D. 

immitis from D. repens, Acanthocheilonema 

dracunculoides, and A. reconditum [92].  

Molecular Diagnostics: The Role of PCR in 

Detecting Dirofilaria immitis  

Polymerase chain reaction (PCR) is currently 

suggested as a species-specific method for the 

diagnosis of D. immitis. PCR is considered as gold 

standard and can be used to estimate the tests [87]. It 

is used to detect DNA and enable sequencing for 

species differentiation and confirmation [93]. 

Combining a qPCR assay with the D. immitis antigen 

test offers an effective alternative for heartworm 

screening. The qPCR method is more precise than 

the MK test, specifically detecting D. immitis DNA 

without cross-reacting with A. reconditum [92].  

The "cytochrome oxidase subunit I (COI)" gene 

is nominated as the target for detecting Dirofilaria 

immitis [94]. The sensitivity and specificity of 

multiplex qPCR system is 100% and 99.3% 

respectively with almost perfect agreement with the 

true positive rate, as indicated by a kappa value (k) of 

0.98 for Wolbachia endosymbiont of D. immitis [95].  

Serological Approaches: ELISA for Heartworm 

Antigen Detection 

ELISA is used to identify antigen of Dirofilaria 

immitis using IDEXX Snap™ 4Dx® or 

DiroCHEK®. It is more actual in serological 

diagnosis of heartworm [93]. It’s sensitivity and 

specificity, which range from 85.7% to 100%, 

depend on the number of mature female D. immitis 

present [96] which helps the detection of hidden 

infections. [93] detected that the PCR positivity rate 

(15.5%) was lower than the ELISA rate (29.1%). 

This could be due to hidden contaminations, issues 

with DNA extraction, or low levels of D. immitis 

microfilariae that PCR couldn’t detect. [97] observed 

similar results that the positive rate by ELISA was 

18.03% while the positive rate by PCR was only 

13.93%. 

ELISA can be a better investigative test to detect 

infection with a low number of worms than the 

haematological diagnostic tests. It can give more 

precise indication of the level of infection when used 

along with other techniques e.g. modified Knott’s 

and PCR [78]. Diagnosing D. immitis infection in 

dogs depends on distinguishing antigens produced 

mainly by adult female worms, along with a 

microfilaria detection test [92]. 

Ultrasonography and Radiography: Imaging Tools 

for Disease Severity 

A chest X-ray and a comprehensive 

echocardiogram are suggested for all dogs testing 

positive for D. immitis. Echocardiography should 

focus on the occurrence and severity of pulmonary 

hypertension and is important in analyzing 

pulmonary hypertension [98]. Echocardiography was 

used to confirm the diagnosis of vena caval 

syndrome [99]. Ultrasound diagnostics is a recent 

and convenient examination method for estimating 

the general condition of animals and humans and 

detecting various diseases in the body [100]. [100] 

mentioned that number of nematodes found depends 

on the microfilariasis infestation density index: no 

nematodes are found when the index is less than 40 

larvae/cm3 by echocardiography. Beyond this 

measurement, [100] found 1-10 parasites in the right 

ventricular and right atrial cavities and in the 

tricuspid valve leaflets. 
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Treatment Protocols for Heartworm Disease in Dogs 

Treating a heart disease in dogs is difficult and 

often has risky side effects like Pulmonary 

Thromboembolism due to of destruction of adult 

parasites and their embolization within the blood 

vessels. Therefore, it is necessary to choose the 

appropriate treatment. Before treatment, each 

animal's condition should be evaluated, including 

parasites, age and size [2]. Treatment of an 

established HW infection in dogs requires long-term 

medication, exercise limitation and sometimes 

surgery [102].  

Pharmacological Management: Macrocyclic 

Lactones and Melarsomine Dihydrochloride 

Arsenamide sodium, used for treating adult D. 

immitis since the 1940s, required hospitalization due 

to potential liver and kidney toxicity. In the 1990s, 

melarsomine dihydrochloride replaced arsenamide 

because it is safer and more effective. Melarsomine 

dihydrochloride remains the preferred treatment for 

heartworm disease. While it reduces the need for 

hospitalization, dogs still need exercise restriction to 

avoid thromboembolism [3]. Some authors [20] 

found that treating with doxycycline orally for 30 

days and applying 10% imidacloprid plus 2.5% 

moxidectin topically for 9 or 10 months, starting at 

either 105 or 149 days post-infection, was 100% 

effective in controlling heartworm infection. 

Research by [103] showed that combining 

macrocyclic lactones with doxycycline has a 

synergistic effect against both microfilariae and adult 

heartworms. Currently, heartworm prevention 

primarily uses macrolide drugs such as ivermectin, 

milbemycin oxime, and moxidectin [19]. Selamectin 

administered topically at a minimum dose of 6 mg/kg 

body weight for 36 months was 100 % effective for 

D. immitis prevention in dogs [104]. 

Dogs with a high risk of complications should 

undergo stabilization prior to the administration of 

melarsomine. Treatment aimed at stabilization 

typically involves cage rest, oxygen therapy, 

corticosteroids, and a 1–2 month course of 

doxycycline. Administering doxycycline before 

starting the split-dose melarsomine (three doses) 

protocol helps reduce the risk of severe reactions 

associated with the death of heartworms. Strict cage 

rest is advised for several weeks after adulticide 

treatment to lower the risk of serious complications 

like secondary pneumonia and thromboembolism, 

which can occur as the dying adult worms move into 

the lungs [105,106]. [106] recommends a range of 

treatments for dogs that include using adulticide 

drugs like melarsomine, along with pre-treatment 

with a macrocyclic lactone such as ivermectin, helps 

reduce the number of circulating microfilariae.  

Surgical Intervention: Managing Severe Heartworm 

Burdens 

High pulmonary artery pressure, reduced cardiac 

output or low blood pressure,  large heartworm 

burden, simultaneous or delayed maturation of 

worms, and prophylactic or adulticide therapy can 

result in migration of heartworm from the pulmonary 

arteries into the heart resulting in life threatening 

caval syndrome (CS), also known as Dirofilaria 

hemoglobinuria [108]. Caval syndrome occurs in 

55% of heartworm‐positive dogs [109]. Diagnosis of 

caval syndrome is based on sudden onset of severe 

lethargy, dyspnea, pale mucous membranes, and 

weakness frequently appear along with 

hemoglobinemia and hemoglobinuria and a loud 

systolic murmur of tricuspid regurgitation [80]. 

Surgical removal of worms in dog is 

accomplished using light sedation, local anesthesia, 

and either a minivascular snare catheter [107] or 

forceps is introduced through jugular vein and enters 

the right ventricle and finally into the pulmonary 

artery , guided with help of a fluoroscope. The 

heartworms are pulled out by the jaws of forcep and 

the process is repeated until all the parasites are 

removed [21]. 

Prevention and Control Strategies for Canine 

Dirofilariasis 

Prevention of Dirofilariasis centers on reducing 

mosquito exposure and employing prophylactic 

treatments. Measures include minimizing outdoor 

activities during peak mosquito activity periods, 

using insect repellents, and utilizing insecticide-

treated bed nets. The HW disease in dogs can be 

prevented by administering diethylcarbamazepine 

daily during and after heartworm season [110]. 

Routine and reliable screening tests are 

recommended to be performed in dogs for D. immitis 

infection in endemic areas [28]. 

The macrocyclic lactones are the most commonly 

used chemoprophylaxis agents, most MLs are 

administered either in oral, topical, or parenteral 

formulations at an interval of a month or 6 months or 

12 months. Most commonly used MLs in case of 

HW infection are ivermectin, selamectin, 

eprinomectin, and abamectin and moxidectin [111]. 

When used correctly, chemoprophylaxis is almost 

100% effective against heartworm disease [2,112]. 

Preventive treatment using macrocyclic lactones 

should be started in puppies as early as possible, but 

no later than at 8 months of age [113]. The above 

mentioned MLs are effective against Dirofilaria 

immitis third-stage larvae (L3) and fourth-stage 

larvae (L4), and the extreme sensitivity of early L4s 

to MLs  can effectively prevent the larval stages 

of D. immitis from being developed to the pathogenic 

adults and thus prevent HW disease [112]. 
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Resistance to macrolide anthelmintics has been 

observed in various nematode species. Studies 

indicate that resistance develops when a higher 

proportion of parasites survive a specific drug dose 

compared to a normal population [111]. 

Zoonotic Implications of Dirofilaria immitis 

Heartworm disease is a zoonotic illness, meaning 

people in areas where it is common are more prone 

to the infestation [114]. In humans, D. immitis 

infections are typically aborted, with larvae failing to 

reach maturity. Upon reaching the pulmonary 

arteries, these immature larvae induce inflammatory 

responses, resulting in granuloma formation and 

occasional pulmonary nodules, which may mimic 

malignancy on radiographic examination [111]. Most 

of the patients infested with Dirofilariasis remains 

asymptomatic and those with symptoms have a 

cough, chest pain, fever and pleural effusion [110]. 

Prevalence of Dirofilariasis in human is 7.8% in 

Italy and Tunisia [115]. 

Vector-borne zoonotic diseases cause human and 

animal deaths and economic losses on a global scale, 

and greatly affect the economic development of 

developed and developing countries.  The first case 

of human pulmonary Dirofilariasis due to D. immitis 

was announced from Mumbai, India [110]. Since the 

natural transmission of heartworm disease is through 

microfilariae and microfilariasis never occurs in 

humans, heartworm disease cannot be transmitted 

from one person to another [2,14]. 

Future Directions and Recommendations for 

Heartworm Management 

There is a need for new therapeutic agents 

targeting adult worms, as resistance to current 

treatments like macrocyclic lactones is emerging 

[111,112,116]. Thus, researcher should focus on 

understanding the mechanisms behind this resistance 

and developing new therapeutic strategies to 

overcome resistance. 

Raising public awareness about the importance of 

heartworm prevention, especially in endemic areas, 

can significantly reduce the incidence of the disease. 

The [80] emphasizes regular use of preventive 

medications and routine testing. Veterinarians should 

be more vigilant about this zoonotic disease and take 

appropriate steps to prevent it in dogs [28]. 

Dirofilariasis should be reduced by designing active 

surveillance programmes at national and regional 

level. 

Vector control remains crucial in preventing 

heartworm transmission. Studies have highlighted 

the effectiveness of integrated mosquito management 

programs in reducing vector populations. [110] 

suggested exposing as little skin as possible, using of 

insect repellent, sleeping under an insecticide treated 

bed net, walking dogs earlier in evening before 

mosquitoes become active and using of mosquito 

larvicides to avoid or reduce mosquito bites. 

There is a need for more rapid, accurate, and 

cost-effective point-of-care diagnostic tests that can 

detect Dirofilaria immitis infections early in both 

symptomatic and asymptomatic dogs. These tests 

should be easy to use in various settings, including 

remote areas with limited veterinary access. [18] and 

[117] recommended to combine different diagnostic 

approaches to reduce the chances of false-negative 

results. 

Conclusion and Global Implications of Canine 

Dirofilariasis 

Heartworm disease is a vector-borne parasitic 

zoonotic disease found throughout the world, which 

is caused by Dirofilaria immitis. This review 

underscores the considerable variation in the 

prevalence and geographic distribution of canine 

Dirofilariasis, with neglected regions bearing a 

disproportionate disease burden. Understanding the 

multifactorial drivers behind these variations, 

including climatic conditions, vector ecology, and 

socio-economic factors, is crucial for developing 

targeted prevention and control strategies that protect 

both animal and public health. 

The review underscores the need for a global 

effort to address canine Dirofilariasis, with particular 

attention to neglected regions where the disease 

burden remains high. By doing so, it is possible to 

reduce the incidence of heartworm disease and 

protect both canine and human health in the affected 

regions. Therefore, lifelong chemoprophylaxis is 

needed to prevent canine Dirofilariasis. 
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Fig. 1. Image showing the Life cycle of Dirofilaria immitis 

 

TABLE 1. Prevalence rate of Dirofilaria immitis in different countries 

Country Diagnostic methods Overall  Prevalence References 

India Wet blood film method & modified Knott’s technique 22.08% [29] 

West indies ELISA 17% [30] 

Bulgaria Enzyme immune assay technique 34.33% [31] 

Cambodia N/A 33.33% [32] 

China 16S rRNA gene PCR 7.4% [118] 

Portugal PCR & modified Knott’s technique 48.4% [33] 

Romania Necropsy records 4.36% [34] 

Brazil ELISA 7% [35] 

Slovakia N/A 64.0% [36] 

Thailand COI-PCR 57.89% [37] 

Iran ELISA 5.4% [38] 

Central Italy Serological assays 7.75% [39] 

Lithuania, Latvia 

& Poland 

SNAP Absent [40] 

Bangladesh Antigen Test Kit 50.0% [16] 

Serbia Antigen Test Kit 25.30% [41] 

Moscow, Russia N/A 3.4% [42] 

Hungary Necropsy records 2.7% [43] 

Nigeria Wet mount & Buffy coat method 40.00% [44] 

Nepal Modified Knott's technique 19.3% [45] 

Central Greece ELISA 21.7% [46] 

Malaysia N/A 3.85% [47] 
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Country Diagnostic methods Overall  Prevalence References 

Taiwan Antigen Test Kit 22.8% [48] 

Sri Lanka PCR & Direct smear test Absent [49] 

Turkey PCR & Antigen test kit 10.0% [50] 

USA Quantitative PCR 6.3% [11] 

Australia modified Knott’s test1 & Antigen test kit2 16.7%1 

22%2 

[51] 

Philippines PCR 13.6% [52] 

Indonesia PCR & Antigen test kit Absent [52] 

Singapore PCR & Antigen test kit 2.6% [52] 

Myanmer PCR 28.0% [53] 

Iraq Wet mount technique &  Modified Knott's test 27.8% [54] 

 

Table 2. Clinical hematology and serum biochemistry of dogs infected with Dirofilaria immitis 

Parameters Infected Dog Normal Dog References 

WBC (×103cells/µL) 17.16 ± 5.65 11.10 ± 2.13* [75] 

RBC (x106/uL) 4.81 ± 0.13 7.20 ± 0.92* [74] 

Platelets 141.50 ± 21.60 160.00 ± 13.24 [76] 

ALT (U/L) 94.92±26.31 48.39±16.52 [77] 

BUN (mg/dL) 26.14±12.60 60.00±31.12 [77] 

Creatinine (mg/dL) 2.09 ± 0.82 1.20 ± 0.42* [75] 

 

 

 

Fig. 2. Adult Dirofilaria immitis worms in the right heart ventricle of Tibetan Mastiff male dog [85] 
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Fig. 3. Right parasternal short-axis echocardiographic view showing a mass of heartworms (long and short equal 

signs; white asterisks) traverses the tricuspid valve [101] 

 

 

Fig. 3. Hematological and serum biochemical parameters before and 1 month after heartworm removal of cat and dog 

[Data compiled from 107] 

 

References 

1. Otranto, D. and Deplazes, P. Zoonotic nematodes of 

wild carnivores. International Journal for 

Parasitology: Parasites and Wildlife, 9, 370–383 

(2019). 

2. Abdulkadir, M. and Kebede, I.A. A review of canine 

dirofilariasis and its zoonotic importance. World 

Journal of Health and Medical Sciences, 2(1), 1018 

(2024). 

3. Noack, S., Harrington, J., Carithers, D.S., Kaminsky, 

R. and Selzer, P.M. Heartworm disease—Overview, 

intervention, and industry perspective. International 

Journal for Parasitology: Drugs and Drug 

Resistance, 16, 65–89 (2021). 

4. Ying, Z., Upadhyay, A., Wang, J., Han, Q. and Liu, 

Q. The prevalence of canine dirofilariasis in China: A 

systematic review and meta-analysis. Parasites & 

Vectors, 16(1), 207 (2023). 

-20

0

20

40

60

80

100

120

WBC
(x103/uL)

RBC
(x106/uL)

PCV (%) Lymphocyte
(x103/uL)

Monocyte
(x103/uL)

Eosinophil
(x103/uL)

ALT (U/L)

Before treatment After treatment



CANINE DIROFILARIASIS BY DIROFILARIA IMMITIS ―AN EMERGING ZOONOTIC INFECTION... 

Egypt. J. Vet. Sci.  

11 

5. Adebayo, O.O., Akande, F.A. and Adenubi, O.T. 

Canine dirofilariasis: A case report and review of the 

literature. Folia Veterinaria, 64(3), 75–81 (2020). 

6. Fuehrer, H.P., Auer, H., Leschnik, M., Silbermayr, 

K., Duscher, G. and Joachim, A. Dirofilaria in 

humans, dogs, and vectors in Austria (1978–2014)—

From imported pathogens to the endemicity of 

Dirofilaria repens. PLoS Neglected Tropical 

Diseases, 10, e0004547 (2016). 

7. Lim, S., You, M., Sohn, S., Won, S., Song, D. and 

Hong, Y. Computed tomographic and magnetic 

resonance imaging features of canine cervical 

epidural dirofilariasis. Veterinary Radiology & 

Ultrasound, 1, 1–9 (2024). 

8. Goh, Y.S., Kim, H.M., Alkathiri, B., Chang, H.S., 

Yoon, Y.M., Lee, S.H. and Park, K.M. Two cases of 

ectopic dirofilariasis by Dirofilaria immitis in 

subconjunctival and subcutaneous tissues in dogs. 

Parasitology International, 92, 102683 (2023). 

9. McCall, J.W., Genchi, C., Kramer, L., Guerrero, J., 

Dzimianski, M.T., Supakorndej, P., Mansour, A.M., 

McCall, S.D., Supakorndej, N., Grandi, G. and 

Carson, B. Heartworm and Wolbachia: Therapeutic 

implications. Veterinary Parasitology, 158(3), 204–

214 (2008). 

10. Atwell, R.B. Clinical signs and diagnosis of canine 

dirofilariasis. In Dirofilariasis (pp. 61–82). CRC 

Press (2018). 

11. Smith, R., Murillo, D.F.B., Chenoweth, K., Barua, S., 

Kelly, P.J., Starkey, L., Blagburn, B., Wood, T. and 

Wang, C. Nationwide molecular survey of 

Dirofilaria immitis and Dirofilaria repens in 

companion dogs and cats, United States of America. 

Parasites & Vectors, 15(1), 367 (2022). 

12. Yilmaz, E., Wongkamchai, S., Ramünke, S., 

Koutsovoulos, G.D., Blaxter, M.L., Poppert, S., 

Schaper, R., von Samson‐Himmelstjerna, G. and 

Krücken, J. High genetic diversity in the Dirofilaria 

repens species complex revealed by mitochondrial 

genomes of feline microfilaria samples from 

Narathiwat, Thailand. Transboundary and Emerging 

Diseases, 66(1), 389–399 (2019). 

13. Brown, H.E., Harrington, L.C., Kaufman, P.E., 

McKay, T., Bowman, D.D., Nelson, C.T., Wang, D. 

and Lund, R. Key factors influencing canine 

heartworm, Dirofilaria immitis, in the United States. 

Parasites & Vectors, 7, 1–15 (2012). 

14. Simón, F., Siles-Lucas, M., Morchón, R., González-

Miguel, J., Mellado, I., Carretón, E. and Montoya-

Alonso, J.A. Human and animal dirofilariasis: The 

emergence of a zoonotic mosaic. Clinical 

Microbiology Reviews, 25(3), 507–544 (2012). 

15. Wang, D., Bowman, D.D., Brown, H.E., Harrington, 

L.C., Kaufman, P.E., McKay, T., Nelson, C.T., 

Sharp, J.L. and Lund, R. Factors influencing US 

canine heartworm (Dirofilaria immitis) prevalence. 

Parasites & Vectors, 7, 1–18 (2014). 

16. Tarafder, M. and Samad, M.A. Prevalence of certain 

viral diseases and Dirofilaria immitis infection in 

stray dogs in Bangladesh. Journal of Veterinary 

Medicine and One Health Research, 1(1), 39–47 

(2019). 

17. Zhang, Y. The understanding of heartworm disease: 

Diagnosis and treatments. In AIP Conference 

Proceedings, 2589, 1–6 (2022). 

18. Cho, J., Jeong, S.Y., Kim, M.S., Cho, W.S., Kim, 

D.W. and Park, C. Loop-mediated isothermal 

amplification polymerase chain reaction in place of a 

modified Knott test in screening dogs for heartworm 

(Dirofilaria immitis) infection combined with antigen 

detection test. American Journal of Veterinary 

Research, 1, 1–5 (2024). 

19. Wolstenholme, A.J., Maclean, M.J., Coates, R., 

McCoy, C.J. and Reaves, B.J. How do the 

macrocyclic lactones kill filarial nematode larvae? 

Invertebrate Neuroscience, 16, 1–9 (2016). 

20. Chandrashekar, R., Beall, M.J., Saucier, J., 

O’Connor, T., McCall, J.W. and McCall, S.D. 

Experimental Dirofilaria immitis infection in dogs: 

Effects of doxycycline and Advantage Multi® 

administration on immature adult parasites. 

Veterinary Parasitology, 206(1–2), 93–98 (2014). 

21. Marinov, G. and Zlateva-Panayotova, N. Surgical 

methods for extraction of adult forms of Dirofilaria 

immitis from the heart in dogs. Bulgarian Journal of 

Veterinary Medicine, 22, 40–45 (2019). 

22. Markakis, G., Sioutas, G., Bitchava, D., Komnenou, 

A., Ganoti, M. and Papadopoulos, E. Is the European 

badger a new host for Dirofilaria immitis? The first 

records in Greece. Parasitology Research, 123(2), 

118 (2024). 

23. Laidoudi, Y., Ringot, D., Watier-Grillot, S., Davoust, 

B. and Mediannikov, O. A cardiac and subcutaneous 

canine dirofilariosis outbreak in a kennel in central 

France. Parasite, 26, 1–8 (2019). 

24. Magnis, J., Lorentz, S., Guardone, L., Grimm, F., 

Magi, M., Naucke, T.J. and Deplazes, P. 

Morphometric analyses of canine blood microfilariae 

isolated by the Knott’s test enables Dirofilaria 

immitis and D. repens species-specific and 

Acanthocheilonema genus-specific diagnosis. 

Parasites & Vectors, 6, 1–5 (2013). 

25. Dantas-Torres, F. and Otranto, D. Overview on 

Dirofilaria immitis in the Americas, with notes on 

other filarial worms infecting dogs. Veterinary 

Parasitology, 282, 109113 (2020). 

26. Laidoudi, Y., Otranto, D., Stolowy, N., Amrane, S., 

Santhakumari Manoj, R.R., Polette, L., Watier-

Grillot, S., Mediannikov, O., Davoust, B. and 

L’Ollivier, C. Human and animal dirofilariasis in 

Southeast of France. Microorganisms, 9(7), 1544 

(2021). 

27. Genchi, C., Kramer, L.H. and Rivasi, F. Dirofilarial 

infections in Europe. Vector-Borne and Zoonotic 

Diseases, 11(10), 1307–1317 (2011). 

28. Anvari, D., Narouei, E., Daryani, A., Sarvi, S., 

Moosazadeh, M., Hezarjaribi, H.Z., Narouei, M.R. 

and Gholami, S. The global status of Dirofilaria 

immitis in dogs: A systematic review and meta-



MUHAMMAD MUNEEB et al. 

Egypt. J. Vet. Sci.  

12 

analysis based on published articles. Research in 

Veterinary Science, 131, 104–116 (2020). 

29. Bhowmik, P., De, S., Das, S., Sarkar, S. and Borah, 

D. Prevalence of Dirofilaria immitis infestation in 

dogs in Agartala, Tripura, India. Journal of Advances 

in Biology & Biotechnology, 27(8), 559–564 (2024). 

30. Coomansingh, C.M., Yabsley, M., Wagner, N., 

Pinckney, R., Bhaiyat, M.I., Chikweto, A., 

Macpherson, C. and Fields, P.J. Meta-analysis of the 

prevalence of Dirofilaria immitis in dogs from 

Grenada, West Indies. International Journal of 

Veterinary Medicine and Research Reports, 2015, 

429690 (2015). 

31. Iliev, P., Kirkova, Z., Ivanov, A., Prelezov, P., 

Tonev, A. and Kalkanov, I. Retrospective analysis on 

helminthic and protozoan infections in dogs and cats 

in Bulgaria. Bulgarian Journal of Veterinary 

Medicine, 20(Suppl 1), 389–393 (2017). 

32. Inpankaew, T., Hii, S.F., Chimnoi, W. and Traub, 

R.J. Canine vector-borne pathogens in semi-

domesticated dogs residing in northern Cambodia. 

Parasites & Vectors, 9, 1–6 (2016). 

33. Gomes-de-Sá, S., Santos-Silva, S., de Sousa Moreira, 

A., Barradas, P.F., Amorim, I., Cardoso, L. and 

Mesquita, J.R. Assessment of the circulation of 

Dirofilaria immitis in dogs from northern Portugal 

through combined analysis of antigens, DNA and 

parasite forms in blood. Acta Tropica, 239, 106799 

(2023). 

34. Ionică, A.M., Deak, G., Boncea, R., Gherman, C.M. 

and Mihalca, A.D. The European Badger as a new 

host for Dirofilaria immitis and an update on the 

distribution of the heartworm in wild carnivores from 

Romania. Pathogens, 11(4), 420 (2022). 

35. Mendes-de-Almeida, F., Alves, L.C., do Amaral 

Fernandes, P., de Menezes Leivas, R. and Labarthe, 

N. Infection with Dirofilaria immitis and other 

infections in cats and dogs from Rio de Janeiro, 

Brazil: The need for prophylactic enforcement. Acta 

Parasitologica, 66, 962–968 (2021). 

36. Miterpáková, M., Valentová, D., Čabanová, V. and 

Berešíková, Ľ. Heartworm on the rise—new insights 

into Dirofilaria immitis epidemiology. Parasitology 

Research, 117, 2347–2350 (2018). 

37. Satjawongvanit, H., Phumee, A., Tiawsirisup, S., 

Sungpradit, S., Brownell, N., Siriyasatien, P. and 

Preativatanyou, K. Molecular analysis of canine 

filaria and its Wolbachia endosymbionts in domestic 

dogs collected from two animal university hospitals 

in Bangkok metropolitan region, Thailand. 

Pathogens, 8(3), 114 (2019). 

38. Bamorovat, M., Sharifi, I., Harandi, M.F., Nasibi, S., 

Sadeghi, B., Khedri, J. and Mohammadi, M.A. 

Parasitological, serological and molecular study of 

Dirofilaria immitis in domestic dogs, southeastern 

Iran. Iranian Journal of Parasitology, 12(2), 260 

(2017). 

39. Mendoza-Roldan, J., Benelli, G., Panarese, R., Iatta, 

R., Furlanello, T., Beugnet, F., Zatelli, A. and 

Otranto, D. Leishmania infantum and Dirofilaria 

immitis infections in Italy, 2009–2019: Changing 

distribution patterns. Parasites & Vectors, 13, 1–8 

(2020). 

40. Alsarraf, M., Levytska, V., Mierzejewska, E.J., 

Poliukhovych, V., Rodo, A., Alsarraf, M., 

Kavalevich, D., Dwużnik-Szarek, D., Behnke, J.M. 

and Bajer, A. Emerging risk of Dirofilaria spp. 

infection in Northeastern Europe: High prevalence of 

Dirofilaria repens in sled dog kennels from the Baltic 

countries. Scientific Reports, 11(1), 1068 (2021). 

41. Marčić, D., Potkonjak, A., Ţekić-Stošić, M., 

Spasojević Kosić, L., Pušić, I. and Savić, S. 

Prevalence of Dirofilaria immitis in dogs from 

shelters in Vojvodina, Serbia. Veterinarski Arhiv, 90, 

45–50 (2020). 

42. Moskvina, T.V. and Ermolenko, A.V. Dirofilaria in 

the Russian Federation: A big problem with large 

distribution. Russian Open Medical Journal, 7(1), 

102–102 (2018). 

43. Bacsadi, Á., Papp, A., Szeredi, L., Tóth, G., Nemes, 

C., Imre, V., Tolnai, Z., Széll, Z. and Sréter, T. 

Retrospective study on the distribution of Dirofilaria 

immitis in dogs in Hungary. Veterinary Parasitology, 

220, 83–86 (2016). 

44. Ezema, K.U., Mustapha, M., Mairiga, I.A., Konto, 

M., Bukar-Kolo, Y.M. and Adamu, L. Prevalence of 

Dirofilaria immitis infection in dogs in Maiduguri, 

Borno State. Nigerian Journal of Animal Science, 10, 

234–238 (2020). 

45. Rimal, S., Adhikari, A., Acharya, R., Singh, D.K., 

Joshi, N.P., Shrestha, B., Kaphle, K., El-Dakhly, 

K.M. and Giannelli, A. Occurrence of Dirofilaria 

immitis in stray dogs from Nepal. Acta 

Parasitologica, 60, 1–7 (2021). 

46. Symeonidou, I., Sioutas, G., Gelasakis, A.I., 

Bitchava, D., Kanaki, E. and Papadopoulos, E. 

Beyond borders: Dirofilaria immitis infection in dogs 

spreads to previously non-enzootic areas in Greece—

A serological survey. Veterinary Sciences, 11(6), 255 

(2024). 

47. Chelliah, M.K. and Šlapeta, J. The prevalence and 

trends of canine heartworm (Dirofilaria immitis) in 

Kuala Lumpur, Malaysia (1970–2018). Veterinary 

Parasitology: Regional Studies and Reports, 16, 

100272 (2019). 

48. Lu, T.L., Wong, J.Y., Tan, T.L. and Hung, Y.W. 

Prevalence and epidemiology of canine and feline 

heartworm infection in Taiwan. Parasites & Vectors, 

10, 7–15 (2017). 

49. Dasanayake, R., Balendran, T., Atapattu, D. and 

Iddawela, D. A study on canine dirofilariasis in 

selected areas of Sri Lanka. BMC Research Notes, 

15(1), 137 (2022). 

50. Sarali, H., Karagenç, T., Bilgiç, H. and Bakırcı, S. 

Prevalence of Dirofilaria immitis infection in dogs 

from Aydin and Izmir provinces, Turkey. Animal 

Health Production and Hygiene, 9(2), 711–715 

(2020). 

51. Constantinoiu, C., Croton, C., Paterson, M.B., Knott, 

L., Henning, J., Mallyon, J. and Coleman, G.T. 

Prevalence of canine heartworm infection in 



CANINE DIROFILARIASIS BY DIROFILARIA IMMITIS ―AN EMERGING ZOONOTIC INFECTION... 

Egypt. J. Vet. Sci.  

13 

Queensland, Australia: comparison of diagnostic 

methods and investigation of factors associated with 

reduction in antigen detection. Parasites & Vectors, 

16(1), 63 (2023). 

52. Colella, V., Nguyen, V.L., Tan, D.Y., Lu, N., Fang, 

F., Zhijuan, Y., Wang, J., Liu, X., Chen, X., Dong, J. 

and Nurcahyo, W. Zoonotic vectorborne pathogens 

and ectoparasites of dogs and cats in Eastern and 

Southeast Asia. Emerging Infectious Diseases, 26(6), 

1221 (2020). 

53. Bawm, S., Khaing, Y., Chel, H.M., Hmoon, M.M., 

Win, S.Y., Bo, M., Naing, T. and Htun, L.L. 

Molecular detection of Dirofilaria immitis and its 

Wolbachia endosymbionts in dogs from Myanmar. 

Current Research in Parasitology & Vector-Borne 

Diseases, 4, 100148 (2023). 

54. Al-Farwachi, M.I. and Al-Melachi, H.B. Prevalence 

of canine cardiac dirofilariasis in Nineveh 

Governorate of Iraq. Atatürk Üniversitesi Veteriner 

Bilimleri Dergisi, 17(1), 31–34 (2022). 

55. Vieira, A.L., Vieira, M.J., Oliveira, J.M., Simoes, 

A.R., Diez-Banos, P. and Gestal, J. Prevalence of 

canine heartworm (Dirofilaria immitis) disease in 

dogs of central Portugal. Parasite, 21, 1–8 (2014). 

56. Stepanjana, L., Cirule, D. and Kirjusina, M. 

Occurrence of Dirofilaria spp. in dogs in Latvia 

(2008–2011). Latvijas Veterinārmedicīnas Žurnāls, 

8, 55–59 (2012). 

57. Anvari, D., Saadati, D., Siyadatpanah, A. and 

Gholami, S. Prevalence of dirofilariasis in shepherd 

and stray dogs in Iranshahr, southeast of Iran. 

Journal of Parasitic Diseases, 43, 319–323 (2019). 

58. Sobotyk, C., Nguyen, N., Negrón, V., Varner, A., 

Saleh, M.N., Hilton, C., Tomeček, J.M., Esteve-

Gasent, M.D. and Verocai, G.G. Detection of 

Dirofilaria immitis via integrated serological and 

molecular analyses in coyotes from Texas, United 

States. International Journal for Parasitology: 

Parasites and Wildlife, 18, 20–24 (2022). 

59. Camacho, M., Antonietti, M., Sayegh, Y., Colson, 

J.D., Kunkler, A.L., Clauss, K.D., Muniz-Castro, H., 

Lee, W.W., Yoo, S.H., Johnson, T.E. and Dubovy, 

S.R. Ocular dirofilariasis: A clinicopathologic case 

series and literature review. Ocular Oncology and 

Pathology, 10(1), 43–52 (2024). 

60. Basile, A., Napoli, E., Brianti, E. and Venco, L. Right 

pulmonary artery distensibility index in heartworm-

infected dogs: Are the different methods leading to 

the same results? Animals, 13(3), 418 (2023). 

61. Maiti, S. Dirofilariasis. In: Textbook of Parasitic 

Zoonoses (pp. 541–555). Springer Nature Singapore 

(2022). 

62. Chakarova, B. and Mitev, M. Human dirofilariasis: 

current situation and possibilities for diagnosis. 

Trakia Journal of Sciences, 18(4), 389–393 (2020). 

63. Demirci, B., Bedir, H., Taskin Tasci, G. and 

Vatansever, Z. Potential mosquito vectors of 

Dirofilaria immitis and Dirofilaira repens (Spirurida: 

Onchocercidae) in Aras Valley, Turkey. Journal of 

Medical Entomology, 58(2), 906–912 (2021). 

64. Younes, L., Barré-Cardi, H., Bedjaoui, S., Ayhan, N., 

Varloud, M., Mediannikov, O., Otranto, D. and 

Davoust, B. Dirofilaria immitis and Dirofilaria 

repens in mosquitoes from Corsica Island, France. 

Parasites & Vectors, 14(1), 427 (2021). 

65. Sonnberger, K., Fuehrer, H.P., Sonnberger, B.W. and 

Leschnik, M. The incidence of Dirofilaria immitis in 

shelter dogs and mosquitoes in Austria. Pathogens, 

10(5), 550 (2021). 

66. Lensi, I., Lubas, G. and Papini, R.A. Incidental 

finding of Dirofilaria immitis (Spirurida: 

Onchocercidae) microfilariae in the bone marrow of a 

dog with mixed Leishmania infantum–Dirofilaria 

immitis infection. Zoonotic Diseases, 3(2), 162–175 

(2023). 

67. Khedr, S., Said, D., Zeitoun, I. and Mogahed, N. 

Scanning electron microscopy as a confirmatory tool 

for morphological identification of Dirofilaria 

(Nochtiella) repens. Parasitologists United Journal, 

14(1), 22–28 (2021). 

68. Valčiukaitė-Ţilinskienė, R., Zablockienė, B. and 

Zablockis, R. Dirofilariasis presenting as pleural 

effusion: a rare case report with unusual 

manifestations and treatment modalities. BMC 

Pulmonary Medicine, 24(1), 340 (2024). 

69. Saha, B.K., Bonnier, A., Chong, W.H., Chieng, H., 

Austin, A., Hu, K. and Shkolnik, B. Human 

pulmonary dirofilariasis: a review for the clinicians. 

The American Journal of the Medical Sciences, 

363(1), 11–17 (2022). 

70. Gardiner, D., Bray, C.W. and Frederick, S. 

Spontaneous pneumothorax in a dog with a history of 

successfully treated heartworm disease: A case 

report. Topics in Companion Animal Medicine, 58, 

100842 (2024). 

71. Grandi, G., Ţivičnjak, T. and Beck, R. Pathogenesis 

of Dirofilaria spp. infections. Dirofilaria immitis, 

60–61 (2007). 

72. Ames, M.K. and Atkins, C.E. Treatment of dogs with 

severe heartworm disease. Veterinary Parasitology, 

283, 109131 (2020). 

73. Veterinary Information Network (VIN). Heartworm 

Disease: Pathophysiology and Clinical Signs. VIN, 

n.d. 

74. Kryvoruchenko, D. Hematological parameters of 

dogs for parasitism Dirofilaria immitis. Ukrainian 

Journal of Veterinary and Agricultural Sciences, 

5(1), 36–41 (2022). 

75. Kulnides, N., Lorsirigool, A., Pumipuntu, N., 

Chantrarasmee, C. and Janthong, N. Incidence and 

Hematological Changes in Dogs Infected with 

Dirofilaria immitis in Thailand. World's Veterinary 

Journal, (1), 103–108 (2023). 

76. Slobodyanik, R., Zykova, S., Belova, L. and 

Kryazhev, A. Blood morphology in dogs with 

dirofilariasis. In: E3S Web of Conferences, 210, 

06006 (2020). 

77. Kesici, H., Değer, Y., Oguz, B. and Özdek, U. The 

Serum Total and Lipid-Bound Sialic Acid with 

Hematological-Biochemical Parameter Levels in 



MUHAMMAD MUNEEB et al. 

Egypt. J. Vet. Sci.  

14 

Dogs with Dirofilariosis. Journal of the Hellenic 

Veterinary Medical Society, 73(1), 3589–3596 

(2022). 

78. Malatesh, d. Studies on microfilariosis in dogs with 

special reference to serological and molecular 

diagnosis (doctoral dissertation, Karnataka 

Veterinary, Animal and Fisheries Sciences 

University, Bidar) (2019). 

79. Lemos, N.M.D.O., Alberigi, B., Labarthe, N., 

Knacfuss, F.B., Baldani, C.D. and da Silva, M.F.A. 

How does Dirofilaria immitis infection impact the 

health of dogs referred to cardiology care. Brazilian 

Journal of Veterinary Medicine, 44 (2022). 

80. American Heartworm Society. American Heartworm 

Society Current Canine Guidelines for the 

Prevention, Diagnosis, and Management of 

Heartworm (Dirofilaria immitis) Infection in Dogs. 

2020. 

81. Keene, B.W., Atkins, C.E., Bonagura, J.D., Fox, 

P.R., Häggström, J., Fuentes, V.L., Oyama, M.A., 

Rush, J.E., Stepien, R. and Uechi, M. ACVIM 

consensus guidelines for the diagnosis and treatment 

of myxomatous mitral valve disease in dogs. Journal 

of Veterinary Internal Medicine, 33(3), 1127–1140 

(2019). 

82. Rishniw, M., Schukken, Y. and Greiner, E. Sex ratios 

of Dirofilaria immitis in naturally infected dogs show 

female bias at low worm intensities. Research in 

Veterinary Science, 93(3), 1324–1328 (2012). 

83. Morchón, R., Carretón, E., Zueva, T., Diosdado, A., 

Sed, G., Kartashev, V., González-Miguel, J. and 

Simón, F. Proceedings of 6th European Dirofilaria 

and Angiostrongylus Days. Parasites & Vectors, 

11(1), 623 (2018). 

84. Ayvazoğlu, C., Kiziltepe, Ş., Yaşar, Ü., Yaşar, Z.G., 

Demir, P. and Acar, A. High sensitivity Cardiac 

Troponin T (hs-cTnT) and I (hs-cTnI) levels in dogs 

with Dirofilaria immitis. Turkish Journal of 

Veterinary & Animal Sciences, 46(5), 718–723 

(2022). 

85. Miterpáková, M., Zborovská, H., Bielik, B. and 

Halán, M. The fatal case of an autochthonous 

heartworm disease in a dog from a non-endemic 

region of south-eastern Slovakia. Helminthologia, 

57(2), 154–157 (2020). 

86. Javaregowda, A.K. Diagnosis of microfilaria in dogs 

and its species identification by histochemical 

staining technique. Journal of Veterinary 

Parasitology, 33(2), 24–29 (2019). 

87. Soares, L.A., Matias, I.C., Silva, S.S., Ramos, 

M.E.O., Silva, A.P., Barretto, M.L., Brasil, A.W., 

Silva, M.L.C., Galiza, G.J. and Maia, L.A. 

Parasitological, serological and molecular diagnosis 

of Dirofilaria immitis in dogs in Northeastern Brazil. 

Experimental Parasitology, 236, 108233 (2022). 

88. Panarese, R., Iatta, R., Mendoza-Roldan, J.A., 

Szlosek, D., Braff, J., Liu, J., Beugnet, F., Dantas-

Torres, F., Beall, M.J. and Otranto, D. Comparison of 

diagnostic tools for the detection of Dirofilaria 

immitis infection in dogs. Pathogens, 9(6), 499 

(2020). 

89. Girdan, G.T., Anghel, R.G., Ionita, M. and Mitrea, 

I.L. Data on canine heartworm (Dirofilaria immitis) 

infection and other vector-borne pathogens in dogs in 

Bucharest area, Romania. No journal available. 

90. Power, R.I. and Šlapeta, J. Exploration of the 

sensitivity to macrocyclic lactones in the canine 

heartworm (Dirofilaria immitis) in Australia using 

phenotypic and genotypic approaches. International 

Journal for Parasitology: Drugs and Drug 

Resistance, 20, 145–158 (2022). 

91. Oh, I.Y., Kim, K.T. and Sung, H.J. Molecular 

detection of Dirofilaria immitis specific gene from 

infected dog blood sample using polymerase chain 

reaction. Iranian Journal of Parasitology, 12(3), 433 

(2017). 

92. Negron, V., Saleh, M.N., Sobotyk, C., Luksovsky, 

J.L., Harvey, T.V. and Verocai, G.G. Probe-based 

qPCR as an alternative to modified Knott’s test when 

screening dogs for heartworm (Dirofilaria immitis) 

infection in combination with antigen detection tests. 

Parasites & Vectors, 15(1), 306 (2022). 

93. Trancoso, T.A.L., Lima, N.D.C., Barbosa, A.S., 

Leles, D., Fonseca, A.B.M., Labarthe, N.V., Bastos, 

O.M.P. and Uchôa, C.M.A. Detection of Dirofilaria 

immitis using microscopic, serological and molecular 

techniques among dogs in Cabo Frio, RJ, Brazil. 

Revista Brasileira de Parasitologia Veterinária, 

29(1), e017219 (2020). 

94. Tahir, D., Bittar, F., Barré-Cardi, H., Sow, D., 

Dahmani, M. et al. Molecular survey of Dirofilaria 

immitis and Dirofilaria repens by new real-time 

TaqMan® PCR assay in dogs and mosquitoes 

(Diptera: Culicidae) in Corsica (France). Veterinary 

Parasitology, 235, 1–7 (2017). 

95. Laidoudi, Y., Davoust, B., Varloud, M., Niang, 

E.H.A., Fenollar, F. and Mediannikov, O. 

Development of a multiplex qPCR-based approach 

for the diagnosis of Dirofilaria immitis, D. repens 

and Acanthocheilonema reconditum. Parasites & 

Vectors, 13, 1–15 (2020). 

96. Little, S., Saleh, M., Wohltjen, M. and Nagamori, Y. 

Prime detection of Dirofilaria immitis: understanding 

the influence of blocked antigen on heartworm test 

performance. Parasites & Vectors, 11, 1–10 (2018). 

97. Borthakur, S.K., Deka, D.K., Islam, S., Sarma, D.K. 

and Sarmah, P.C. Prevalence and molecular 

epidemiological data on Dirofilaria immitis in dogs 

from Northeastern States of India. The Scientific 

World Journal, 2015(1), 265385 (2015). 

98. Maerz, I. Clinical and diagnostic imaging findings in 

37 rescued dogs with heartworm disease in Germany. 

Veterinary Parasitology, 283, 109156 (2020). 

99. Goggin, J.M., Biller, D.S., Rost, C.M., DeBey, B.M. 

and Ludlow, C.L. Ultrasonographic identification of 

Dirofilaria immitis in the aorta and liver of a dog. 

Journal of the American Veterinary Medical 

Association, 210(11), 1635–1637 (1997). 

100. Yevstafieva, V., Kryvoruchenko, D., Melnychuk, V., 

Nikiforova, O., Kone, M. and Barabolia, O. Efficacy 

of ultrasound in diagnosis of dirofilariasis in dogs 



CANINE DIROFILARIASIS BY DIROFILARIA IMMITIS ―AN EMERGING ZOONOTIC INFECTION... 

Egypt. J. Vet. Sci.  

15 

caused by Dirofilaria immitis. Regulatory 

Mechanisms in Biosystems, 13(3), 281–286 (2022). 

101. Ames, M.K. Diagnosing and treating heartworm 

infection in dogs, 22-26 (2022).  

102. Carretón, E., Falcón-Cordón, Y., Falcón-Cordón, S., 

Morchón, R., Matos, J.I. and Montoya-Alonso, J.A. 

Variation of the adulticide protocol for the treatment 

of canine heartworm infection: Can it be shorter?. 

Veterinary Parasitology, 271, 54–56 (2019). 

103. Kramer, L., Crosara, S., Gnudi, G., Genchi, M., 

Mangia, C., Viglietti, A. and Quintavalla, C. 

Wolbachia, doxycycline and macrocyclic lactones: 

new prospects in the treatment of canine heartworm 

disease. Veterinary Parasitology, 254, 95–97 (2018). 

104. Moraes-da-Silva, M.D.F.C.V., Mendes-de-Almeida, 

F., Abdalla, L., Merlo, A., Paiva, J.P. and Labarthe, 

N.V. Selamectin for the prevention of canine 

Dirofilaria immitis infection: field efficacy in client-

owned dogs in a high risk area. Parasites & Vectors, 

9, 1–5 (2016). 

105. Carretón, E., Morchón, R. and Montoya-Alonso, J.A. 

Cardiopulmonary and inflammatory biomarkers in 

heartworm disease. Parasites & Vectors, 10, 151–163 

(2017). 

106. American Heartworm Society. Canine Guidelines 

Summary. (2020). 

107. Panprom, C., Bootcha, R., Kacha, Y. and Petchdee, 

S. The surgical intervention for dirofilaria infections 

in one dog and one cat. Advances in Animal and 

Veterinary Sciences, 9(4), 571–575 (2021). 

108. Romano, A.E., Saunders, A.B., Gordon, S.G. and 

Wesselowski, S. Intracardiac heartworms in dogs: 

Clinical and echocardiographic characteristics in 72 

cases (2010–2019). Journal of Veterinary Internal 

Medicine, 35(1), 88–97 (2021). 

109. Vila, J. and Alost, E. Management and outcome of 

intracardiac heartworms in dogs. Parasites & 

Vectors, 16(1), 146 (2023). 

110. Vivekanandhan, R., Shanmuganath, C., Sunil, B., 

Kadwalia, A., Muralikrishna, P. and Murugavelu, M. 

Dirofilariasis: An emerging zoonosis. Journal of 

Pharmacognosy and Phytochemistry, 8(3), 3014–

3018 (2019). 

111. Diakou, A. and Prichard, R.K. Concern for 

Dirofilaria immitis and macrocyclic lactone loss of 

efficacy: current situation in the USA and Europe, 

and future scenarios. Pathogens, 10(10), 1323 

(2021). 

112. Prichard, R.K. Macrocyclic lactone resistance in 

Dirofilaria immitis: risks for prevention of 

heartworm disease. International Journal for 

Parasitology, 51(13–14), 1121–1132 (2021). 

113. Mõttus, M., Mõtsküla, P.F. and Jokelainen, P. 

Heartworm disease in domestic dogs in Estonia: 

indication of local circulation of the zoonotic parasite 

Dirofilaria immitis farther north than previously 

reported. Parasites & Vectors, 17(1), 124 (2024). 

114. Genchi, C., Bandi, C., Kramer, L. and Epis, S. 

Dirofilaria Infections in Humans and Other Zoonotic 

Filariases. In Helminth Infections and their Impact on 

Global Public Health (pp. 555–568). Cham: Springer 

International Publishing (2022). 

115. Mendoza-Roldan, J.A., Gabrielli, S., Cascio, A., 

Manoj, R.R., Bezerra-Santos, M.A., Benelli, G., 

Brianti, E., Latrofa, M.S. and Otranto, D. Zoonotic 

Dirofilaria immitis and Dirofilaria repens infection 

in humans and an integrative approach to the 

diagnosis. Acta Tropica, 223, 106083 (2021). 

116. Bourguinat, C., Lee, A.C., Lizundia, R., Blagburn, 

B.L., Liotta, J.L., Kraus, M.S., Keller, K., Epe, C., 

Letourneau, L., Kleinman, C.L. and Paterson, T. 

Macrocyclic lactone resistance in Dirofilaria immitis: 

failure of heartworm preventives and investigation of 

genetic markers for resistance. Veterinary 

Parasitology, 210(3-4), 167–178 (2015). 

117. Barrantes Murillo, D.F., Moye, A. and Wang, C. 

Heat treatment augments antigen detection of 

Dirofilaria immitis in apparently healthy companion 

dogs (3.8% to 7.3%): insights from a large-scale 

nationwide survey across the United States. 

Pathogens, 13(1), 56 (2024). 

118. Wang, J., Zhu, X., Ying, Z., Han, Q., Liao, C., Wang, 

J., Zhao, J., Sun, J. and Lindsay, D.S. Prevalence of 

Dirofilaria immitis infections in dogs and cats in 

Hainan Island/province and three other coastal cities 

of China based on antigen testing and PCR. Journal 

of Parasitology, 105(2), 199–202 (2019). 

 


